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DESCRIPTION TRANSMITTING APPARATUS AND TRANSMITTING
METHOD 5 TECHNICAL FIELD The present invention relates to the
technical field of radio communication. More specifically, the present
invention relates to a transmission apparatus and a transmission method
for use in a communication 10 system for scheduling packets on a
downlink. BACKGROUND ART In the third generation communication
scheme, typically IMT-2000 (Infegrgtina Vjapile 15
Telecommunications-2000), the information transmission rate higher than
2 Mbps is implemented with use of 5 MHz frequency band in the
downtiRANsthe TV TR 0D PRA RATULES CANer tYIRANS@IPVIAING METHOD
(Wideband-CDMA) scheme is adopted. In addition, AMC (Adaptive
Modulation and 20 channel Coding) scheme, ARQ (Automatic Repeat
ReghidshCAdhelmebPpackets in the MAC layer, fast packet scheduling,

an Oth)QTﬁ@r ?@@'@)ﬁ_td fP?U%BPPdeiQHMEGStDWLLBKQ?%hn ical
ccess) in order tq achieve higher transmission rates and quality.
EEET0 Gt R 26 QBRI GEQBbesIRE ANRPEREPECATI Y - the
poepeatett docusmeni dnles@ibat v ARQ acltameen $@skiE@n apparatus
SehematE Men LB R AMo SR SSUTIIINUSARSIPERR i on
power from a base station is constant, in general, it is estimated that 30 a
wrekan Fasse ¢ 8 Budd satidprkehsetdive sihpyr Wihlgreater
power than a terminal 12 farther from the base station 10 can. Thus,
m&thm the terminal 11 may have better channel

; modulation level and a higher coding rate are 1
adoptedl Onthe othbi rahdg theaeatiial 12 cammcei/e adigmats widhiess ,
’tﬁe?(‘ﬁ%ré?ﬁ']%he U386 - 01 AT ti5A LIS RYIAIRH that the

Inal 12 may have worse ) ) L
Telecommunications-2000), the information transmission

rate higher than 2 Mbps 1s implemented with use of 5 MHz
frequency band in the downlink. 1In the IMT-2000, the
single-carrier type W-CDMA (Wideband-CDMA) scheme is
adopted. In addition, AMC (Adaptive Modulation and
channel Coding) scheme, ARQ (Automatic Repeat Request)
scheme for packets in the MAC layer, fast packet
scheduling, and others are employed for HSDPA (High Speed
Downlink Packet Access) in order to achieve higher
transmission rates and quality. For example, non-patent
document 1 describes the AMC scheme, and non-patent
document 2 describes the ARQ scheme.

FIG. 1 is a schematic view illustrating the AMC
scheme. Assuming that transmission power from a base
station is constant, in general, it is estimated that
a terminal 11 closer to a base station 10 can receive
signals with greater power than a terminal 12 farther
from the base station 10 can. Thus, since itis estimated
that the terminal 11 may have better channel conditions,
a greater modulation level and a higher coding rate are
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channel conditions, a smaller modulation level and a 5 lower coding rate
are adopted. FIG. 2 shows an exemplary combination of different
modulation schemes (modulation level) and different channel coding
rates. In the illustrated table, the rightmost column represents relative bit
rates in the 10 case of the bit rate being "1" under the modulation scheme
M of "QPSK" and the channel coding rate R of "1/3". For example, if

MroRReel . andR=tHe Jbh bt Al X1tk dS PRIANPAaIN 99 anthiedteive
is_a tendency.that the higher the bit rate is, the less the reliability is. More

g4 gpad 4l Eb N8Ry BEt kR R AGHOANRbA SchefiSsadesul L,
$hemodinaratesest it tand athcudtt hedicative iod alanzehsigtdssve worse

; . g, “and » q
EGHE LR LA SR TR o RS PRI
hetativecsrdid ehanadiestas & Maedjeeths Channel Quality Indicator
(S?NQI) , ])Pﬂligh. i%tYﬁi@Mbésiﬁ?el(g%@ﬂpthgﬂer@?ﬁmﬁ rWQW?b'ﬁaBQ? d¥PFferent
a received signal. . 3 is a schematjc view for explaining the

AR DaT 610 Ot neBIRARHGT TAD (hEHE A deRb o e ent
tdthniged derocd iipnrat@shination dflilee ARQUsstheat edf ratpleteng the

r ission ts ' r t or cti :
s € SO EBPREe L SRR BT B R i the
caseraidriet e30 idasakanhée togding) foreder cbhrectied wbakspatecheme

f RC WiPsRAdgd ip & HangRispiAe #ao 8G9 FaBe) RNG#e1/3” . For

resultin% signal is sent after completion of error correction encoding (S2).
R bRse thTelbipfbithe s, Brotddrectibi® RSdifGEEPT <1-5
iedendtia se'dhannkh dgetewgd)lis  caimeadeout $53), avdhdreoraletddiart the

FIGHEA eHEEY fsome FUOT fdepsied. {RAPTFSIRT 16§ RACket More
specifically, combinations between different modulation
schemes and the coding rates and different amounts
indicative of channel states are predefined in a listing
table, and the modulation schemes and others are changed
depending on the channel state i1If needed. The amount
indicative of the channel state is managed as Channel
Quality Indicator (CQIl), which i1s typically SIR (Signal
to Interference power Ratio) and SINR of a received
signal.

FIG. 3 is a schematic view for explaining the ARQ
(more accurately, hybrid ARQ). The hybrid ARQ scheme is
a technique derived from a combination of the ARQ scheme
of requesting retransmission of packets depending on
results of error detection (CRC: Cyclic Redundancy Check)
and some error correction coding scheme (also referred
to as channel coding) for error correction. As
illustrated, a CRC bit i1s added to a transmission data
sequence S1), and the resulting signal is sent after
completion of error correction encoding (S2). 1In
response to receipt of the signal, error correction
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is requested to the transmitting side (S5). As 5 illustrated in FIG. 4, there
are several methods for such retransmission. In an exemplary method
illustrated in FIG. 4A, packet Pl is sent from the transmitting side to the
receiving side. If some error is detected at the 10 receiving side, the
packet Pl is discarded and then the retransmission is requested. In
response to the retransmission request, the transmitting side resends the

qaes 8% Q[ fgaeﬂt%%sr.P@d) %thsgae%ﬂé’ml%im&é@aeﬁwﬂ” is

method illustrated in FIG. 4B, 15 packet Pl is sent from the transmitti

CREYS {%@ %‘ééu@r%ﬁ%mé‘ﬂ%SME%’ﬁ&‘%&&Edt%‘ AneeEditAPLYIe(S4) -
 § & womlwr@rsuderkmsdbeteaat@upl mtbnatrm-cngtmg)m lofetpomspacket

R L e R SRR B £ S8 oo A5
gérlerét‘éma@@tm by eonthinihig ethe ms\ﬁoaglyeerc@l/ér@eaawdtsmm r such

hees88WY; Lecplygd packet. Since the packet P3 corresponds to one
transmitted with double tE ower ofﬁ&) cket Et the 25 de odulation

accuracy s iHpr&REMRLS ok r|ﬂ;§ﬁ edh FIEC acAA -
pacdet Rl iB sentsrosetnt trﬁnerrnlttlrigesubrta rilsan rdceiMryy sdied ¢f sbmeth e

SO R W (R o E A

n response to the retransmission request, the

ﬁﬁﬁ@ﬂlﬁlh@@lcﬁeléé‘hdstﬂé@uﬁ@e{%?ﬂaf’a]dérﬁ/e@b%%ﬁ@ﬁﬁin@@ért&hen the

PBEH REQISMAB BIpdIRclied Pll'éa 9@@@&82 Fclrrﬁxﬁ@ﬁl@@ AsBIMecthgha
%ence of_packets such as "P|, P

E ' has beep 3_derived za\é

oty BE&&PPF?H&S&R@E GuehcaNSPIHEANY Rige resends
’tmmc_:t;mm paitero’k and (hayiifées edepeddiag ofPtheadoptachedimcket P1.
algorithip. 19 th& xemplary method illustrated in FIG. 4B,

packet P1 is sent from the transmitting side to the
receiving side. |If some error i1s detected at the
receiving side, the receiving side keeps the packet P1
without discarding it. In response to the
retransmission request, the transmitting side resends
the same packet (represented as “P2”) as the packet P1.
Then, the receiving side generates packet P3 by combining
the previously received packet with the currently
received packet. Since the packet P3 corresponds to one
transmitted with double the power of packet P1l, the
demodulation accuracy is improved.

Also 1n an exemplary method 1llustrated in FIG. 4C,
packet P1 is sent from the transmitting side to the
receiving side. |If some error i1s detected at the
receiving side, the receiving side keeps the packet P1
without discarding it. In response to the
retransmission request, the transmitting side sends
redundancy data derived by performing certain operations
on the packet Pl as packet P2. For example, assume that

a sequence of packets such as “P1, P1’, P1”, ...” has been
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illustrated example, in response to receipt of a 5 retransmission request,
the transmitting side sends PI' as packet P2. The receiving side
generates packet P3 by combining the previously received packet with
the currently received packet. Since the packet P3 has increased
redundancy, the demodulation accuracy will be 10 improved. For
example, assuming that the coding rate of the packet P1 is equal to "1/2",

Hercpging 18e ohs diarset R fpsemet esiyal toThid dopipby desdififence

in improved reliability. Note that the receiving side must already know
ISmP SiEblioe s @Switht doding BioRitiA* I RiddoptN dnaay differ
dhiedahncy glatrare isentdpuptied Eadidimcpra kajloard. tfasspackeh the

| me i echniqye. | ' ve_frequency
Eaxgﬁmglgncé)%ﬁ] ovi\:/!r%ﬁn klﬁn 21 ?ﬁ%ﬁﬁécgoggr%? n i%a %% gﬁ\%roonfne%t,
tretataehanie sonditise betesdn atthebikeration (dder)and bdseends P11’

§T§ti}98(\!ﬂ@¥ pyer timaydn ﬁ@%é&ﬁ?i ﬁ\ﬁe% i'ﬂ@l@b%\smfbﬁfcq@_@@3 by
amognt of data t% a user with asp or channel condition E attem;ted, I{ﬁe

RABOHNMBELVE e RFSIYABUSEY HESRIMBRC PAE Kighet2eth
tuoughpttiyoute be acteelgpdaikeedser vthrecgooth ehgnaekeotdiéi@n.has

. > 4t ) . f T
TG Bicau PRaatl den NS CRBET e LeriReuhdeo B be
L8R EAY @Qsigning o SHERBP dSa PeeRetd Rk B b theuseddihaneate of

priershanest cpndijan. &g aaiseosche/matic ¢agrapLigh glaaiee er the
fastg%gket scheduling scheme. As illustrated, a shared data packet is

BaGk et 63 ﬁ@%fﬂ?ﬁe%ﬂ@r‘ch‘éﬂné%éﬁditi&‘i‘&aﬁ‘f"s%}’ags%%fé!e'ai ng in
with preatat SIRIRI abadchty timd\sidte Ashlauttibied irelElSi @ iplgraide must

89953409 INFOYP S RIS K ARBI LT NS AN ATIRESBLPHY W™ 7 i thm
single tinie slot (frame) in assignment of a

Is adopted, what redundancy data are sent (puncture
pattern), and others.

Fast packet scheduling scheme i1s a technique
intended to improve frequency utilization efficiency iIn
downlink. 1In a mobile communication environment, the
channel condition between a mobile station (user) and
a base station varies over time. |In this case, even
though transmission of a large amount of data to a user
with a poor channel condition i1s attempted, it is hard
to improve the throughput. On the other hand, the higher
throughput would be achieved for a user with a good
channel condition. Fromsuchaviewpoint, it is possible
to improve the frequency utilization efficiency by
determining whether the channel condition 1s good for
each user and assigning a shared data packet in favor
of the user with the better channel condition.

FIG. 5 1s a schematic diagram for explaining the
fast packet scheduling scheme. As illustrated, a shared
data packet 1s assigned to a user with the better channel
condition (a user associated with greater SINR) In each
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shared data packet. In the illustrated example, codes 5 #1-#10 are used,

and in the third frame of five frames, two types of data are multiplexed for

user #1 and user #2. Non-patent document 1: T. Ue, S. Aampei, N.

Morinaga and K. Hamaguchi, "Symbol Rate and Modulation 10
Level-Controlled Adaptive Modulation/TDMA/TDD System for

High-Bit-Rate Wireless Data Transmission”, IEEE Trans. VT, pp.
i1 ¥0l 44Ng-Hy ﬁ@’t-r@@éd\'orhpﬁ@.d%qmgfﬂ?rﬁél Lodes may
Costello, Jr. and M. Miller, "Automatic-Repeat-Request Error Control 15

BentRed, ExesdhiRbrXidAhageaRE B Y2 fed, I hhesqnt users
PEthiP34DISGhQSURE idfe NMENT IQRIBROBLEN EQ BESOI/AD of a

PAHOUEh SHAEH P CABAct of ikt Fa G SR At RTe " codes

#dmhlRicatieh Hyaedh, iemdy be reherddtbrasdra aiter dEqlidins danames ,

o i"tﬂéfé%f‘téfSt@@ﬁa "@W@Vﬁfui‘ﬁ’kﬂ'(i%&%ﬂ‘eﬁfﬂquﬁg@/rbw iand user
used for radio 25 communication, the more adverse are the frequency

ective fading effects due to multipath fading. FIG. 19 schematically
shows tNe reeppttomn¢vdioaf ansegntl 1afféctddeoy She Aaquuaty Selettveinaga

fading, As jllustrated in.FIG, 19A, if arelatiyely narrowy,frequency 30 band
R he for TA05 i issioR IE e Rt Eletl itk ok e Oty

bavedarOsndongibided 16 darddyantMadulagden MIDBALIB ngMs tem
piher hangh if Bderafreaupppehansds paad ther g pNiPS devshshowsEE

ignifi f d ] b d f
RHABSmAN of Bioed bhd datady o Uithie (3 entl8 radls pARMnio1998
plural frdpurenpyitiecks dodapEnAMZ; ARQ hridhpadketsstaddding Jar. and
RACH TR DIRFE O RARS CaSS et N8R S0 R or control

Schemes”, IEEE Communication Magazine, vol. 12, No. 12,
pp- 5-17, Dec. 1984

DISCLOSURE OF INVENTION
[PROBLEM TO BE SOLVED BY THE INVENTION]
In this technical field, there is a strong need for

improved speed and capacity of radio transmission, and
in a future communication system, 1t may be required to
use a wider frequency band than In current systems.
However, the wider i1s the frequency band 1s used for radio
communication, the more adverse are the frequency
selective fading effects due to multipath fading. FIG.
19 schematically shows the reception level of a signal
affected by the frequency selective fading. As
illustrated in FIG. 19A, ifarelatively narrow frequency
band is used for radio transmission, the reception level
within the frequency band can be considered to be constant.
As illustrated in FIG. 19B, on the other hand, 1f a wider
frequency band is used, the reception level shows
significant frequency dependence. Hence, 1t may be
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5 totally carried out in minimum data units, however, a large number of
control signals are required, and data transmission efficiency may
become worse. One object of the present invention is to provide a
transmission apparatus and a transmission method 10 enabling control
signals required for improved frequency utilization efficiency to be
transmitted efficiently in a communication system where data

Ha%m%%\@pe@&émegrowmbf.aa%%@rpewryﬁ@@gjoweeta%mt to
better channel condition. 15 [MEANS FOR SOLVING THE PROBLEM] In

gt esdibe tﬁé“p’r’oﬁ%rﬁamé%rgéé}ﬁ it Il HrRds 18 S auRsatd 1ocks
tracsnaipipd yawMG a agman cating okpanest tvitldl a betier charnadach

FrlpR R0 yN el Or}%&rﬁhoéeé die Wdé’loe?kscw&*g'”@o%% rd1s are
maore carrie equenC|es e transmlt er Includes a communicatin
bpgcnbhysctacriod afit Skstuatig "thad el Boktitdeh foNdh ,frehgemwe r, a

b@e@@rﬁa%@frptwal@@mﬂmpagri@ﬂmeawr\dé@lﬁpmon%% data
more 25 communlcatﬂ; CE}onents from the plural communicating

bARAESS hAuf BT hirAGG? NSt URlEeRfining at least
a modulahen sdhpectdepEnting qur theavtluntedertidioel cosdiion,arovide

o
RIS e e N G Bt
anaiabikne grEbleks oRnlmitamy bbpenkas tbm@@éi\)eeaiy darequency

GrE ek atd GrclkappeLtianseysIen beiteramtrctbesaleciciently in
communlcallcagc%pponents with thﬁé:ontrél channel and the 6_data_channel

FhEATHHA HoAES A d SR Hid SudAd R ShaRR M hERARTAS E BE 1ed
OHE INVEREVON] ® Aceordimig e thecthooignen pbdtherptesenth a better

channel condition.

[MEANS FOR SOLVING THE PROBLEM]

In order to solve the problem, the present invention
relates to a transmitter transmitting data to a
communicating opponent with a better channel condition
with use of one or more frequency blocks including one
or more carrier frequencies. The transmitter includes
a communicating opponent selection unit evaluating
channel condition for each frequency block for each of
plural communicating opponents and selecting one or more
communicating opponents from the plural communicating
opponents, a modulation scheme determination unit
determining at least a modulation scheme depending on
the evaluated channel condition, a control channel
generation unit generating a control channel Indicative
of the determined modulation scheme and one or more
frequency blocks available for the selected
communicating opponents to receive a data channel, and
a channel transmission unit providing the selected
communicating opponents with the control channel and the
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invention, frequency utilization efficiency can be improved in systems for
transmitting data to a communicating opponent with a better channel

condition. 10 BRIEF DESCRIPTION OF DRAWINGS FIG. 1 is a

schematic view for explaining the AMC scheme; FIG. 2 is a diagram

illustrating exemplary combinations between different modulation

schemes and 15 different channel coding rates; FIG. 3 is a schematic

Uigw{0E RAIABINTBE HYR e ARQ scheme ddRcd it RERYAR modulation
illustrating an exemplary transmission scheme; 20 FIG. 5 is a diagram
HGEERRAg reception quality varying over time; FIG. 6 is a diagram

illustrating exemplary code multiplexing for plural users; FIG. 7 is a block

Eﬂ&ﬁ@m‘?féa%%_aﬁmtﬁ @CQCN’?IE&T;EIO ne embodiment of the present

vention;, IS a diagram emplary time multiplexing in a

radio reAstEed abiphndt §He Ferrsbgeblan@ragramflhrdﬂrenm@&rﬁrﬂary

VﬁWéﬁ%!HW“mPﬁ@ﬁde ya@Qﬁﬁpﬂ@€ﬁ§ﬁg@??méﬁeﬁﬁ yFl&aA0 ke
a diagram illustrating exem g/code multrFaexrn%m the radio resource

LIRGY&ER AR B te Qhrahl AL EAL 090 H2 T Fade
cxsonice Bssignimenowigousendt plurehfraqbercydloaisadrid@. ¢aAadiction .
diagram illustrating a transmission procedure in a base station according
to one embodlment of the present invention; FIG. 12B is a flowchart (1)
: S g dire in detail; FIG. 12C is a

flowchar.t(@ foﬂe%alalngémﬁamatlc view for explaining the AMC
scheme;

FIG. 2 is a diagram illustrating exemplary
combinations between different modulation schemes and
different channel coding rates;

FIG. 3 1s a schematic view for explaining the hybrid
ARQ scheme;

FIG. 4 is a diagram illustrating an exemplary
transmission scheme;

FIG. 5 is a diagram illustrating reception quality
varying over time;

FIG. 6 is a diagram illustrating exemplary code
multiplexing for plural users;

FIG. 7 1s ablock diagram of a transmitter according
to one embodiment of the present invention;

FIG. 8 is a diagram illustrating exemplary time
multiplexing in a radio resource assignment unit;

FIG. 9 1s a diagram i1llustrating exemplary
frequency multiplexing in the radio resource assignment
unit;

FIG. 10 is a diagram illustrating exemplary code
multiplexing in the radio resource assignment unit;

FIG. 11 i1s a diagram i1llustrating exemplary radio
resource assignment with use of plural frequency blocks;
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transmission procedure in detail; FIG. 12D is a flowchart (3) for explaining
the transmission procedure in detail; 10 FIG. 13 shows an exemplary
table where contents of control information are listed; FIG. 14 is a
diagram illustrating several examples for illustrating mapping control
information and the other information in a downlink physical channel; 15
FIG. 15A is a diagram illustrating an embodiment where control

Informagoyys ”1‘%9@@%”&?'&?&@"’1* 10 SAAPIMGPYSXGBhnsmission
u

channel; FIG. 15B is a diagram illustrating an exemplary localized FDM: _
P 1S ABESs HhidgPAs RusSthahl AR Serii Qﬁstﬁ&ut‘éﬂ efaqdiment
&F istehdiagraasibustraing/amembodiment where error detection coding

N pe”‘?rﬁ]‘%’P”ﬁ“é’@"?'sinéo”igi‘%&% ﬁéf{G:gW S ?od}agé?@ i”éﬁ'i’ﬁtiﬁ‘g %he
embodiment” where error correction coding is pérformed in control
TXGARNAS F10 N @IHG G lekehplagiettBlk ksr comparing different

transmiﬁi@_scfgmes;s'soa:_lcﬁ|bg\_,'@was,eﬁe 2§C dagragniei #iithg the
exemplary frequency selective fading; F|G. 20 is a flowchart (1) for
s{a&ﬁmi ERRS Té?&ﬁQH{n%séﬁ ﬁlr%Eéuh e; FIG. 21 is a flowchart

(1)' for explaniridn Bexamplhomcdremiss(@)prduaduex F&a 22isng the
f inj emqpl jssion procedure; FIG. 23
ﬂ?‘%ﬁ[gﬁﬁ@s 5’%?@‘0 1y ﬁ&% 8t ’ig'? et P

IS a art explaining an 5 exemplary fransmission procedure;
FIG. 24Tl &Howénarh @ySion@xprmitylary table where contents of

control information are listed;

FIG. 14 is a diagram i1llustrating several examples
for 1llustrating mapping control information and the
other information in a downlink physical channel;

FIG. 15A is a diagram illustrating an embodiment
where control information i1s mapped per frequency block
in a downlink physical channel;

FIG. 15B i1s a diagram illustrating an exemplary
localized FDM;

FIG. 15C is a diagram illustrating an exemplary
distributed FDM;

FIG. 16 is a diagram illustrating an embodiment
where error detection coding is performed on control
information;

FIG. 17 is a diagram illustrating an embodiment
where error correction coding is performed in control
information;

FIG. 18 shows an exemplary table for comparing
different transmission schemes;

FIG. 19 is a schematic diagram illustrating
exemplary frequency selective fading;

FIG. 20 is a flowchart (1) for explaining an
exemplary transmission procedure;

FIG. 21 is a flowchart (1) for explaining an
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exemplary transmission procedure; FIG. 25 is a flowchart (3) for
explaining an exemplary transmission procedure; 10 FIG. 26 is a
flowchart (1) for explaining an exemplary transmission procedure; FIG. 27
is a flowchart (2) for explaining an exemplary transmission procedure;
FIG. 28 is a flowchart (3) for explaining an 15 exemplary transmission
procedure; FIG. 29 is a flowchart (1) for explaining an exemplary

HRRHH TPV PrOFetEs S i dhis Frilowehart € for explaining an

exemplary transmission procedure; 20 FIG. 31 is a flowchart (3) faor
explainifid Gn x@mpRinfrd S drodecidiref @1 S29Rd d HivkRY an
diagran dlwstrating a stransgitten apeasdied torete embodiment of the
present dpyentign, 25 FIG. 33 1 | m illpstrag ing.an.
exemplalﬂrgéfirr(g;%or%en%eﬁﬁwm&ﬁ%% eregﬁodtﬁéﬁoiéggﬁgﬁiﬂ'g an
gifrerepd aansniissiosPolas kveIsPFIE: 8d i £ diagram illustratively

showing:_e]rq; ?Xgﬂmi@_%’ﬁﬂm@ﬁﬁq@tb gen q=iﬁqre@t)4_\5(i§ iHTRErsan
30 and ilfferent transmission_power levels; FIG. 35A is a diagram

&Rl g FUndhiRESH LR P RVAE BF G ERrresource blocks in case
of a comviE@tiorh AV e@nfrdlpwih 868 148 Yiafjcam diugtlkdinging an

Hﬁﬁwgﬁlg’# 9tﬂ°éi‘f‘?£h?¥§'§ poAift ro{?{:@a%@e blocks in case of AMC

contr ansmission power control according to an embodiment of

the predehinveifiod SF16. 3d RwcdthEatd diadiam ifugerhadding an
XY rolaigneshiempsarshigHalud g evable inMCSI, MCS2,

MCS3 goff W§§¥n§@ngq%f8wgﬁg¥¥;(2) for explaining an
exemplary transmission procedure;

FIG. 28 1s a flowchart (3) for explaining an
exemplary transmission procedure;

FIG. 29 1s a flowchart (1) for explaining an
exemplary transmission procedure;

FIG. 30 is a flowchart (2) for explaining an
exemplary transmission procedure;

FIG. 31 is a flowchart (3) for explaining an
exemplary transmission procedure;

FIG. 32 is a block diagram illustrating a
transmitter according to one embodiment of the present
invention;

FIG. 33 is a diagram illustratively showing an
exemplary correspondence between different modulation
schemes and different transmission power levels;

FIG. 34 1s a diagram illustratively showing an
exemplary correspondence between different MCS numbers
and different transmission power levels;

FIG. 35A 1s a diagram illustrating transmission
power levels of different resource blocks iIn case of a
conventional AMC control;

FIG. 35B i1s a diagram illustrating transmission
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FIG. 37 is a schematic diagram illustrating exemplary assignment of

resource blocks; FIG. 38 is a diagram illustrating exemplary 10

transmission power levels of individual resource blocks; and FIG. 39 is

another diagram illustrating exemplary transmission power levels of

individual resource blocks 15 LIST OF REFERENCE SYMBOLS 10: base
station 11, 12: terminal 702: radio resource assignment unit 704: inverse
RshEUIVERSism Wtr @ FER YL KRG IBIRSIANUGh@Bise of AMC
common control channel processing unit 740: shared control channel
BRIRELS GNa 766 Sl Eh AP oE QbR FEL hddieg to an
eotioldlingeuntt 25172€hé45 ré2eafrannel cedind onit 724, 744, 764: data

modulatj nit, £26; 146, 74 .datas ' Nit . 745,
informaﬁ%vigﬁ lijr%t %76§:gp|)10év€§?g§r§t‘ro lﬁ%ﬁ?ﬁ gEE* (}%&%‘%@H’lg an
SARRYIRGYOUE TRE IRVERTION RitaYResmduIreerg bpwhEprexehd evable
Vyantisn, ,th@CS'lﬁ,”'N‘RiQQnQH'QrUQWPéﬁ?@ FRNMEYCHBIse ratios;
opponents is evaluated for each frequency block. asedélei) onthe _
evaluatibrbnedf mbre @orﬁﬁﬂﬁ@ﬁﬁb%p&ﬁ&f?%re‘ & 2k 3
Eastphadylatsssoyame st detErmieso deeandmbarkbe evaluated

channelicpadition, §hen,a anitel Shaphig Seperapdordndialing 15
5 determined modulation' schemg and one or more frequency blocks
hvARER ksahe Beheiicdmivmalicaifgl bsovkAidad rEesaudtg BdPcks;

Hegcontrol channel and

FIG. 39 is another diagram illustrating exemplary
transmission power levels of individual resource blocks.

LIST OF REFERENCE SYMBOLS

10: base station

11, 12: terminal

702: radio resource assignment unit

704: inverse fTast Fourier transform unit
706: guard interval insertion unit

720: common control channel processing unit
740: shared control channel processing unit
760: shared data channel processing unit
761: packet scheduling unit

722, 742, 762: channel coding unit

724, 744, 764: data modulation unit

726, 746, 747, 766: data spreading unit
745: control information division unit

768: power control unit

BEST MODE FOR CARRYING OUT THE INVENTION
In one embodiment of the present invention, the

channel condition on each of plural communicating
opponents is evaluated for each frequency block. Based
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a data channel modulated in accordance with the determined modulation
scheme are provided or transmitted 10 to the selected communicating
opponents. The modulation scheme is allowed to be identified with a
lesser number of bits, resulting in a considerable influence on data
transmission efficiency. As a result, it is possible to transmit control
information to a mobile station 15 efficiently and thus further improve

HRAYENSY NHIYIOR FHIFIENGH &N B FOMBTEIGEHRMBYFIRB 8h %585 Bonents
wider frequency band for packet scheduling and AMC control. The
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ation 'scheme and encoded at annel coding rate, may
gebrIEd bh eahsimded The@Ramsd e0@ng Rle PR B 2D adterfinegiuency
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frequen lﬂock.Fronwthe\ﬂemggﬂntofcontoI implification Jhe channe

2b ﬁ’d‘%&ﬁnaﬂers“é%'é’&ni AhIaR W HurGhhte cmé&e.eh and
dhel eseaoce sathatdlle clvaothn&bI0ecbding raed@e dessdeflueadehort ata

HBRMAIAN &WQEW&%%W@&;WQ&%%‘% BRI 83 1% nsmi tted

receiving a transmission reque_st orc rom'a communicating opponen .
Faythe prlacd fraGRNBMMEE 3k RaRARGI RSans hag Tedulation

EtrRapait fatiNFesRANSE 40 BeeTARSMSFILEINeth TAel esser number

ISSi f data to the ret i { b
(o138 Bierol SR EAANERLD bibckONS A ARURUILE AAdHAIEN Ecmifi s ta

t ahisracsiei eacle Fdueneybigck. Arsrecaresstidrt codibgirsepps®ible to
PN EHNPE B i PPE TIPS AL oS! Shanny iy Redyeyder
efficiently and thus further improve frequency
utilization efficiency In a communication system that
uses a wider frequency band for packet scheduling and
AMC control.

The channel coding rate may be determined depending
on the channel condition for each frequency block. Also,
a data channel and a control channel, which have been
modulated 1n accordance with the determined modulation
scheme and encoded at the channel coding rate, may be
provided or transmitted. The channel coding rate may be
determined for each frequency block. As a result, AMC
can be carried out for each frequency block.

From the viewpoint of control simplification, the
channel coding rate may be set to a uniform value over
plural frequency blocks. The reason is that the channel
coding rate has less influence on data transmission
efficiency than modulation level.

Reception means for receiving a transmission
request for data from a communicating opponent may be
provided iIn a transmitter, and transmission means may
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for hybrid ARQ. The error correction coding may be performed for the
control channel for each frequency 10 block from the viewpoint of reduced
error occurrence. Among control channels, control information on a
physical layer and control information on some layers above the physical
layer may be error correction encoded separately. 15 In order to address
some problems such as that a communicating opponent may perform

Fes¥ighls rﬁ’i’%f%ﬂ?ﬂa"‘ﬁﬁwﬁét%?b/m daladppasdied dioantine Sppsmissiillest
means may include an error detection code for control information. An
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infarmatiemios theqrhy sieg) Uayet andyts bipperdayer sepasatelyfiFirsieach

i ] Al h systems ing th rtho | -
Eg%ggncyggi\?smgl\%ultip%%ir:\%)?s%:%%mg 1n%r§fd€)6%n %lgéaskgs ?&ugséa EH ol is
acdniengstihent peasehtelimRivwe ey plekestknvention may be applied

to other EHSArHRy r YRR §ioty SEIB MgMifeutink frrsiHeRynbang error

B e a0 e (o R R L B e

€mbodthiyienttiatyit@ral siheargarsare ioouaetib eanh eguiamgy nlagk.be

| b
BT S e I T Rerfid o0 A FE I bath Ppredi@ncy
BdHGHdE 8fralidee YRR EIE 70shokie dURASIMRIEF PAD AokNENCe -

RBRPEBANE AR BIPSENE BINEHIN- I dianantiiieh dasphysical
E/gical %rovided in a bgse.station of a_mobile 5 commuriication system
cr

X&éy B iR bR R T B Ay B8 priitfedlifYiHer @bove the
pppesataads. Kawe staved/speeifieallypir iscEssinmaed thana easostatibn

gg%g;rglggqi)t}gr may be used equivalently hereinafter.

In order to address some problems such as that a
communicating opponent may perform unsuitable operation
inadvertently, data transmitted from the transmission
means may include an error detection code for control
information. An error detection code may be attached to
two types of control information for the physical layer
and its upper layer separately.

[First Embodiment]

Although systems adopting the OFDM (Orthogonal
Frequency Division Multiplexing) scheme in the downlink
are focused on In an embodiment presented below, the
present invention may be applied to other multicarrier
types of systems. A wide downlink frequency band may be
divided into plural frequency blocks. A single
frequency block may generally include one or more
carriers. |1t i1s assumed in this embodiment that plural
subcarriers are included in each frequency block. Such
a frequency block may be also referred to as a resource
block or a chunk. A frequency block or a chunk may be
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In FIG. 7 illustrating a portion of the transmitter 700, 10 a common control
channel processing unit 720, a shared control channel processing unit
740, a shared data channel processing unit 760, a radio resource
assignment unit 702, an inverse Fourier transform unit 704 and a guard
interval processing unit 706 are illustrated. 15 The common control
channel processing unit 720 conducts channel encoding, modulation and

sR'eading fqi PSR BRIt oObPapaels o Feaser sede!
channel includes certain information such as a base station scramble

code. 26 e sHardd O8froRcHERABSRAdELSihg (AP 786 CBRGLRY to one
emtmidmn m@dulaﬂbntami ypressingtion trapsnuikiog shafdeecobtralnsmi tter

finels- Ashprediarptl h3nslingludes gedaindaiaimalionsc aRoni e
uling “informatio r a mobile station to emo ate a shared
@@mwanﬂ@m@moﬁmnﬁﬁl dhamedl phrdsdiy dhidoemeredsnent,

B¢Rael ﬁ%ﬁPdH@ %FJ@?@@M@ Mosiagien 652@ﬁﬂ%é§preaﬂﬁgnot
unit 726, Also, th_eﬁharef control channel processing unit 740 includes a
ha 8&%&!

e SRk P>, d fathSnGRrktBRdnk 34 aftgRase station
apreadingnanitsi bt Teacheoneb enosa aqlmlmlaemlﬂlﬂfy drepaed nafter.

Supply@ﬂ eI mﬁﬁtﬁaf‘fr“ﬁl@%’i‘ @'gppgﬁ%ﬁ,qqter 700,

e encoded SI anne enco ng units
éx&rﬁﬂl@%rﬁ@lﬂﬁd’r@ dm;amaﬂe RIRE6SSd. THheldidmbadatiéh shared

HBIBLIZG IRNEAA e U dreoginpsianaianieupply the Bpddagdta
ﬁ?eals IriS 5 the%%gg%oﬁqlﬁ;fn LZ#Q f%$x?a;ioée Fg%oénﬁ? modulation ment
e d dut pre ld unfis%28 498
dnd tpréd incamingnsignadeamsuppythd resokifig signale.it 704 and a
guard interval processing unit 706 are i1llustrated.

The common control channel processing unit 720
conducts channel encoding, modulation and spreading for
transmitting shared control channels. A shared control
channel includes certain information such as a base
station scramble code.

The shared control channel processing unit 740
conducts encoding, modulation and spreading for
transmitting shared control channels. A shared control
channel includes certain information such as scheduling
information for a mobile station to demodulate a shared
data channel.

The common control channel processing unit 720
includes a channel encoding unit 722, a data modulation
unit 724 and a spreading unit 726. Also, the shared
control channel processing unit 740 includes a channel
encoding unit 742, a data modulation unit 744 and a
spreading unit 746.

The channel encoding units 722 and 742 encode
incoming signals 1In accordance with a certain coding
algorithm and supply the encoded signals. In the channel
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The shared data channel processing unit 760 10 conducts packet
scheduling as well as channel encoding, modulation and spreading on
shared data channels (transmitted data). The shared data channel
processing unit 760 includes a packet scheduling unit 761, a data
modulation unit 764 and a spreading unit 766. 15 The packet scheduling
unit 761 receives individual data items to be transmitted to one or more

BBt PRYONH PRd ScRefulesdhif SRR rsAURSAMIPSAd €8 dfi?ﬁ@#}ﬁg&y be

information and others supplied from the respective mobile stations.
82344 62 89nsmitted 20 to the mobile stations are received from upper
devicesTorenetlaarks otbduthart & base sidtan, 20d asengkpardelyhstiudd te

e e B T e el Silrs. 1
kastetianrg@adiaiboie dids arfiafeC@nio kpresonel aodilation

Bdhisradodimant ddegrasket sahedylinguitrfdd evalyates the
channel_condition foér@ach mobile station basegdon the channelaguallt

indicaton BOI RRBREABHA 1B hobild S6rih hnd 48168k BGAGLIEN Comi ng
stgord)svitmaD ahetel shabhel aoesitidrt Psgtatddhelds, the channel

lity iRgdjcat | ied il [ f

och e SR U CHARAY e THeRs b PPt 0
geReHirdSard/IvmELISE IRds I dnebes of & ModfatdredtRethesdhead ing ,
mmugrbq?ti]ﬂm rf]aﬁ‘d 1|% pqi_iwmﬂ@tng;wco&;qwﬁlﬁﬁafmn?iaﬁ% Is

ased on channe Ity 1Indicato)s Su led rom _

e RE Saths T e Shanes Adfaccaatnlcprocessing
acdjtdé_rﬁ:@ V\i_frncaluadlesasallmateel_ﬁn §cFI1|©d21 Nm_thm;ietkéﬁl , a data
FRNE YOI T Fendueks sRerationsASSAdiAlRg Wi PRckRSe

retransmission based on the feedback infol nformation items _  _
such asT6&ePRE kbirGhaidHd MOMmed kudfbér sageives individual

data items to be transmitted to one or more mobile
stations, and schedules the data transmission based on
feedback information and others supplied from the
respective mobile stations. The data to be transmitted
to the mobile stations are received from upper devices
or networks other than a base station, and are separately
stored 1n a transmission buffer (not shown) for the
respective mobile stations. The feedback information
includes a channel quality indicator (CQl) measured 1In
each mobile station, and the CQIl is represented as SIR
in this embodiment. The packet scheduling unit 761
evaluates the channel condition for each mobile station
based on the channel quality indicator CQI reported from
the mobile station, and selects a mobile station(s) with
a better channel condition. As stated below, the channel
quality indicators CQIls supplied from mobile stations
are reported for each frequency block (or chunk). The
packet scheduling unit 761 determines a combination (MCS
number) of a modulation scheme and a channel coding rate
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retransmission control information are supplied as 10 control information
to the shared control channel processing unit 740. Data to be transmitted
to the selected mobile stations are supplied as transmitted data to the
channel encoding unit 762. The channel encoding unit 762 encodes
incoming 15 signals in accordance with a certain coding algorithm, and
supplies the encoded signals. In the channel encoding unit, for example,

BERG-8RG99ME TRy 88 @HiRdI 9k 188 €31 PRAYRIYSith Bhsed on the

modulates incoming 20 signals and supplies the modulated sifnals. In the

g8aNR6dulSitA lhityof BthGAE AaFo bt SesSat Rt o It RehbS
peclpascRA K, A and 64@AbImsay b& neediJHe sprepding may 76@
SRERINRRURNG P ANASINL SURPIE 1P SPead PNl PRI iR ed in
resource assignment unit mu |plexes sighals sprea for a common

Ediéirol 2hanrel SOshaktdre coaed ekasrnesdd ERgret AA® ofdhnsignducts

guBrh s BukiBlssiey SayPe Periedh iR ROGUIIER WMNsADOI based
time_multiplexing, frequency multiplexing and code 30 multiplexing and
AR bhGLRERaDACk kR BRESAD LrohiEny BAL MUNASEPopUCh as

sed sigrtadsl Imthisi lleststiat,i'channethE' andSchrumblei?” aeyalesent
I t h
R o IR B Bl ot £ BRI g

terdi ol ARy akterighalsthe Isahe thutiprke® Fichannel

phAEeEMMANY figauensy Multindpdn o twe sigpalpsAictitléd 180 the

FERRE A IPAOE S VARIGHED it aHBON EQuerEh AL b el data

toa tdhremoh aconed! chaeae, inshavedi donfréPchannel and a shared

data channel rUgRsPME USRI LA e P8® encodes incoming
signals In accordance with a certain coding algorithm,
and supplies the encoded signals. 1In the channel
encoding unit, for example, turbo encoding may be carried
out.

The data modulation unit 764 modulates incoming
signals and supplies the modulated signals. 1In the data
modulation unit, for example, various types of modulation
schemes such as QPSK, 16QAM and 64QAM may be used.

The spreading unit 766 spreads incoming signals and
supplies the spread signals.

The radio resource assignment unit 702 multiplexes
signals spread for a common control channel, a shared
control channel and a shared data channel for output.
This multiplexing may be carried out in accordance with
any of time multiplexing, frequency multiplexing and code
multiplexing and any combination thereof. FIG. 8 shows
exemplary time multiplexing of two signals. 1In this
illustration, “channel #1” and “channel #2” represent
any two of a common control channel, a shared control
channel and a shared data channel. Although
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resource assignment unit 702 of FIG. 7. 10 The inverse Fourier transform
unit 704 conducts inverse fast Fourier transform ( IFFT) on incoming
signals for modulation in accordance with the OFDM scheme, and
supplies the modulated signals. The guard interval processing unit 706
adds a guard 15 interval to an incoming signal, and generates a symbol
in compliance with the OFDM scheme (OFDM symbol) for output. The

RFPM pIeka FP?U(E’P“%/T@ RGP (fQ AW ded8 therein for

transmissiqn. 11 is a schematic diagram for, explalnrlﬂg an 20
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e G‘@ﬁ fﬂgtnﬂ‘ dheiMBTtratiende alegyjop g2k §paurgY ek common

AS state , such a time slot may consist o Onﬁ tl‘anSEIISSIOI’] time

hatigh ckBt fHHEEE duRBE TR heifahath S, Shared
d'wtca/etaﬂadm/MmIthemwglhy bamnckis niviceiprite ephyfrdquebbye radio

ploglg yhere or eaghnta & [iRAYENEY PIvEks ipguggsthe same number of

subcarriers. the eight frequency blocks, the channel condition
is monitofed, IOXETBe flegudnts bloﬁkmﬁ@ﬁ@d 1 Btndifid sepiBAucts

Wil @ bstier ganpel Fpieiof rales £84 16 @prmbaétd”ilﬁt@kﬂﬂ i signals
gxemgt %ﬁ ansm|SS|Qn procedurﬁ@ n a base. st ﬁ?ﬁ 121, 5tk(1ae and
0l DT REROL HhrRERRENG oAt E b Rl S GSREE
sopitd statonshandnarciVket € sergivad shannel quality indicators

CQls. The hgingt A4 B PISAPT GRLSLFA G URTPYIES RS guard
interval to an incoming signal, and generates a symbol
in compliance with the OFDM scheme (OFDM symbol) for
output. The OFDM symbol is supplied to a radio unit (not
shown) for radio transmission.

FIG. 11 is a schematic diagram for explaining an
exemplary operation of a transmitter according to one
embodiment of the present invention. As stated above,
a wide downlink frequency band is divided into plural
frequency blocks or chunks. 1In this embodiment, each
frequency block includes plural subcarriers. 1In this
embodiment, radio resources are assigned not only for
each time slot (referred to as “transmission slot” in
the 1llustration) but also for each frequency block. As
stated below, such a time slot may consist of one
transmission time interval (TTl) or any packet time
duration. 1In the illustrated example, the overall
downlink frequency band is divided into eight frequency
blocks where each of the frequency blocks includes the
same number of subcarriers. For each of the eight
frequency blocks, the channel condition is monitored,
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reported for each frequency block. In this case, prior 10 to starting this

flow, the mobile stations measure quality of a received signal such as a

pilot signal, and evaluate the downlink channel condition for each

frequency block. At step 122, it is determined which mobile station 15 has

a better channel condition for each frequency block based on the

reception SIR reported for the frequency block, and a mobile station with
H1ecbqgt eqartign SHE mr@ROEtgddggep%ﬁ%él%is seleeisd iU Beation
frequency block. In addition, a combination (MCS 20 number) of a
WbEDIaRorPSHERE HFRAIANG RBGAS FRE corresponding to the

receptioR IR i4 deteisinedf Ty cletarmirialibo sttha tompiratioe x@yp lary
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Khieobgis thés katidiatioh SERdNE haied e dramiel Fdry chiah fregitancg CQls

¥lrskiag plated el @ underin ehaspale GG, ratgynay ke I'§e£bf§r the
lural frequency blocks. At step S123_of FIG. 12A, a common control
BRSH Y Sel el an B Uk hEVar kS AR5 S a i el ald Sochanne

gereldtey. Thede gaterasorS@ls cavedh oatsn tregegdecove rbBeassage

P 1Pe 4448 BRI ﬂ%c{u&%&”ﬁﬁg@{?spﬁﬁ{”ﬁ? angelgdo prior
not have fo be "generated simultaneously in this step. The shared™ contr
ERarmERE GRS aed basdd o sorkfeinfiriddeh SAAbpREtSioiRaRUre

AP 291G i TSRV LTRSS . anc
some information mQner efc.) re re O demaQdula e shar
el A B e o el er e ot 1
ﬁleﬁwderﬂm]e@ holche describe_d below. _At step S_124 in F_IG. 12A, an

OFDM sypncp s panssateq This genesaiipp R EXTRAGVYE Wtation

radio resource assignment unit 702, the IFFT unit 704 and the
has a better channel condition for each frequency block

based on the reception SIR reported for the frequency
block, and a mobile station with the best reception SIR
in the reported reception SIRs is selected for the
frequency block. 1In addition, a combination (MCS
number) of a modulation scheme and a channel coding rate
corresponding to the reception SIR i1s determined. This
determination of the combination may be made for each
frequency block. These steps S121 and S122 are mainly
carried out in the packet scheduling unit 761 of FIG.
7. Although the modulation scheme may be determined for
each frequency block as stated below, a uniform channel
coding rate may be used for plural frequency blocks.
At step S123 of FIG. 12A, a common control channel,
a shared control channel and a shared data channel are
generated. These generations are carried out in the
respective processing units 720, 740 and 760 in FIG. 7.
Note that the respective channels do not have to be
generated simultaneously In this step. The shared
control channel 1s generated based on control information
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guard interval insertion unit 706. 10 At step S125 in FIG. 12A, for the
selected mobile station at step S122, downlink data transmission is
carried out in one or more frequency blocks in accordance with the
determined MCS number. FIG. 12B is a flowchart for explaining
exemplary 15 detailed operations of the steps S123 and S124 in FIG.
12A. At step S1, an error detection bit is added to a sequence of

{eidF R AN eIEET A RE/NFY FRECK RRCY B ISRMdesc . 7.

|n t illustration, ather correction detection bits may be added. 20 At step
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Ing rate may be mo at this step At step S4, in assignment to a

physicafdhapkelP 13%RE edtbdebEymbdhis a %néd%r%adreﬁécﬁ@nwbl le
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ass fft unjt Z02 in FIG. 7. By frequenc schedu!r?g tis determined
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performed for each frequency

detalled operatlons of the steps S123 and S124 in FIG.
12A. At step S1, an error detection bit is added to a
sequence of transmitted data. Although a cyclic
redundancy check (CRC) bit is added in the illustration,
other correction detection bits may be added.

At step S2, channel encoding is performed. As
stated above, the channel encoding i1s carried out In the
channel encoding units 722, 742 and 762 in FIG. 7, and
particularly, the channel encoding for data channels is
carried out in the channel encoding unit 762.

At step S3, some operation involved in hybrid ARQ
iIs performed. More specifically, an information item is
generated for indicating whether a transmitted packet
IS either a packet to be retransmitted or a new packet,
and additionally, other information items may be
generated for identifying the redundancy version of a
retransmitted packet. This redundancy version can be
modified through puncturing or repetition. Also, the
channel coding rate may be modified at this step.

At step S4, in assignment to a physical channel,
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block. Subsequently, some operation (not shown) is 10 carried out for
radio transmission of the transmission symbol. In the illustration of FIG.
12B, one modulation scheme is determined for each frequency block, and
different transmission rates suitable for the respective 15 frequency blocks
may be set. Thus, the illustrated operation is preferred from the viewpoint
of improved transmission throughput. In the illustration in FIG. 12C, the

i8S & @éda@gfﬁ% SAMPLRELIYNACF FBAERPFPaLRIEM &) Bl ock .

is uniformly carried out over some frequency hlocks. At step S5', a uniform
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9150 BaR
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ncew; che, ill ted I FIGS a in -
S s B e ST e b oty (AL TEROaY" is
amElehefleQuithcy Blocka @R tH tfdeake). Inthd MastkiRAFMIssion
g}ﬁng{“ user #1 is selected for a certain transmission slot of frequency

blo

ck # inclgLi(]:iing_titi lowest subcarrier, a ser #2 is selected 5 for the .
t.

next trardmi&Sién 4| "I‘ﬁiyfr?e'éhg?na?ﬁs r#1-h e bBGCHLRSEY Tation
saritition il thededtenamsmisdiol aafoted thie flegeguoyritocklahd aker #nd

8356 L&A PPAPR AUV R AL HITIHIRC RSP RY respective
frequency blocks may be set. Thus, the illustrated
operation is preferred from the viewpoint of improved
transmission throughput.

In the illustration in FIG. 12C, the steps S1 to
S4 are the same as those i1n FIG. 12B except that step
S5” is uniformly carried out over some frequency blocks.
At step S5°, a uniform modulation scheme i1s determined
for all frequency blocks. More generally, such auniform
modulation scheme may be determined for plural frequency
blocks. In the case where such a uniform modulation
scheme is used for plural frequency blocks, it is possible
to reduce the number of control bits (information amount)
required to report the modulation scheme to the receiver
side compared to the case of FIG. 12B.

As 1llustrated in FIG. 12D, not only the modulation
scheme but also the channel coding rate may be determined
for each frequency block. Note that signal transmission
may preferably be carried out in accordance with any of
the schemes i1llustrated 1n FIGS. 12B and 12C in order
to simplify the associated operation and encode data for
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determining a mobile station with the best channel 10 condition for each
transmission slot in each frequency block and performing data
transmission adaptively in accordance with a modulation suitable for the
mobile station, efficient utilization of a wide frequency band is achieved.
15 FIG. 13 shows primary items of control information supplied to the
shared control channel processing unit 740 by the packet scheduling unit
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FIG. 13 shows primary items of control information
supplied to the shared control channel processing unit
740 by the packet scheduling unit 761 in FIG. 7 in detail.
As illustrated in the leftmost column “FIELD NAMES” in
the 1l lustration, the control information includes chunk
allocation information, modulation scheme information,
coding rate information, hybrid ARQ process information,
redundancy version, packet status information and UE
identity.

The chunk allocation information specifies what
frequency block is assigned for which mobile station
(user). The number of frequency blocks assigned for a
certainmobile station (user) may be determined depending
on a requested data rate, and may be greater than or equal
to 1 in general. 1In the illustration in FIG. 11, user
#1 is assigned to two frequency blocks #1 and #4 in the
first transmission slot, and each of user #2 to user #6
and user #8 1s assigned to one frequency block. 1In the
subsequent transmission slot, each user is assigned to
one frequency block. Such assignment to frequency
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and is identified by the MCS number. Here, various types 10 of multilevel
modulation schemes such as QPSK, 16QAM, 64QAM and 128QAM may
be employed. This information belongs to control information for the
physical layer. The information is preferably reported to mobile stations
for each frequency block, but may be reported for plural 15 frequency
blocks. The coding rate information specifies channel coding rates for use
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frequency blocks.

The coding rate information specifies channel
coding rates for use in downlink data transmission, and
may be identified by the MCS number. For example, the
channel coding rate may be specified by a multiple such
as 1/8 = 0.125. This information belongs to control
information for the layer 2 above the physical layer.
The channel coding rate may be managed for each modulation
scheme as well as for each frequency block, and may be
reported to mobile stations for each frequency block.
On the other hand, the channel coding rate may be managed
apart from the modulation scheme, and a uniform channel
coding rate may be employed over plural frequency blocks.
In FIG. 13, “REQUIRED” of the rightmost column
corresponds to the former case, whereas “NOT REQUIRED”
corresponds to the latter case.

The hybrid ARQ process information specifies a
packet number associated with retransmission control.
This information belongs to control information for the
layer 2. A packet may be retransmitted for each
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information belongs to control information for the layer 10 2. Similar to the
hybrid ARQ process information, redundancy data may be transmitted for
each frequency block. Alternatively, the redundancy data may be
transmitted for each transmission slot without distinguishing between
different frequency blocks. In 15 FIG. 13, "REQUIRED" of the rightmost
column corresponds to the former case, whereas "NOT REQUIRED"
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B?g?inguishing between different frequency blocks. In
FIG. 13, “REQUIRED” of the rightmost column corresponds
to the former case, whereas “NOT REQUIRED” corresponds
to the latter case.

The packet status information specifies whether a
packet transmitted from a base station to amobile station
iIs a newly transmitted packet (new packet) or a
retransmitted packet. This 1nformation belongs to
control information for the layer 2. A packet may be
retransmitted for each frequency block 1n accordance with
the hybrid ARQ. Alternatively, i1t may be retransmitted
for each transmission slot without distinguishing
between different frequency blocks. 1In FIG. 13,
“REQUIRED” of the rightmost column corresponds to the
former case, whereas “NOT REQUIRED” corresponds to the
latter case.

The UE identity identifies which mobile station or
user receives data transmitted in the downlink, and is
also called a user identifier or identification
information. This information belongs to control
information for the physical layer. Similar to the chunk
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same as the frequency block range. In configuration 2, 10 the control
channel is mapped in the overall frequency range in a certain time
duration. In configuration 3, the mappings of configurations 1 and 2 are
combined. In the configuration 3, the control channel is mapped to
certain frequency ranges over a certain time duration. 15 In general, as
the control channel is more widely mapped in the frequency direction,
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the other channels may be mu xed in various schemes  _
In general, as the control channel is more widely mapped

in the frequency direction, frequency diversity has more
advantage, which is desirable from the viewpoint of
improvement of reception quality of signals.

In configuration 4, the control channel i1s mapped
to every frequency block in the downlink physical channel.
The control channel may have a variable data size
depending on the number of users or the number of
frequency blocks. So, i1f all channels are mapped in
accordance with the configuration 2, the control channel
occupies variable duration, which may complicate
demodulation. By combining the configuration 2 with the
configuration 4, for example, control channels
associated with all frequency blocks (unspecified
control channels) are mapped to the entire frequency
range as in the configuration 2, and thereby a control
channel specific to a certain frequency block (specified
control channel) only can be mapped to the frequency block.
As a result, the efficiency and quality of demodulation
of the control channels is improved. 1In order to map a
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including single time multiplexing, frequency 10 multiplexing or code
multiplexing or any combination thereof. In addition, the multiplexing is
not limited to the control channel and the other channels, and may be
performed on any channels. For example, in case of multiplexing of data
channels for individual users, 15 various modulation schemes may be
employed. As one example, each of plural users may be assigned to one
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various modulation schemes may be employed. As one
example, each of plural users may be assigned to one or
more frequency blocks, and the modulation scheme may be
determined in such a manner as illustrated in FIG. 12B.
In the example 1llustrated in FIG. 15B, each of four users
may be assigned to a frequency block, and different
modulation schemes may be set for each of the frequency
blocks. Alternatively, a uniform modulation scheme may
be determined over plural frequency blocks as illustrated
in FIG. 12 C. The multiplexing in the frequency
direction as illustrated in FIG. 15B is referred to as
a localized frequency division multiplexing (localized
FDM) scheme due to a certain band being occupied by a
certain user. On the other hand, a scheme for
distributing a channel associated with a certain user
over awideband is referred to as adistributed FDM scheme.
In the latter scheme, each channel includes plural
frequency components (subcarrier components) assigned
in a uniform or non-uniform iInterval on the frequency
axis, and different channels are made orthogonal with
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smaller frequency units. Thus, according to the 10 multiplexing as
illustrated in FIG. 15C, a modulation scheme may be determined for each
subcatrrier. Even if the modulation scheme is determined in such a
smaller unit, however, it is estimated that the throughput cannot be so
much improved. Also, since additional control 15 channels for identifying
all of them are required, there is a risk of increasing the processing
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encodings are separately carried out, this scheme is advantageous
channels for 1dentifying all of them are required, there
Is a risk of Increasing the processing workload and the
amount of control information. On the other hand,
according to the distributed FDM, the frequency diversity
has more advantage, and thus improved signal quality can
be expected. Therefore, iIn the case of the distributed
FDM, 1t i1s desirable that the modulation scheme and the
channel coding rate be uniformly determined over all
subcarriers, resulting in a reduced amount of control
information.

FIG. 16 shows exemplary error detection encoding
on a control channel. The error detection encoding may
be carried out, for example, with the use of cyclic
redundancy check CRC code. The error detection encoding
makes it possible to prevent a user from demodulating
data for another user and performing erroneous
retransmission control, for example. 1In the
illustration in FIG. 16A, control information for
physical layer and control information for the upper
layer 2 are separately error detection encoded. It is
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due to reduced overhead. Preferably, they are error 10 detection encoded
separately to improve error detection capability and fulfill a smaller
retransmission unit as illustrated in FIG. 16A. FIG. 17 shows exemplary
error correction encoding on control information. The error correction
encoding 15 may be carried, for example, by use of convolution
encoding. The error correction encoding may improve tolerance over
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may be carried, for example, by use of convolution

encoding. The error correction encoding may Improve
tolerance over multipath fading, for example. 1In the
illustration in FIG. 17A, the control information for
the physical layer and the control information for the
upper layer 2 are error correction encoded separately.
In the 1llustration in FIG. 17B, the control information
for the physical layer and the control information for
the upper layer 2 are error correction encoded together.
In other words, error correction encoding is performed
on the overall control information. This is desirable
from the viewpoint of reduced overhead. In addition, the
error correction capability (encoding gain) 1is
advantageous to the case (B) of a longer coding unit.
However, such a longer coding unit may cause chaining
of a bit error to subsequent bits. 1In other words, the
longer coding unit may tend to iIncrease the error
occurrence probability. |In fact, the coding unit may be
determined by balancing these characteristics.

FIG. 18 shows an exemplary table for listing various
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utilized most efficiently, resulting in extremely 10 efficient data
transmission. However, many of the control information items listed in
FIG. 13 have to be managed for each frequency block, resulting in
considerably increasing the overhead. More specifically, all of modulation
scheme information, 15 coding rate information, hybrid ARQ process
information, redundancy version and packet status information are
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coding rate information, hybrid ARQ process information,

redundancy version and packet status information are
reported to mobile stations for each frequency block.
In the column “CHARACTERISTICS” in the table, the
symbol double circle “©” indicates that the data
transmission is extremely efficient. The symbol circle
“O” indicates that the data transmission is very
efficient. The symbol triangle “A” indicates that the
data transmission i1s moderately efficient. The symbol
cross “X” indicates that the data transmission 1is
inefficient. Also in the column “OVERHEAD” in the table,
the symbol double circle “©” indicates that the overhead
is very low. The symbol circle “O” indicates that the
overhead i1s low. The symbol triangle “A” indicates that
the overhead is high. The symbol cross “X” indicates
that the overhead is very high. Note that the symbols
used herein simply indicate tendency of relative merits
and the availability is not necessarily determined.
In the method 2, the frequency range based packet
scheduling, the data modulation and the hybrid ARQ are
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managed for each frequency block. More specifically, 10 the modulation
scheme information, the hybrid ARQ process information, the redundancy
version and the packet status information are reported to mobile stations
for each frequency block, whereas a uniform coding rate information over
all frequency blocks is reported. 15 In the method 3, the frequency range
based packet scheduling, the data modulation and the hybrid ARQ are
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In the method 3, the frequency range based packet
scheduling, the data modulation and the hybrid ARQ are
controlled for each frequency block, whereas the channel
coding rate is controlled for each packet. The length
(duration) of a packet may be a relative amount defined
in an upper network, for example, it may or may not be
the same as absolute unit time (TTI) specific to a system.
In the method 3, only the channel coding rate is set to
have a uniform value over all frequency blocks. Thus,
the method 3 can also reduce the overhead compared to
the method 1 in that the channel coding rate does not
have to be managed for each frequency block. More
specifically, the modulation scheme information, the
hybrid ARQ process 1nformation, the redundancy version
and the packet status information are reported to mobile
stations for each frequency block, whereas uniform coding
rate information over all frequency blocks i1s reported.
Note that the coding rate information has to be reported
for each packet.

In the method 4, the frequency range based packet
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is preferable from the viewpoint of improvement of the 10 throughput.
More specifically, the modulation scheme information and the coding rate
information are reported to mobile stations for each frequency block,
whereas the hybrid ARQ process information, the redundancy version
and the packet status information are reported uniformly 15 over all
frequency blocks. Note that information associated with retransmission
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stations for each
over aII frequency blocks. Note that information

associated with retransmission control has to be reported
for each packet.

In the method 5, the frequency range based packet
scheduling and the data modulation are controlled for
each frequency block, the channel coding is controlled
for each transmission time interval, and the hybrid ARQ
iIs controlled for each packet. 1In other words, the
channel coding rate and retransmission are controlled
without distinguishing between different frequency
blocks, resulting in reduced overhead accordingly. More
specifically, the modulation scheme information 1is
reported to mobile stations for each frequency block,
whereas the coding rate information, the hybrid ARQ
process information, the redundancy version and the
packet status information are reported uniformly over
all frequency blocks. Note that information associated
with retransmission control has to be reported for each
packet.

In the method 6, the frequency range based packet
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frequency block, whereas the coding rate information, 10 the hybrid ARQ
process information, the redundancy version and the packet status
information are reported uniformly over all frequency blocks. Note that
some information associated with the coding rate and the retransmission
control has to be reported for each 15 packet. In the method 7, the
frequency range based packet scheduling, the data modulation and the

shegLAPHY aifrorielleddeLanb HGUUaFy RIogkevheseastBi 1ed for

hybrid ARQ is controlled for each transmission time 20 interval Ill. In_other
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In the method 7, the frequency range based packet
scheduling, the data modulation and the channel coding
are controlled for each frequency block, whereas the
hybrid ARQ is controlled for each transmission time
interval TT1. 1In other words, only the retransmission
iIs controlled without distinguishing between different
frequency blocks. The method 7 can reduce overhead in
that the retransmission does not have to be controlled
for each frequency block. Also, since the
retransmission is carried out for each transmission time
interval TTl regardless of the packet length, the
retransmission control can be simplified. More
specifically, the modulation scheme information and the
coding rate information are reported to mobile stations
for each frequency block, whereas the hybrid ARQ process
information, the redundancy version and the packet status
information are reported uniformly over all frequency
blocks. Note that some information associated with the
retransmission control has to be reported for each
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resulting in reduced overhead accordingly. More 10 specifically, the
modulation scheme information is reported to mobile stations for each
frequency block, whereas the coding rate information, the hybrid ARQ
process information, the redundancy version and the packet status
information are reported uniformly over 15 all frequency blocks. Note that
some information associated with the coding rate information and the

f5H2RSMiPSIeR SANY has PrRedeparjediipeach transmission time
interval. In the method 9, the fre(ilﬁncy range based packet 20
t
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all frequency blocks. Note that some information
associated with the coding rate information and the
retransmission control has to be reported for each
transmission time interval.

In the method 9, the frequency range based packet
scheduling and the data modulation are controlled for
each frequency block, the channel coding i1s controlled
for each packet, and the hybrid ARQ is controlled for
each transmission time interval. 1In other words, the
channel coding rate and the retransmission control are
controlled without distinguishing between different
frequency blocks, resulting in reduced overhead
accordingly. More specifically, the modulation scheme
information i1s reported to mobile stations for each
frequency block, whereas the coding rate information,
the hybrid ARQ process information, the redundancy
version and the packet status information are reported
uniformly over all frequency blocks. Note that the
coding rate information has to be reported for each packet
and that some information associated with the
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without distinguishing between different frequency 10 blocks, resulting in
extremely reduced overhead. More specifically, the modulation scheme
information, the coding rate information, the hybrid ARQ process
information, the redundancy version and the packet status information are
reported uniformly over frequency blocks 15 Note that these information
items have to be reported for each transmission time interval Ill. In

FRAYEHeMm VLB ermehAdS b 10 nyuledae wentrdd QuedBeduRiPNeach

schemes (modulation_multilevel) has a strong influence on data
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VST i PO G EePRR B Rt R PR RSBV F FeBTR ncy blocks.
Note that these information items have to be reported
for each transmission time interval TTI.

In conjunction with the methods 1-10, while the
control over modulation schemes (modulation multilevel)
has a strong influence on data transmission efficiency,
throughput or frequency utilization, a lesser amount of
information is required to specify the modulation schemes
compared to the retransmission control information or
others. Thus, the data modulation should be controlled
for each frequency block. By comparing these methods,
on the other hand, we can recognize that the control over
the channel coding rate has little influence over the
data transmission efficiency and overhead
(characteristics). Thus, it Is advantageous to control
the channel coding rate for each transmission time
interval TT1 from the viewpoint of simplified signal
processing. The retransmitted unit of the
retransmission control ARQ has influence on the overhead,
and 1t will be understood that higher overhead leads to
higher data transmission efficiency. On the other hand,
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10 [Second Embodiment] According to the first embodiment, attachment
of CRC bits, the channel coding and the retransmission control are
carried out for only a single data sequence. In the second embodiment,
the attachment of CRC bits, 15 the channel coding and the retransmission
control are carried out for each of plural data sequences. FIG. 20 is a
flowchart (1) illustrating an exemplary transmission procedure according

PoNELTRRAITEIB PE (ROPTESRNt AN EREA A1 ﬁiﬁp SbPHTeNFest 20

transmitted data is divided into plural sequences. The operation on the
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assotiatell. with the retransmission. However, if the size of divided data is
too large in the latter case, a large amount of data may have to be
retransmitted due to occurrence of 33 a slight error. Thus, it is desirable
{h2e § add dean ke enedddl a certain upper bound (predefined threshold)
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G. 20 may not be
the channel coding and the retransmission control are

carried out for each of plural data sequences.

FIG. 20 is a flowchart (1) illustrating an exemplary
transmission procedure according to one embodiment of
the present invention. At step S1, a sequence of
transmitted data is divided into plural sequences. The
operation on the divided sequences i1s performed as in
the flowchart (1) in FIG. 12B. The division of the data
sequence may be carried out, for example, 1In a serial
to parallel (S/P) conversion unit. The division may be
referred to as partition and segmentation. 1In any case,
the size of divided data may be the minimum unit for
retransmission. It isdesirable that the size of divided
data be made smaller from the viewpoint of retransmission
of minimum required information. On the other hand, it
iIs desirable that the size of divided data be made larger
from the viewpoint of reduction In overhead associated
with the retransmission. However, if the size of divided
data 1s too large i1in the latter case, a large amount of
data may have to be retransmitted due to occurrence of
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10 necessarily conducted simultaneously. (If the data size is small, only
one of the left-hand flow and the right-hand flow may be conducted.) At
steps S12 and S22, an error detection bit is attached to each of the
divided transmitted data 15 sequences. The data size of the divided
sequences may or may not be uniform over the sequences. At steps S13
and S23, each of the divided transmission data sequences is channel

hithe chanel cedifg ratp Rl r iRy WA Sl the data
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L JRRESY e ofp! BYMpHEOf FROHYLY POFkH Ot ted data
sequences. The data size of the divided sequences may
or may not be uniform over the sequences.

At steps S13 and S23, each of the divided
transmission data sequences is channel encoded. The
channel coding rate R1 for step S13 and the channel coding
rate for step S23 may be determined independently. Also,
they may be set to be different values or the same value.

At steps S14 and S24, an operation associated with
hybrid ARQ 1s performed on each of the divided transmitted
data sequences. More specifically, some information is
generated for indicating whether a packet to be
transmitted is a retransmitted packet or a new packet.
In addition, some information may be generated for
indicating the redundancy version of the transmitted
packet and others. The redundancy version for step S14
and the redundancy version for step S24 may be determined
independently. Also, they may be set to be different
versions or the same version.

At steps S15 and S25, a physical channel 1s assigned
to each of the divided transmitted data sequences, and
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10 respective sequences. Subsequently, some operation (not shown) is
conducted for radio transmission of the transmission symbol. In the
illustration in FIG. 20, since a modulation scheme is determined for each
divided sequence for each 15 frequency block, the transmission rate is
set to have a value suitable for each frequency block. Thus, the illustrated
exemplary operation is preferable from the viewpoint of improved

HANYREY A Hrayeipel FiG: 2sis pdlonghad (Dl rregakAly block.

exemplary transmission procedure. This flowchart is the same as FIG. 20
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transmitted data independently, e same modulation"scheme is i
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(awaveshdiiergnt s 10y latione s @ MBS maakr aPRlied AsAifeeibn of the
frequency 5 blocks. Since the same modulation scheme is applied to

EIYJ it~ E&E?BIO@NQ ? possible to reduce the number of control bits
requiredito repert iHd msdutationoscheme Idsthe2@ceisdmside. & IGod8 kation

adpwrhar QGUIAH%&Y for each divided sequence for each
frequency block, the transmission rate is set to have
a value suitable for each frequency block. Thus, the
illustrated exemplary operation is preferable from the
viewpoint of improved transmission throughput.

FIG. 21 1s a flowchart (1) i1llustrating an
exemplary transmission procedure. This flowchart is the
same as FIG. 20 except for step 3. 1In the illustration,
the two divided transmitted data sequences are separately
channel encoded, but the respective channel coding rates
are set to have a uniform value (R1=R2). Since the same
channel coding rate is used for the respective sequences,
It is possible to reduce the number of control bits
required to report the channel coding rate to the receiver
side.

FIG. 22 is another flowchart (2) illustrating a
transmission procedure. The operation subsequent to
division at step S1 is the same as the flowchart (2) iIn
FIG. 12C. This flow is the same as the flow in FIG. 20
except for steps S16” and S26°. 1In the illustration,
modulation schemes are determined for two divided
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10 exemplary transmission procedure. This flow is the same as the flow
in FIG. 22 except for step S3. In the illustration, channel coding is
performed on the two divided sequences of transmitted data separately,
but the same channel coding rate is set for them (R1=R2). 15 Also, the
same modulation scheme is applied to the same data sequence. Since
the same channel coding rate is applied to the different sequences and
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examhd§ markhasstoniiediurb raeesherfion $idsedlibattdihethe same
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dn eacelegegaebods Irndrdémansmpltfy ¢t aetationapd dadaky , but
e 'eRAvidual Tirdy e RAaR S PR NG IMarechPok A (R1=R2).
RT!%? gh%'ggﬂglﬁggafgl?gﬁwggﬁg%Q iseapplied to the same
data sequence. Since the same channel coding rate is
applied to the different sequences and the same
modulation scheme is applied to plural frequency blocks,
It is possible to reduce the number of control bits
required to report the channel coding rate and the
modulation scheme to the receiver side.

FIG. 24 is another flowchart (2)” illustrating an
exemplary transmission procedure. This flow is the same
as the flow in FIG. 23 except for step S6. In the
illustration, channel coding is performed on the two
divided sequences of transmitted data separately, but
the same channel coding rate is set for them (R1=R2).
Also, the same modulation scheme i1s applied to the data
sequences. Since the same channel coding rate is applied
to different sequences and the same modulation scheme
iIs applied to all frequency blocks, 1t is possible to
further reduce the number of control bits required to
report the channel coding rate and the modulation scheme.

FIG. 25 is another flowchart (3) illustrating an
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10 procedures illustrated in FIGS. 20-24. [Third Embodiment] The division
of a data sequence to be transmitted into plural sequences may be
conducted by means of various 15 products and applications under
various processing environments. In the third embodiment of the present
invention, the data sequence to be transmitted is divided corresponding
to plural reception antennas. FIG. 26 is a flowchart (1) illustrating an

EXERYAN r{P FRENUSHIYSH BFE Iy DRI 10 the g saphogypsent.
Conventionally, a data sequence is finally transmitted from a single
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the case where data transmission is carried out in accordance with a

O 5 multiplex scheme by means of a multi-antenna device with plural
%gsigrﬁngﬁéﬂﬁb%,nflhannel coding rate is set for each of the
transmisSsion antsrimms@ndafmaddiatien selpeanssetrizacitransmitted
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Improved through 10 FIG. 27 1S another art (2) illustrating an

products and applications under various processing
environments. In the third embodiment of the present
invention, the data sequence to be transmitted is divided
corresponding to plural reception antennas.

FIG. 26 1s a flowchart (1) illustrating an exemplary
transmission procedure according to the third embodiment.
Conventionally, a data sequence i1s finally transmitted
from a single transmission antenna. According to the
illustration in FIG. 26, divided data sequences are
transmitted from different transmission antennas #1 and
#2. Similar to the case of FIG. 20, the number of divided
sequences may be set to be an arbitrary value, that is,
any number of transmission antennas may be provided. 1In
addition, the operation associated with a single
transmission antenna (for example, transmission antenna
#1) in FIG. 26 may be replaced with any of the operations
described in conjunction with FIGS. 20-25. 1In other
words, a data sequence transmitted from a single
transmission antenna may be divided into plural data
sequences. In this case, such a data sequence to be
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exemplary transmission procedure. This flow is the same as the flow in
FIG. 22 except that divided different data sequences are transmitted from
the different transmission antennas #1 and #2. In the illustration, 15 for
data transmitted from the same transmission antenna, the same
modulation scheme is applied to plural frequency blocks (all frequency
blocks in the illustration). Thus, it is possible to reduce the number of
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FAaYR YL 3YRMATARTEUNG {0 and #2. In the illustration,
for data transmitted from the same transmission antenna,
the same modulation scheme i1s applied to plural frequency
blocks (all frequency blocks in the illustration). Thus
It Is possible to reduce the number of control bits
required to report the modulation scheme to the receiver
side. Since this reducing advantage grows
proportionately to the number of transmission antennas,
the number of control bits may be further significantly
reduced compared to the second embodiment.

FIG. 28 is another flowchart (3) illustrating an
exemplary transmission procedure. This flow is the same
as the flow in FIG. 25 except that divided different data
sequences are transmitted from different transmission
antennas #1 and #2.

[Fourth Embodiment]

Similar to the third embodiment, the fourth
embodiment of the present invention also relates to the
multi-antennas scheme.

FIG. 29 1s a flowchart (1) illustrating an exemplary
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this embodiment, it is possible to reduce the number of control bits
required to report the channel coding rate to the receiver side and provide
the CRC bit. 15 FIG. 30 is a flowchart (2) illustrating an exemplary
transmission procedure. In this flow, the attachment of a CRC bit, the
channel coding and the retransmission control are carried out uniformly
over all transmission antennas as in FIG. 29. However, the same
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FIG. 30 is a flowchart (2) illustrating an exemplary
transmission procedure. |In this flow, the attachment of
a CRC bit, the channel coding and the retransmission
control are carried out uniformly over all transmission
antennas as in FIG. 29. However, the same modulation
scheme i1s applied to data transmitted from the same
transmission antenna regardless of frequency blocks.
Since the same modulation scheme is applied to plural
frequency blocks, 1t 1s possible to reduce the number
of control bits required to report the modulation scheme
to the receiver side.

FIG. 31 1s aflowchart (3) illustrating an exemplary
transmission procedure. 1In this flow, the attachment of
CRC bits, the channel coding and the retransmission
control are carried out uniformly over all transmission
antennas as in FIG. 29. 1In the illustration, the
modulation scheme is not only determined for each
frequency block but also the channel coding rate is
determined for each frequency block.
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efficiency (throughput) can be achieved particularly under the condition
where switching between MCSs is 15 carried out. On the other hand, for
different combinations of modulation schemes and coding schemes,
signal processing (encoding, decoding, modulation, demodulation and
others) also differs at the transmitter side and the 20 receiver side. Thus, if
there are a large number of MCSs, the number of modification times of
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Increase. This is not desirable from the viewpoint of simplification of the
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On the other hand, for different combinations of
modulation schemes and coding schemes, signal processing
(encoding, decoding, modulation, demodulation and
others) also differs at the transmitter side and the
receiver side. Thus, if there are a large number of MCSs,
the number of modification times of signal processing
schemes and computational workload may also increase.
This 1s not desirable from the viewpoint of
simplification of the signal processing (particularly
for simple communication terminals). The fifth
embodiment of the present invention can address the
above-mentioned problem.

FIG. 32 1s a block diagram i1llustrating a
transmitter according to this embodiment. This
transmitter is the same as the transmitter described
above in conjunction with FIG. 7 except that a shared
data channel processing unit 760 in FIG. 32 includes a
power control unit 768. Although some components for
setting transmission power for common control channels
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from mobile stations. The power control unit 768 adjusts the transmission
15 power for data channels based on power control information supplied
from the packet scheduling unit 761. In this embodiment, the combination
of a modulation scheme and a coding scheme for the data channels is
adjusted under the AMC control if needed, and in addition, 20
transmission power for data channels is also controlled. The power
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to the above three types, and may have more of less types. In addition,
HWRsdulabendata channels based on power control
information supplied from the packet schedulingunit 761.
In this embodiment, the combination of a modulation
scheme and a coding scheme for the data channels is
adjusted under the AMC control 1T needed, and in addition,
transmission power for data channels is also controlled.
The power control information includes information for
specifying transmission power of shared data channels
for each resource block (frequency block). The power
control information is determined by the packet
scheduling unit 761. The power control information may
be derived based on a correspondence predetermined
between modulation schemes (or MCSs) and transmission
power levels. Alternatively, the power control
information may be found without use of such a
predetermined correspondence. The power control
information may be updated for each subframe
(or TT1) or may be more or less frequently updated.
FIG. 33 shows an exemplary correspondence available
to the case where the power control information is derived
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scheme and the transmission power may or may not have one-on-one
correspondence to each other. For example, 15 the same transmission
power P1 may be used for both QPSK and 16QAM. FIG. 34 shows an
exemplary correspondence between MCSs and transmission power
levels. The correspondence is not limited to the illustrations in FIGS. 33
and 34, and any other correspondence may be 20 predefined. It is
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the 'same transmission power P1 may be used for both QPSK
and 16QAM. FIG. 34 shows an exemplary correspondence
between MCSs and transmission power levels. The
correspondence i1s not limited to the illustrations in
FIGS. 33 and 34, and any other correspondence may be
predefined. It is sufficient that the transmission
power can be derived from the modulation schemes and
others.

FIGS. 35A and 35B show exemplary transmission power
for individual resource blocks. 1In FIG. 35A, the same
transmission power level is set for all resource blocks,
which corresponds to case of transmission power under
the conventional AMC control. FIG. 35B i1llustrates an
exemplary case where the AMC control as well as the
transmission power level is set for each resource block.
Since not only MCSs but also the transmission power can
be adaptively changed, the throughput can be further
improved compared to the case with use of only the AMC
control.

FIG. 36 schematically shows an exemplary
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in the system. In this case, according to the conventional AMC control,
when the SNR is equal to E, 15 only MCS1 can be adopted in the
system. On the other hand, according to this embodiment, higher
transmission power is achieved. For example, it is possible to increase
the SNR from E to F. Once the SNR is equal to F, MCS3 together with
MCS1 become available. By using MCS3, higher 20 throughput is
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written in ROM as system specific information. On the other hand, without
QidaMredefiiiy be adopted in the system. On the other hand,
according to this embodiment, higher transmission power
Is achieved. For example, it is possible to increase the
SNR from E to F. Once the SNR is equal to F, MCS3 together
with MCS1 become available. By using MCS3, higher
throughput is achieved. |In other words, according to
this embodiment, even if only the MCS1 and MCS3 are
provided in a system among the three types of MCSs, that
iIs, MCS1, MCS2 and MCS3, higher throughput is achieved.
In other words, i1t is possible to use variable
transmission power to reduce the kinds of MCSs while
maintaining high throughput.

As stated above, the level of transmission power
may be derived based on a predefined correspondence
between modulation schemes or others and transmission
power levels. Alternatively, it may be found without use
of such a predefined correspondence. In the former,
power information indicative of the predefined
correspondence 1s stored as common information between
a base station and amobile station in respective memories.
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correspondence, when assigning individual resource blocks to users, the
base station may derive the 15 transmission power individually so to as
facilitate the best throughput. Since the MCS as well as the transmission
power is optimized, this method is particularly advantageous to improve
achievable throughput. Note that information for indicating which 20
resource block has been used for transmission via a data channel at what
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(resulespassiipneat repbe)) aad thieg adsigh miemd isvmetliféell ineskoad.ce
PIYRRIVYES (% rs, the base station may derive the
transmission power individually so to as facilitate the
best throughput. Since the MCS as well as the
transmission power is optimized, this method 1is
particularly advantageous to improve achievable
throughput. Note that information for indicating which
resource block has been used for transmission via a data
channel at what level of the transmission power has to
be reported to mobile stations via shared control
channels.

Also, 1T the predefined correspondence is not used,
the base station does not have to report the transmission
power to mobile stations via shared control channels.
For example, the mobile stations may measure reception
quality of individual resource blocks assigned for
themselves, and may estimate the transmission power.

Hence, the frequency of how often assignment status
of resource blocks (information indicating which
resource blocks are assigned for which users) is reported
tomobile stations may be reported for each subframe (TTI)
or less frequently. More generally, the respective
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resource block assignment status is invariantly maintained during the
three subframes. Although a 15 resource block is assigned for a user with
a better channel condition, there is no guarantee that the good channel
condition is maintained throughout all resource blocks during the three
subframes. In some cases, the channel condition may change into a
worse condition. In 20 the illustration, "X" marked resource blocks indicate
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Fe siitiSBePd96dnskmt assigned for a user with a better

channel condition, there i1s no guarantee that the good
channel condition is maintained throughout all resource
blocks during the three subframes. In some cases, the
channel condition may change into a worse condition. 1In
the illustration, “X” marked resource blocks indicate
that theirr channel condition has become worse. The “X”
marked resource blocks should not be used as data channels
for transmission. 1In this embodiment, the transmission
power for these resource blocks may be set to be zero
to prevent the resource blocks from being used. Thus,
even 1T assignment of the resource blocks is infrequently
updated, unnecessary data transmission can be avoided
by setting the transmission power for resource blocks
with poor channel condition to be zero.

The setting of the transmission power to zero if
needed is also advantageous to mobile stations together
with efficient utilization of communication resources.
This i1s explained i1in detail with reference to FIGS. 38
and 39. FIG. 38A schematically shows an exemplary case
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as possible from the viewpoint of stable operation of a power amplifier. As
a result, the transmission power 15 is raised from Pl to P1'. From the
viewpoint of mobile stations, it can be expected that reception quality
associated with the resource blocks other than RB3 and RB5 is improved.
FIGS. 39A and 39B show respective cases before and after the
transmission power for the resource 20 blocks RB3 and RB5 being set to
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Is raised from P1 to P1”. From the viewpoint of mobile
stations, 1t can be expected that reception quality
associated with the resource blocks other than RB3 and
RB5 is improved. FIGS. 39A and 39B show respective cases
before and after the transmission power for the resource
blocks RB3 and RB5 being set to zero. In the illustration,
the transmission power 1s controlled as in the case of
FIG. 35B. As illustrated in FIG. 39B, the transmission
power i1s raised for each resource block.

Information indicating for which resource block the
transmission power is set to be zero may be reported to
mobile stations via any shared control channels other
than shared control channels indicative of resource block
assignment status. However, 1t i1s likely that such
shared control channels are not necessarily provided.
For example, mobile stations may intend to receive all
the resource blocks assigned for themselves, and may
ignore signals for resource blocks with less than a
predefined reception quality (in the above example, RB3
and RB5). When the information indicating for which
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with reference to the distinct embodiments. However, the distinction of
the embodiments is not essential to 15 the present invention, and one or
more embodiments may be used if needed. This international patent
application is based on Japanese Priority Application No. 2005-106908
filed on April 1, 2005, the entire contents of which are hereby 20
incorporated by reference. This international patent application is also

passly Pl daRANGER PERBY AIPRACHIPR SlPo ROMHRER filed 81 YRRV zero
17, 2006, the entire contents of which are herel:())]yrI incorporated b

¢ y
IFe RO PEerhid &bl BatheddBatdie SRlLLey SFation can
Weazane se Prieoty popbcatipnaNiol €006 53600 tlee dowirdhruanch 3006ource

P e Ut D S ey s Feety 7
torhmuniedthgopfonentaitiadsd basYRdrsedre frde@wedy dlutkseception

PSIWEIRg PR of ALrened adresiarciess .5 comprising: a communicating
opponent selection unit evaluating  the channel condition for each Qf the  _
oquend) BI0RRS T5HeEEH of BIRF LSRR il tp BRERE Al Nvention
beieainlgem_m (qrermore pb thet mbmmlca_tihg\mppmentstfm m_eqczlmqrt

i G%W.‘E!PBW""%@ ‘%P&’Q”Wfrg ﬁﬂ@ﬂd%mﬁf&g‘ﬂﬂ%HB@%'M%@P&““M d

determining at least a modulation scheme depending on the evaluated
¥Rdhh@H& A Tl Earbpehand| yenelaibh QAR g@Adtalry Bage within
tordros ehswebindicye ptthe Flegimingd érashigtion \AeRame And ong r
ey R SO S SRR SR BN Mescribec
with re%erence to the distinct embodiments. However,
the distinction of the embodiments 1s not essential to
the present invention, and one or more embodiments may
be used 1f needed.

This international patent application iIs based on
Japanese Priority Application No. 2005-106908 filed on
April 1, 2005, the entire contents of which are hereby
incorporated by reference.

This international patent application is also based
on Japanese Priority Application No. 2006-9299 filed on
January 17, 2006, the entire contents of which are hereby
incorporated by reference.

This international patent application is also based
on Japanese Priority Application No. 2006-31750 filed
on February 8, 2006, the entire contents of which are
hereby incorporated by reference.
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a channel transmission unit providing the selected communicating
opponents with the control channel and the 20 data channel modulated in
accordance with the modulation scheme. 2. The transmitter as claimed in
claim 1, the modulation scheme determination unit 25 determining a
channel coding rate depending on the channel condition for each of the
frequency blocks; the channel transmission unit transmitting data
including the control channel and the | daigehannel, the data channel
being modulated in accordance with the 30 modulation scheme and

encoded with tid @RFRAehgf e 235 TR LA Ref 2L AapdiRe ! Tor
alaoniy wigcsdrt ifegcopipeh eocing iatk issetdd e uwifonovalfa-evprency

| . 4. Thet itt imed i f -

O e 0o, <K eI ES AP iepcies.
OPtRB Fre§UdHty blocks. 5. The transmitter as claimed in any of claims 1
to 3, mhar%ia ﬁfﬂﬁjbfﬁ??%lﬁ%éﬂ]ﬁjﬁeﬁ}?ﬁtﬂ"iéﬁﬁﬁ%f @P’lﬂ?@téi(_?)HnﬁWi?iylé’_\\/arlthﬁti ng

ural frequency blocks. 6. The transmitter as claimed in any of claims

& \GRADR Ek BHGIATHAENERE 1€ GGRrhed T U6a Bl Ocks
focaders diftriplitedaol/er @am b fréqueebey gxsp porerttemsamtesad ecting
SRing¢ 'H&l;’é‘zlajr DL GOMRFIOS 3 t Lr’@gﬁé‘?{’t@%ﬁmgﬁ?@%i‘u ral

unit receiving 20 a retransmission reques om one o
QMM Nik&HY AP oREHRS MIBO &isannel transmission unit, in response to

the f?”ﬁ”ﬁ@éﬁé@ﬁﬁ%&dﬁ@#@@@tmrtmfi HattidnBuhliat@asdi#|ining
g%c érg?sdtmad%léndﬁ’lvghteir%ﬂ scheme depending on the evaluated
channel condition;

a control channel generation unit generating a
control channel indicative of the determined modulation
scheme and one or more frequency blocks assigned for the
selected communicating opponents; and

a channel transmission unit providing the selected
communicating opponents with the control channel and the
data channel modulated in accordance with the modulation

scheme.

2. The transmitter as claimed in claim 1,

the modulation scheme determination unit
determining a channel coding rate depending on the
channel condition for each of the frequency blocks;

the channel transmission unit transmitting data
including the control channel and the data channel, the
data channel being modulated in accordance with the
modulation scheme and encoded with the channel coding
rate.

3. The transmitter as claimed in claim 2, wherein
the channel coding rate is set to be a uniform value over
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the transmission of the data in response to the retransmission request is
conducted for each of the frequency blocks. 30 9. The transmitter as
claimed in claim 1, further comprising: an error correction coding unit
performing error correction coding on the control channel. 49 10. The
transmitter as claimed in claim 9, the error correction coding unit
performing the error correction coding on the control channel for each of

tiedreararyPlgeke quth dyedrpgerrister as claimed in claim 1, wherein

the data transmitted by the channel transmission unit includes an error

detection code for the control channel. 10 12. The transmitter as claimed

in any oficlainsel ta3rfgrilier tempesng kadivisidn init dinigingfa ddlaims 1
quenc rangmigted i lyr, uenece e o%%' -

1:‘211:;?1% gvﬁgﬁ?rﬁaaioﬁgitqﬁ@&gge%ﬁrﬁg §[ Zgésq]gl mig%u a ?gr‘? 20 'err]n(%aoI for

e eBcdt thd el raiefi@stcaeqodeeelsS13. The transmitter as claimed

in claim 12, the modulation scheme determination unit 20 determining the

modulation scheme for each of the frequency blocks for each of the plural

divided sequences. 14. The transmitter as claimed in claim 12, 25 the

modulation stheme datesminttterurats detkaniimed aiumifamy mnofiulaieims 1

tgeme OVﬁhg‘fgﬁﬁ" {rﬁgueﬂ%ﬂ‘igﬁii‘&rne?%‘ﬁé Plufdl digded: i ined

sequences. 3 e transmitter as claimed in claim 12, the modulation
denehar deternfivaion the plural frequency blocks.

6. The transmitter as claimed in any of claims 1
to 3, wherein the modulation scheme 1is determined
uniformly over plural subcarriers distributed over a
frequency axis.

7. The transmitter as claimed in claim 1, further
comprising:

a retransmission request reception unit receiving
a retransmission request for data from one of the
communicating opponents,

the channel transmission unit, in response to the
retransmission request, retransmitting the data.

8. The transmitter as claimed in claim 7, wherein
the transmission of the data 1iIn response to the
retransmission request is conducted for each of the
frequency blocks.

9. The transmitter as claimed in claim 1, further
comprising:

an error correction coding unit performing error
correction coding on the control channel.
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determining a uniform modulation scheme over the plural divided
sequences. 50 16. The transmitter as claimed in claim 12, the modulation
scheme determination unit determining a uniform modulation scheme
over plural subcarriers distributed over a frequency axis for each 5 of the
plural divided sequences. 17. The transmitter as claimed in claim 12, the
modulation scheme determination unit further determining a channel

coding rfe forrgrehef Miegliral 4 ¢ diyided paguriges i8eib&nm o,
transmitter as claimed in claim 12, the modulation scheme determination

unit detERRinBE BAMifSAT SHRATIBAIRG FAE Sve! MetniRar 18 Bivkieg the
eequences e thd vansoittdnas daintdteinaiairnde ] triehaodiddtiofor each
&eié@ining a channel coding rate applied to

Vi

ed \nati nj
ﬁ?g atae ﬂéﬁb@énﬁg% %e‘dﬁ ed. 20. The transmitter as claimed in

[
claim 12, the division unit dividing the data sequence depending on a

numbermplw‘&iéraﬂﬁmi%im)@ﬂée\ar@é; q?ﬁazilméﬁe iANEMEEnas , wherein
claimed in claim 12, the d|V|slam unit déwdlnqathe data sequence_to be

FARsrRd@int 20R4AF hEAbEYor BGuERBO RGN atK@REG pSToN unit
racduidgenantenmeasr3ePe tha vansodterBs icltined orctano B achannel .
modulation scheme determination unit determining transmission power

for the data channel for each of the frequency blocks. 51 23. The

transmitle? as OEMEN aGaMELE Furgerclaimed in any of claims 1

to 3, further comprising:

a division unit dividing a data sequence to be
transmitted into plural sequences,

the modulation scheme determination unit
determining at least a modulation scheme for each of the
plural divided sequences.

13. The transmitter as claimed in claim 12,

the modulation scheme determination unit
determining the modulation scheme for each of the
frequency blocks for each of the plural divided
sequences.

14. The transmitter as claimed in claim 12,

the modulation scheme determination unit
determining a uniform modulation scheme over the plural
frequency blocks for each of the plural divided
sequences.

15. The transmitter as claimed in claim 12,

the modulation scheme determination unit
determining a uniform modulation scheme over the plural
divided sequences.
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comprising: a storage unit storing a predefined correspondence between
modulation schemes for the data channel and 5 transmission power
levels. 24. The transmitter as claimed in claim 22, wherein the control
channel includes information indicative of the transmission power of the
data channel. 10 25. The transmitter as claimed in claim 22, wherein the
control channel indicating that the transmission power for at least one

frequengybloghys eqyal i #Ge t'e FaRIMiEgd 1hibe s§lgctedaim 12,
communicating opponents 15 at a transmission timing for the control

channelt8iferentSH LEbARA chamfil iR ativesrLREgAnakign unit
trequieanayi hibnks fer thendofiwrumicavicgudeponents. 6hamethadefr plural

smitti t icating 20 0 wi f o]
R e R G SR R CLEE
aktidaecanlpristmly tHd vikge of: 888lUaIMGse channel condition for each

of the frequency blocks for each of plural communicating 25 opponents;

selecting one or more of the communicating .opponents from the plural
commurkdatind RS & TARS TS i oatGd ol RS b i S br?
dependitb ennioaleMeduiaiecthcleanh elntendiéde 130 peadraong acertirdfurther

indicative .o rmij d ian d Iy
LA e O £ttt Y
dipyotdat; sRABONERT the selected communicating opponents 52 with
the control channel and a data channel modulated in accordance with the

modualey g AT, AL SO ed 1n crain 12,

the modulation scheme determination unit
determining a uniform channel coding rate over the plural
divided sequences.

19. The transmitter as claimed in claim 12,

the modulation scheme determination unit
determining a channel coding rate applied to the data
sequence to be divided.

20. The transmitter as claimed in claim 12,
the division unit dividing the data sequence
depending on a number of plural transmission antennas.

21. The transmitter as claimed in claim 12,

the division unit dividing the data sequence to be
transmitted Into a greater number of sequences than a
number of transmission antennas.

22. The transmitter as claimed in claim 4,

the modulation scheme determination unit
determining transmission power for the data channel for
each of the frequency blocks.
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5 a resource block determination unit evaluating a channel condition of
each of multiple resource blocks for each subframe and determining a
resource block used by a communicating opponent based on the
evaluation; a data modulation scheme and channel coding rate 10
determination unit determining a data modulation scheme and a channel
coding rate for the communicating opponent based on the evaluation; a

control ghannehgeRgraliniiiHaePesaling & KRBHOE PNk IRUCRLVe O the r

the resource block used 15 by the communicating opponent, the data

8BB4 Stheme and the channel coding rate; and a transmission unit

transmitting odaday ehamnet togethdnwith tha eardbl cledinebtortbe pondence
icati t. th t nnel enc a h

@%{E%g%ﬁ ral['ﬁegadr?gp r§£ u at{{e v%%%ﬁg%atﬁﬁ)dﬁéﬁ?on&sc éfmgflw v%‘er}gigl and

tHeadasanha gdlatioripsetieme bay &kSchannel coding rate are set

uniformly over multiple resource blocks used by the communicating

opponent for each unit transmission periolc[i 25 28. The trﬁnsmit er as

claimed4f clal @ ANASERIRRET 185 kARG tFtha Tm 22. wherein
threnuoictimglogdoaante h a certudesoucE diotk tni@periacl icative of

trRirape Ak PLEJIBAN BGRIEGIN RPOIcE gk Js Iefansruged in 30

response to a retransmission request from the communicating opponent.
29. The transmitter as claimed in claim 27, further comprising: 53 an error

correctiginsCoding Upit RREHTIESTaE @IEFHECGHNE P ihe 2oNtr@herein
hannel for eac OI:gle resil]Jrce blocks, 5 30. The transrﬂitter as claimed .

& i O or (ﬁﬂ&% gjndlcatlng that the transmission
power for at least one frequency block is equal to zero

IS transmitted to the selected communicating opponents
at a transmission timing Tfor the control channel
different froma control channel indicative of assignment
of frequency blocks for the communicating opponents.

26. Amethod of transmitting data to a communicating
opponent with use of one or more frequency blocks
including one or more carrier frequencies; the method
comprising the steps of:

evaluating the channel condition for each of the
frequency blocks for each of plural communicating
opponents;

selecting one or more of the communicating
opponents from the plural communicating opponents;

determining at least a modulation scheme depending
on the evaluated channel condition;

generating a control channel indicative of the
determined modulation scheme and one or more of the
frequency blocks assigned for the selected communicating
opponents; and

providing the selected communicating opponents
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a division unit dividing a data sequence to be transmitted into plural
sequences, wherein the data modulation scheme and channel coding rate
10 determination unit determines a data modulation scheme and a
channel coding rate for each of the plural divided sequences. 31. The
transmitter as claimed in claim 30, wherein 15 the data modulation
scheme and channel coding rate determination unit determines a uniform

HFRANQANEALER SEPSTE OMETRR NUHIRLE TasiablerEAaPCh Qb iNPated

plural divided sequences. 20 32. The transmitter as claimed in claim 30,
$Re R HeARRE oIkt feMB AU AR Ssdisdate

determination unit determines a uniform data modulation scheme over

the pIur@pivit%edgﬁeﬂ.{g%qeﬁt%q_%. %T gﬁérlapgrﬂtﬁr_ as claimed in claim
e

30, wherein ivision unit divides the data sequence depending on a
numberaf pRED taSEMiBdioE Knidaitar B4 Mk kRhswmiittasviaihiting a

eRim ﬁ_% I’Vr_@éﬁﬂ 12Pithe diyisiond i d@’ﬂ@ﬁdfletdfﬁiéeq{@@@l ixke blocks
ansmltte% into aﬁreater nur‘gb%r of sequences than a number o

Qs FiRSi nsol‘r'lFb Kranean etermining a resource Llock used

by a communicating opponent based on the evaluation;

a data modulation scheme and channel coding rate
determination unit determining a data modulation scheme
and a channel coding rate for the communicating opponent
based on the evaluation;

a control channel generation unit generating a
control channel indicative of the resource block used
by the communicating opponent, the data modulation scheme
and the channel coding rate; and

a transmission unit transmitting a data channel
together with the control channel to the communicating
opponent, the data channel encoded at the channel coding
rate and modulated with the data modulation scheme,

wherein the data modulation scheme and the channel
coding rate are set uniformly over multiple resource
blocks used by the communicating opponent for each unit
transmission period.

28. The transmitter as claimed in claim 27 wherein
when data i1s transmitted to the communicating opponent
In a certain resource block 1n a certain subframe, any
of data iIn a certain resource block is retransmitted in
response to a retransmission request from the
communicating opponent.

29. The transmitter as claimed in claim 27, further
comprising:
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an error correction coding unit performing error
correction coding on the control channel for each of the
resource blocks.

30. The transmitter as claimed in claim 27, further
comprising:

a division unit dividing a data sequence to be
transmitted into plural sequences, wherein
the data modulation scheme and channel coding rate
determination unit determines a data modulation scheme
and a channel coding rate for each of the plural divided
sequences.

31. The transmitter as claimed in claim 30, wherein
the data modulation scheme and channel coding rate
determination unit determines a uniform data modulation
scheme over the multiple resource blocks for each of the
plural divided sequences.

32. The transmitter as claimed in claim 30, wherein
the data modulation scheme and channel coding rate
determination unit determines a uniform data modulation
scheme over the plural divided sequences.

33. The transmitter as claimed in claim 30, wherein
the division unit divides the data sequence depending
on a number of plural transmission antennas.

34. The transmitter as claimed in claim 30, wherein
the division unit divides the data sequence to be
transmitted into a greater number of sequences than a
number of transmission antennas.
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