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DESCRIPTION WIRELESS COMMUN | CATION APPARATUS AND
WIRELESS COMMUNI CATION METHOD 5 TECHNICAL FIELD The
present invention relates to a radio communications field of technology,
specifically to a radio communications apparatus and a radio
communications method 10 that are capable of controlling an Automatic
Repeat Request. BACKGROUND ART In the third generation mobile
communications method represepgasty P ] 3¢00 (International Mobile
15 Telecommunictaions-2000), a high speed and large capacity downlink
is required. For example, an information transmission rate of 2 Mbps has

bewn Realze8 0SMgUN FEAT EORYAPFERIRATISOA SOWH RE LESS:OTMIMEN | CAT 10N
IMT-2000 systems, single carrier W- Wideband-CDMA) has been
employed. 20 In addition, a method called High Speed Downlink Packet
Access (HSDPA) may be used. The HSDPA enables a high transmission

ratfpp_'a(ﬂql,\ﬁ high qiﬁi@btransmlssmn by employing an Adaptive Modulation
MC) method, an_ Automatic Repeat Request

(ARQ) methd8 in e{?\r RReN%s Ia;’éW%P?Haoﬁke MRIAIRSIs dd&ribed, foFadio

exampheuir d‘émioawml%ubil@ﬁtlmed:hﬁbelé@@ ispleséftieh Fay to a radio
examr;ﬁ)m in N nﬁatent Publlc%tlon 2. Ate ﬁfﬂ >§|n which a fte%uencgthod

bali Nidedintd aurglpoands requency Zhe a?r'n%%ﬁ SHOR

méth@dlléd%téﬂﬁﬁi@liefdrﬁmmﬂdqm@ﬂb‘l@d@iﬂ&b&rﬂmeﬁt Request.
Non-patent Publication 3. Non-patent Publication 1: T. Ue, S. Aampeli, N.

Morinaga and K. Hamaguchi, "Symbol Rate and Modulation
Le 3 aptive Modulation/TDMA/TDD 1 System for
High-Bit-Raie ¥ieclerd Ptgeheansuissionod EEE doantuVilc®@pi ons method
11§éaﬁégéﬁq 37’ by IMT-2000 (International Mobile
Telecommunictaions-2000), a high speed and large capacity
downlink 1s required. For example, an information
transmission rate of 2 Mbps has been realized using a
frequency bandwidth of 5MHz. [Inone of the IMT-2000 systems,
single carrier W-CDMA (Wideband-CDMA) has been employed.
In addition, a method called High Speed Downlink Packet
Access (HSDPA) may be used. The HSDPA enables a high
transmission rate and a high quality transmission by
employing an Adaptive Modulation and channel Coding (AMC)
method, an Automatic Repeat Request (ARQ) method in an MAC
layer, or the like. The AMC is described, for example, in
Non-patent Publicationl1l. The ARQ isdescribed, for example,
in Non-patent Publication 2. A technology in which a
frequency band is divided into plural bands (frequency
blocks) and a modulation method is determined for every
frequency block is described in Non-patent Publication 3.
Non-patent Publication 1: T. Ue, S. Aampei, N. Morinaga and
K. Hamaguchi, “Symbol Rate and Modulation
Levelel-Controlled Adaptive Modulation/TDMA/TDD
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No. 4, Nov. 1998. Non-patent Publication 2: S. Lin, Costello, Jr. and M. 5
Miller, "Automatic-Repeat-Request Error Control Schemes ", IEEE
Communication Magazine, vol. 12, No. 12, pp. 5-17, Dec. 1984.
Non-patent Publication 3: P. Chow, J. Cioffi, J. Bingham, " A Practical
Discrete Multitone Transceiver 10 Loading Algorithm for Data
Transmission over Spectrally Shaped Channel",IEEE Trans. Commun.

vol. 43, Nas gh3(4, Febpagry/Margh/ApribiPORaAEMMARY; PFless . Data
INVENTION 15 PROBLEM TO BE SOLVED BY THE INVENTION Since

further il pRSVERASRA BPspel BERd EERASTH W rRit trakdfhiddidd arxol - 47,
desired Mahisatypsi@f tect@o®gical field, use of a frequency band wider

thag fhe rapuiepow fapd uspr b s curient ystem s qauyigd. However,
as the 209requency band TUsed in fadio transmigsion becomes wider,
frequendjiddedtive fatlirgpokkaRepetitpRedaeint betdimes moreontrol

influentia)cfKmelks ShowpiepeBahisril i A2GRTONARES Phe SigRal Unger No

the influence of frequency selective fading. As shown in FIG. 1(A), when
the freqdencyP-bad-dse®ffradiPitdnsmission is relatively narrow, the
rec@ptiopateaith tidblldiachedoheasmehew codstabioFiPVe\®!, 8ingham,

shown in FIG. 1 (B) , as the, frequency band be s wider, th n

reception level i 'ééggrb%ﬁe!e Wih#lltﬁglfl% %enc@?@e !)E?é},esign?ﬁgﬁﬂsa% 1ver
thereforeL_Qa\@I hoOreasol@dId 180 asﬁomg thiafeteptibraesel icm_]i;cm_nt. over
Since "widel gnd, 1 egﬁé et tétﬁ’é‘ﬂﬂ&’i@thlﬁ‘ééée'ﬂ‘éﬁm?f”ﬁo@ﬁﬂﬁ- vol.

invention, It is assu at a bandwidth of 5 MHz used in the

current 3N ®el G348 o FersN M AWRRRARIH, 19e a

bandwidth of 100 MHz, which is expected to be in use in the next

gegﬁmﬂgﬂfyaﬁn” gﬁﬁﬁ a wide bandwidth category. Since a

m ing rate are
PROBLEM TO BE SOLVED BY THE INVENTION

Since further improvements of speed and capacity in

radio transmission are desired in this type of technological
field, use of a frequency band wider than the frequency band
used In a current system iIs required. However, as the
frequency band used in radio transmission becomes wider,
frequency selective fading caused by multi-path fading
becomes more influential. FIG. 1 shows schematically a
reception level of a signal under the influence of frequency
selective Tfading. As shown in FIG. 1(A), when the frequency
band used in radio transmission is relatively narrow, the
reception level iIn the band can be assumed as constant.
However, as shown in FIG. 1(B), as the frequency band becomes
wider, the reception level in accordance with the frequency
becomes significant and therefore it is not reasonable to
assume the reception level constant. Since “wide” and
“narrow” about a bandwidth are relative terms, iIn this
invention, it is assumed here that a bandwidth of 5 MHz used
In the current system belongs to a narrow bandwidth category,
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determined in accordance with a received quality (e.g., SIR: 5
signal-to-interference power ratio) in the aforementioned Adaptive
Modulation and Coding (AMC) , a large change in the reception level,
which serves as a basis for reception quality evaluation, makes it difficult
to determine an appropriate modulation method or the like. In order to 10
address this difficulty, an entire frequency band is divided into plural

fregHaNe BanhdiFPYERCHPIORD) A2 [IoPLIRtpS TBSIeE¢Rd to be in

individually determined for each frequency block, according to_an

inRRABAHNGERE MR I NG BERR BYSTEEHorPS ERNGD A frEide pandwidth

Spesifiegityr L5 tisd freguanmy ade t dividesdntalfandregustyiygoekete are
for which the modulation methods of.OPSK, 160AM. 64 or the like )
arSGEEN IR YR ACOIPARlCE rYV5a5<‘é‘t 'Erea%gr'n‘.’sesti'o %A'v'\vdh"fé’h ‘;‘ﬂ e+ SIR:
dagi gnadditg vbittalzke Bes aansaitdd rakeodrioftheciate ramgntioned
CORRIABFERVHRINE I FiRo s 2R FH@“@HM@?E'OQSI%}F%%%H% in the
packet transmission, the Automatic Repeat Request (ARQ) is suitable as

a rheFeat8 BmbeNste NAE ISR EYGRy Bac@intagibraiidsgsigption
In gddii@myersyadersadion cotiiged vilichliPfindaltbitcareetermine an
ranamiteci 43,800 fiesellEale Yseding TRGEEIIN L0 4 order to
coan%nsgte foran error, IS a necessary ecﬁnology as a'méthod Yo

compensse iy ks @h6F iakidd plaew isnddivarfinenissivey brnd, mheli vided

CITPhERTESHAT SPIIAG- ISRRINEY too%@ﬁu“sn“rGfPéa@re%@quﬁl‘%@t'ﬁsg}ﬁd a

effect is obtained, thereby 30 improving communication quality. On

ot iR HARATARNA S thR thd Addp Eveablyn dsteratigeoding each
(AMicgdquievidy hetistkomandveationgguedityawhenmaaptiedno tiegasrityed in

e A A TR EHos HSoRURAG ML aArsg Sl Lt 1

fregbendyreiaok neyuikeaa cosredpundiag contiol fighal. Theeferegy blocks

fUrRSF which the modulation methods of QPSK, 16QAM, 64QAM, or
the like are determined iIn FIG. 2.

However, packet transmission in which all the data
including voice data are transmitted in the form of packets
IS considered suitable in the future radio communications
system. In such packet transmission, the Automatic Repeat
Request (ARQ) is suitable as a method to compensate for an
error taking place inradio transmission. Inaddition, error
correction coding, In which redundant bits are transmitted
and these bits are used in a receiver in order to compensate
for an error, iIs a necessary technology as a method to
compensate for an error taking place In radio transmission.
Here, when error correction coding is applied to the entire
band, a frequency diversity effect is obtained, thereby
improving communication quality. On the other hand, the ARQ
and the Adaptive Modulation and channel Coding (AMC) provide
better communication quality, when applied to frequency
blocks into which the frequency band is divided. Inaddition,
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improvement in radio transmission efficiency and frequency 5 band

utilization has been and is desired in the future radio communications

system. The general objective of the present invention is to provide a

radio communications apparatus and a radio communications method

which may improve frequency 10 utilization efficiency in radio

transmission. A specific objective of the present invention is to provide a

"adiq GRENTY IERO TS BBRRIALY Baha A CPRUTFPERIRTR PR has
which AMC, ARQ, and channel coding are applied selectively fo the

ireBuetkSAIVARAaR M SIS, BRGTY JLeaHERCY rhdosk requires a
relgtionskipbatiieayn thedmprevied cergnartication driaétvedencsibed further

aboys, PRYANCIE'RASE of ihe contal sianais, tharppx puaiding 80 yadyg enc
inclohee of the control 5|gnz§fs anoPimprovmgf?requency Uz &tion q y
effletordy COIMEAND FOR S DM@ T HE RROBLEWM IThEpectoture radio
invggMﬂglﬁmpé%ﬁ)ﬁéa@?é‘,ggmunications apparatus that controls the

automatic repeat request at least and performs radio transmission using a
frame that DeBuFRRIFAN RRIGHTINE i FReRERSFBENEBVEREION IS To
appaaitizibasaa eadptonqumtiem ied tdegives apedhackusforaratiom  radio

abay, sach oLific plural egueney bands from,a,commyinieaiens pamy, g
defermination por?lon thal determined Whic freqﬁ/ency%%ng among {h y

plu:ié]ifl_ei@_ﬁhi:?maﬁﬂf iskebe B0 _lr$enad _i@tré:lfﬁﬁ'ﬁraiesi_ﬁﬁmission _
packet indigaterhby ¥ f%%ﬁl%ftcki'v@r@ﬁtfﬁeaﬁ‘?é‘st@%”i'ﬁ%’ﬁmﬁgﬁ s to

that transmits the retransmission packet_using one or more determine

freBlieNdfBants. HAIOANPRER BEAHONSY BPPRIGELE0r@Rg tthdadio
pressmhinyeotei orednentodtiizaini efficit0gyARadinidaohanasdneod i ng
cagpg applied selectively to the frequency blocks or other
units, taking account of a trade-off relationship between
the 1mproved communication quality described above and an
increase of the control signals, thereby avoiding an undue
increase of the control signals and improving frequency

utilization efficiency.

MEANS FOR SOLVING THE PROBLEM

The present invention employs a radio communications
apparatus that controls the automatic repeat request at least
and performs radio transmission using a frame that occupies
predetermined plural frequency bands. This apparatus has
a reception portion that receives feedback information about
each of the plural frequency bands from a communications
party, a determination portion that determines which
frequency band among the plural frequency bands is to be
used to retransmit a retransmission packet indicated by the
feedback information, and a transmission portion that
transmits the retransmission packet using one or more
determined frequency bands.



5 improved. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1is a
schematic representation of a signal reception level under the influence of
frequency selective 10 fading; FIG. 2 shows various modulation methods
applied to corresponding frequency blocks; FIG. 3 is a partial block
diagram of a transmitter according to one example of the present
invention; 15 FIG. 4 is a table exemplifying modulation methods
determined for corresponding frequency blocks; FIG. 5 is a partial block
diagram of a transmitter accordl\;g_q to another example of the present

in r

%‘N;T AR5, B dBWENNR %erating a control signal 20 that

determineg\acorgépgndanse refasionplripdiveen avegiansmissifrequency
pacli:e_tland q:treﬂuen%;‘:block' FIG. 7 is aflo char{illustratiré%a art of
ucit 10 e 1

process'szt%ps performefjclﬁearﬁcMcé ?Mo% aton and '&%%lng clﬁ'esme'?an be

5 detmpiigateh-portion; 25 FIG. 8 is a partial block diagram of a transmitter
according to another example of the present invention; FIG. 9 is an
explanatory view about operations of Example 3; FIG. 10 is a partial block
di elr%%f%%ﬁﬂ_téphé(pgcéwgin%év&m%r example of the present
invention; ang FIG. ikisa tsbledpatdivpadpessngigeionienfofaa signal

processmgiuonrl]t.IS I\_/I I OF REF REE\InCﬁ SYMB%{I}SS%E%@%%@%I%?Iective

gerﬁgr%ﬁgn portior? 4:u(r:}1daentr‘1e c%dlng pé‘r‘ﬁgﬁ% o pa
10 coif@stgivg;portion 5 308-1 to 308-N: data modulation portion 310:

control pori@R . 2 shows various modulation methods applied to
corresponding frequency blocks;

FIG. 3 is a partial block diagram of a transmitter
according to one example of the present invention;

15 FIG. 4 is a table exemplifying modulation methods
determined for corresponding frequency blocks;

FIG. 5 1s a partial block diagram of a transmitter
according to another example of the present invention;

FIG. 6 1s a flowchart for generating a control signal

20 that determines a correspondence relationship between a
retransmission packet and a frequency block;

FIG. 7 1s a flowchart illustrating a part of process
steps performed in an MCS (Modulation and Coding Scheme)
determination portion;

25 FIG. 8 1s a partial block diagram of a transmitter
according to another example of the present invention;

FIG. 9 is an explanatory view about operations of
Example 3;

FIG. 10 is a partial block diagram of a transmitter

30 according to another example of the present invention; and

FIG. 11 is a table for comparing examples in view of

a processing unit.



312: retransmission control portion 314: MCS determination portion 502:
packet generation portion 10 504: channel coding portion 506: serial to
parallel conversion portion 507-1 to 507-N: switch 508-1 to 508-N: data
modulation portion 510: control portion 15 512: retransmission control
portion 514: MCS determination portion 802-1 to 802-N: switch 1002-1 to
1002-N: packet generation portion 1004-1 to 1004-N: channel coding

poftipg 2 EORERER MO8 - N \aaig nsodulation portion 1010: block
allocation portion 1012: contral portion BEST MODE FOR CARRYING

OUTHHE RRGERTIGRNET ALARAIRPHER P spect of the present invention,
in 3o chamg Icaimhbrapysoattbdhat performs radio

co nications ysing a frame that occupies predetermined plural
roqtancy SAPAE Ineb atiel Bd S G g S EE ance wit
5 fee@MEKlinfePm308n A etacheoimpd Bbatapieneg Bidek8 which frequency

blo@l@poegﬁtﬁ.glpr@opgq%pcy blocks is used to retransmit a

transmission packet Indicated by the feedback information, and the
transhfissibf Yakeh AspdiniGRa BYhaP o bR determined frequency
6 bisckis. Theseidetcarwideahdnshfrpauarivynresource can be efficiently

ysegoéc::ct%rglcrlgeég aréor%h%raqﬁooeﬁ:t OB tpggpgﬁgent_lnventlon, 'ghe fgedback
informatior mclu esgqual_y information "5 ndicating a reception signal
10 quafifidin tebeonedutioations motytamd packet identification information

to idgsgify g feliansNisaiPA PRSKeonversion portion

507-1 to 507-N: switch
508-1 to 508-N: data modulation portion
510: control portion

15 512: retransmission control portion
514: MCS determination portion
802-1 to 802-N: switch
1002-1 to 1002-N: packet generation portion
1004-1 to 1004-N: channel coding portion

20 1008-1 to 1008-N: data modulation portion
1010: block allocation portion
1012: control portion

BEST MODE FOR CARRYING OUT THE INVENTION
25 According to an aspect of the present invention, iIn

a radio communications apparatus that performs radio
communications using a frame that occupies predetermined
plural frequency bands (frequency blocks), it is determined
Iin accordance with feedback information on each of the
30 frequency blocks which frequency block among the plural
frequency blocks i1s used to retransmit a transmission packet
indicated by the feedback information, and the transmission
packet is transmitted by one or more determined frequency
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According to another aspect of the present invention, the frequency band
to be used to transmit the retransmission 10 packet is determined in
accordance with the quality information indicating the reception signal
quality in the communications party. According to another aspect of the
present invention, a modulation method and a coding rate to be used in
15 transmitting a packet are determined for each of the plural frequency

bapg®pace eIk apfldae hHd GPPE%h&ﬁ%PeFf@ﬁBEGLQQ can be

eve%f[equenc block, the frequency utilization efficiency can be further
imprbi2a 1 8B ingS8%mnother aspect of the present invention, 20 the
retransmisgiopdaatkatittsansotited ysprcer oforehef ghepdnel invention,
freguency bands and a new packet is transmitted by one or more qf the . -
e SeBACR RO RIS MR T ot ion
usddihi oad iagna, Necertiencyigniadtiguiidenty drebednsreageations

25 REFRYIRIIED BRRIGET ARPRE i A PI BFPFhRYPRUAMN of 06 GUERHPRY the

coding iS performed for every frame. By performing such coding
thrBSSH&J’}StWé $ehABnBREKEE the frequency diversity effect can be
enhanced aad dhrel @rigrteoarotidie capspiitytcaf henpressh8Ginvention,

Acgarding 4o snaiheraspeqt obihe presqnt ivenlon., tye eroroneetion.; on
coding Is perr orm don packets excluaing e retransmission packets In
a frackdh thesollowkeyvaneds ekamglesof daneemittéit!y atberdingied ity

the; BrESPRALIEYBRIGRM LAt ilhistiEied rEc i HBRUSFSheP @R eFi ty in the

processes related to AMC, error correction coding (e.g. FEC (Forward

Erfe?P LGB A O dPekEYare performed: and one or more of the
AMC-relatagdotrgingCetelatestisod thspaBdfiathe ppeesses arevention,

performed pn gach of theyplural freguency blacks. Anentirg frequency oy 5,

band (paan'd occupied @y a systemri Usé&d i PAdio Lommtnications
transmitting a packet are determined for each of the plural
frequency bands. Since the AMC control and the ARQ control
are performed on every frequency block, the frequency
utilization efficiency can be further improved.

According to another aspect of the present invention,
the retransmission packet is transmitted by one or more of
the plural frequency bands and a new packet is transmitted
by one or more of the plural frequency bands. By reducing
the frequency blocks which are not used in one frame, the
frequency utilization efficiency can be increased.

According to another aspect of the present invention,
error correction coding is performed for every frame. By
performing such coding throughout the frequency band, the
frequency diversity effect can be enhanced and the error
correction capability can be improved.

According to another aspect of the present invention,
the error correction coding is performed on packets excluding
the retransmission packets in a frame.

In the following, various examples of a transmitter
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includes plural frequency blocks, which are distinguished when
necessary. Generally, the AMC-related process is 10 performed on every
frequency block in Example 1, whereas the ARQ-related process is
performed on every frequency block in Examples 2 and 3. In Examples 4
and 5, the AMC-related and the ARQ-related processes are performed on
every frequency block. In Example 6, the AMC-related, the 15

FESCIME IR E8 TN BreLdpd ACRTSERGHARAIOBREY PIUSYPRted. In

frequency block. From the viewpoint of a unit subjected to the processes,

a cHipdribidiAt sk £x308 hsSwalinessees. Telagednpr Mg error
FIGo¥ sbows enpartidiibigchdiagramEg a(FaismigdioBrappa@tisection)),
accordi aone example of the present invention. In E1G., 3 cket

e ADa R ST PR R R s gor e AER peea.
coither $i66 poaibatsoh, aldatihed\R@iorefetied3usess89E her formed

NUBPRILINVEER Re S REPPIEEIGUBR SYBRBCIY Of KRBIPEFY-&1$FEtiuency

and a control portion 310 are illustrated. The control portion 310 hasa _
retPHHERI RGP 388 ByatamREe s RihbdrApbRIEATRUN TR tIONS
patkes Dedesaidupartionr3tleensratdoioks) aaepataracewii stdonwl shed
sigpaLfrom dhe.goniye) porion, S0 [erapaIISHiOn RACKERALA Al pos s
packee[r%rom qaa seé{u‘ences inptﬂ oYe packet generation portign 965
Theerctersatsaon puekst hbsaspeneyndnlioell bfoexang bkeni 8 whereas

UrapRRINRHAPE NFESUFFERLALTIRCh 87 FEPRR 80 A &F@P@?r@ﬁ%gﬁ&y block

packet has not yet been transmitted from the transmitter.”Since

nutibr s iiaheigsiaR®is (.ol N theBiRlAThE Absporkiify flGndelated
paglkef) dempendRon- eelareddlatnroved sk thaentpyd sfmehatludes every
R D Meymegtiatan et Tie SBaEhSoURRPILREAE, thne
FEC-related and the ARQ-related processes are performed on
every frequency block. From the viewpoint of a unit
subjected to the processes, a comparison of the Examples
i1s available 1n FIG. 11.
<Example 1>

FIG. 3 shows a partial block diagram of a transmission
apparatus according to one example of the present invention.
In FIG. 3, a packet generation portion 302, a channel coding
portion 304, a serial to parallel conversion portion 306,
data modulation portions 308-1 to 308-N, the number of which
corresponds to the number (N) of frequency blocks, and a
control portion 310 are illustrated. The control portion
310 has a retransmission portion 312 and an MCS determination
portion 314.

The packet generation portion 302 generates in
accordance with a control signal from the control portion
310 a retransmission packet or a new packet from data
sequences input to the packet generation portion 302. The
retransmission packet has been transmitted beforehand from
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transmitted in accordance with the control signal (information indicating a
coding rate included in the control 10 signal) from the control portion 310.
The channel coding portion 304 performs an error correction coding (e.g.
FEC) on every frame (throughout an entire frequency band). The serial to
parallel conversion portion 306 converts a serial signal sequence input to
the portion to parallel 15 signal sequences, the number (N) of which

COHEEPRALR I e WHIPRBSS @Eé@@@%@@%ﬁs@ﬁ% AEBPYS HiPeceiver.

parallel signal sequences. The N data modulation£ortions_30 -1to
30811¢ mB&tiataekedspBAGing At quédty BeeRs drfREShbERAnelbpm the
trapsmittetiintaecordaineavithinencanieat sighalfeprs e sdnimobdargo(i . e. ,

31% -Iéh%f%ntrrlﬂlm%%nralci:ncrhf%ess infglimati%?)di&qgguiggn o] ulati%n on a
me Hods. Any approprla?e mod%?arhon ethod, suc as\fﬁ}@K, fé)SAﬂ/F

6402 1 at fwnlike tigche Eneplogbdred Bhieocsttrdinotticie s Londippm@tion
theypoRtFR! Sl $9 1391 st @perations of each element in the

transmitter.  The retransmission portion 312 determines whether
retransmis$faf RABSIARAMPRITASNSIRAFREGHES CoRBFCET TO be
withrfeediacktistbrmition.aldwoiegédhaek 3 ntbrmatlos indudasal signal

reqeplien NG AR esglvad SIRLPN YA LA IR Eontrol
cornmunications party, necess@ orre rangmlssmn, |8ent| ication
infemgatith) (fbrexaitipie grickeodumdel) i enodibrection icfoanagdn.coding

or SO B9 DR AFISHRDH DY MHOIMAIP PRGNS GRS WG K FEC)

whether the retransmission is required. The MCS determination potion

3180 eBMATieT FPRS ok QHUAIR W 3BcS0Ed B8R EriRBHERGY band) -

method forrenerefirdgUeoyd:iecd Iahenvelreiomissipt smMevPadialerts
is transmitteii. One c?disrg rate is determipe fortﬁver ofF‘:i:rPS r4th‘g8u hout

theé® entite ﬁeqﬁé 8)? band) & ?r%%uc'aﬂ&llj ang used for one Bntire arallel

signal sequences, the number (N) of which corresponds to
the number of the frequency blocks, and outputs the parallel
signal sequences.

The N data modulation portions 308-1 to 308-N modulate
corresponding frequency blocks of the signal to be
transmitted in accordance with the control signal from the
control portion 310. The control signal 1includes
information distinguishing modulation methods. Any
appropriate modulation method, such as QPSK, 16QAM, 64QAM,
or the like may be employed.

The control portion 310 outputs the control signal so
as to control operations of each element in the transmitter.
The retransmission portion 312 determines whether
retransmission to the communications party is required iIn
accordance with feedback information. The feedback
information includes a reception signal quality (received
SIR) for every frequency block In the communications party,
necessity of retransmission, identification information
(for example, packet number), error correction information,
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frame is divided into plural frequency blocks. An appropriate modulation
method may be performed, for 10 example, by referring to a

predetermined correspondence relationship, which may be composed of

the following. if SIR < S1, then Mod (1) is employed; if Si =< SIR < S2,

then Mod (2) is employed; if S2 =< SIR < S3, then Mod (3) is employed,;

15 ... if SS-1 =< SIR, then Mod (S) is employed; where SIR represents a
reEPUMESHNRE AUA DY HERFaieede BERHITRBAURH M s FRPFUMIFAlNSa ting
party; 51,...,SS represent’a predetermined signal quality (SI<...<SS); and

20ARSI)NARHS teBFeddtR AFHIRNSTASRENbA SURAK EsSyK, The MCS

QR (I AS Lt GHEIAMNF3G44ckhoysmireexample o tiance with the
modulation s determjned in suc m er. The transmitter of Fl

o LR RR S5 B A M HEL AN ROT L VEHPROIRL AL Brock
devdiginegs pPestia@nsvdsSstyat roramenispoakeit msdlikansmetited or One

the-biefs J@%‘&i’@r‘?@eﬂé’ﬁé‘i“mﬂ%ﬁt%@%‘?ﬁl}% Ofﬁé%ﬁé‘négiﬁ%%ﬁbut the

accordance with the signal indicating ACK o CK for every packet. }
ReBARREERIYPRAY R AIner FERRESR ARG D Tor one entire
cofrauicatons A edwhisnaas ihBuithdormirel queiary3bd opketes so

that a new'&)acket is trans@'tteéjd“@f'ﬁ‘%ﬂr‘ﬁgﬂ% nl§ H%ree itis

determined" WitSHHENH frame S Whole is retransmitted: E/namgl?/,r Fformed, for

retearnmidsion oyt kedeithen@qtieney Roeide themihgensaieespondence
de e TIRGONE AR PTORTRTCMAFAALGA rReiiee e ey F MHBAYSEYING Y -

in accordance with the received SIR and determines one coding rate for

the entire ffidqutty bardl: 1§2RBoNRMCE WihidetRdPAEd and
distinguishp¢t contents S1R packet, totretianwtitieg)s peeraipd @pddhe

packet is ¢ made. arallel signals,according to each qf the |
plural freqdﬁgzol&igs.g%ergy redu?ﬁc@%l@q@is% 1S emp(ioyed,

if SS-1 =< SIR, then Mod (S) 1s employed;
where SIR represents a reception signal quality (received
SIR) measured in the communications party; S1,..., SS
represent a predetermined signal quality (S1<...<SS); and
Mod (1),--.. Mod(S) represent a modulation method such as
BPSK, QPSK, 16QAS, and 64QAM. FIG. 4 shows one example of
the modulation methods determined in such a manner.

The transmitter of FIG. 3 receives the fTeedback
information from the communications party and determines
the necessity of retransmission, the modulation method, or
the like. The transmitter determines the necessity of
retransmission in accordance with the signal indicating ACK
or NACK for every packet. Retransmission is performed when
notified of NACK by the communications party, whereas the
control portion 319 operates so that a new packet is
transmitted when notified of ACK. Here, it is determined
whether a frame as whole 1is retransmitted (namely,
retransmission unit is not the frequency block). The
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independently modulated and radio-transmitted from transmitting
elements. The radio transmission is performed 10 based on a multi-carrier
method such as an orthogonal frequency divisional multiplexing (OFDM) .
By the way, when the packet is retransmitted, radio parameters (a
modulation method, a coding rate, or the like) may be the same as the
radio parameters used in the previous transmission, or 15 different

PaEPRRISH Ere T AIIEEPH ihEE SR POFITh 84 hdB @FaEPOn B thod for

coding rate may be charé%ed for every frequency block. According to this
ex&YpleY tTE 2AEnEMiE BRIEYIIRF FOpeanirred bR ERP rEGHEAMPd SIR
blagkdBiediwidinithe o2 feeliong wbaedfiolo thea itdaks, flustjatioog band .
the received SIR can be,reduced, thereby enabling the appropriate, radi
oA B R L RO fenes.
frequeaskeibclkahbeohransigaditedidtingriaparedliatsh teehdguicket is

negdeb Py sy Zﬁnff%%%ﬁ%\/ltl'@iks"i’aﬁﬁf&a&&@r@iﬁqi%eéé% of the

r
number of the control signals. However, since there are only some ten

tyﬂé&‘ﬂf@ﬂodiﬁaﬁ&ﬂ*ﬁ{é%(odéf’('s‘ﬂ%he m&HRAYon FHeauEnNeyn Jelock is
disiingeisbad &yl 3 bitsyu hetivdreased quanétyi of epainehiifoteationfrom
is not ver e. In addition,. since 30 the error.correction coding (e.d.

e A A g BT P e PR PO S crormed
diveasigd effatt & |aryd Bhdaararicorretidihoghasliighis &sptahigiesrthogonal

<ErpalRAzy Gidiag RTIRIY Pk §IRg e0ED tra@?“ﬁ?éo(ﬂ/ar_)l/ i when

apparatus according to another example of the present invention. In }
5, $hadRtkeketsibR oaitiMddLeds damheRatReIsisn@orogdulation
sen@thgd[akelasnvatpientrortion Sfe sSMikbyshaY -béo BRE-Naihe as the

upReE ST WRIENSFERPONGR P 18 NEPeh PLERIERSH IoR S R or
different parameters re-established in the control portion
310. In addition, the coding rate may be changed for every
frequency block.

According to this example, the AMC-related processing
iIs performed on every frequency block. By dividing the
frequency band into plural blocks, fluctuations In the
received SIR can be reduced, thereby enabling the appropriate
radio parameters to be established. Since the AMC 1is
performed on every frequency block, the control signal
indicating the modulation method i1s needed for every
frequency block, which may lead to an increased number of
the control signals. However, since there are only some ten
types of modulation methods (since the modulation methods
can be distinguished by 2 to 3 bits), the Iincreased quantity
of control information is not very large. Inaddition, since
the error correction coding (e.g. FEC) is performed on the
entire frequency band of the frame, a frequency diversity
effect is large and error correction capability is kept
higher.
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modulation portions 508-1 to 508-N, the number of which corresponds to
the number of the frequency blocks, and a 10 control portion 510 are
illustrated. The control portion 510 has a retransmission portion 512 and
an MCS determination portion 514. Repetitive explanations of elements
that have already been described are omitted. The packet generation
portion 502 generates in 15 accordance with a control signal from the
control portion 510 a retransmissigfpagieRs 058 new packet from data
sequences iEEUt to the packet generation portion 502. The channel coding

portion 504 dicodedQPscRR I blad hlafted Irgra@h& tignsmission
infappaiicntinsludet oritiéng0 aantrahsighalrfroaxtmpdentroffpottien Jdbesent
The chanpel codin ian 504 performs the error correction coding (e

R o G R ey Ok L B e AR Ol Bf R %562, a
corversing lpceid hrEDH esitlers SD4erial senbhrdctoapacadde koapeversion

PopoPipdR Bt , 23pibRahasauences. e symber (Whef Wikder of which

corresponds to the number of the frequency blocks, and outputs the
paFIEr RN dEqdhcERe TR BRRENT5 1€ tF EEAUE RG] rks . data
comeshdrti® rsig@-tinh $heser-to tire daEsm0dulatien partieer of which

disposed 30 in a subsequent stage in agcordange with the cqnirol signal
Bl Sk S e O el P By eRS “and a
508 hiceililare ribkcsighdld tabe tiddbnsitieatiedccofdienczonitirede portion

COBYQ HelsSOPRIE RIS §7BHP BPERGIPS 2 ANPRR REYYE te rmination
modulation method such as QPSK, 160Q0AM, 64QAM may be emgﬁ!g%ed.

HRRVEF QR HatleBaERESN D581 888% hols564- & | RN kR tha t have
signhiseiadie Iseme meduipiibadnethed dmiitdriexample (AMC is

performed 5.2 unit f Irame). The conuel Romioni0 auipsisdhaconyel i

signal to control |8pera ions ot sach elemerlt 1 thetfandmfited THE
accordance with a control signal from the control portion
510 a retransmission packet or a new packet from data
sequences 1nput to the packet generation portion 502.

The channel coding portion 504 encodes a packet to be
transmitted 1n accordance with information included in the
control signal from the control portion 510. The channel
coding portion 504 performs the error correction coding (e.g-
FEC) throughout an entire frequency band.

The serial to parallel conversion portion 506 converts
a serial signal sequence iInput to the portion to parallel
signal sequences, the number (N) of which corresponds to
the number of the frequency blocks, and outputs the parallel
signal sequences.

The switches 507-1 to 507-N connect the corresponding
signal input thereto to the data modulation portion disposed
In a subsequent stage in accordance with the control signal
from the control portion 501.

The N data modulation portions 508-1 to 508-N modulate
the signals to be transmitted in accordance with the control

12



retransmission control portion 512 determines whether retransmission to
a communications party is required in 10 accordance with feedback
information. The feedback information includes a reception signal quality
(received SIR) for every frequency block in the communications party,
necessity of retransmission, identification information (for example,
packet number), error correction information, 15 or the like. It may be

deteyginadbyFpimeten iBgieale Afdt-ei o Cawhethehy appropriate
retransmission is required. The MCS_determination potion 514

defRHEE HHAGLNSH FeaibaTdPalentfGbnEF St Y RReSHRIQYed -
withdhve vegejveth®IR\ whata netrdodashom qgyaetd packes38-1 to 508-N

e A0 APPSR e OGO Moo 5O 3 S0A AR ¥W ehis
be determined by réferring to a predetermined correSpondence
5 reletamanle @AdCodingpeahieiieesnisea forsverpiraiiangoughout

the entire feguentydhd I bR P a0le S IR MY BBREFST9d9Gnal to

one entire frame is divided into 25 plural frequency blocks. The _
traRSMHHER 're‘&@%@‘éﬁé’?b%é?ﬂtaa@ﬁﬁoﬁﬁﬁﬂ@rﬁ‘ﬁohﬁ‘ HeecdhpaRdkipE- The

paity endrigtdisy ies the mecesdity pb retiansnissiondiegnaduledonvhether

methq:d or the like. The, transmitter determ.i:nes the necgssity of . .
re r‘ansm|§3|§6| t0 a c|9 munica |onsV\P%rf S re m[‘.ed in
retrahsmisSiontor 30 every packet in accordance with the sighal Indicating

10 AGCep NROKEeR et hifibmiskigdizasitfortreBornat motified of TeCKFegdback

theg R PAHGRBIRNFRAT Yo uhISAe e 6 (UFP IS RN é]c?a‘iﬁ%@t‘ﬁé%e ived

that a new packet is transmitted when notified 13 of ACK. The transmitter

defHiin &9 brivairdr R sRGURYBRMETh 80 8 fePABHIRg PRk FenmParty

entikedieeiiengy ofanddit esasribsse ovith theseaafadstidn information
dance with the determined and distinguished cont tto

e TR & PG e DR B Bk b et R ion-
15 signeldke dd kecorkEpuny becdeher tianpditay frodgsmmytidockdndicating
maogiatgg by AbR dRteereriafier PR Pssion is required. The MCS
determination potion 514 determines a modulation method for
every frequency block in accordance with the received SIR
when a retransmission or new packet iIs transmitted. An
20 appropriate modulation method and a coding rate may be
determined by referring to a predetermined correspondence
relationship. One coding rate is determined for every frame
(throughout the entire frequency band) In this example. A
frequency band used for one entire frame is divided iInto

25 plural frequency blocks.

The transmitter receives the feedback information from
the communications party and determines the necessity of
retransmission, the modulation method, or the like. The
transmitter determines the necessity of retransmission for

30 every packet In accordance with the signal indicating ACK
or NACK. Retransmission is performed when notified of NACK
by the communications party, whereas the control portion
319 operates so that a new packet is transmitted when notified
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corresponding to the frequency blocks to be used for retransmission of
the packet, and radio-transmitted from 10 transmitting elements. Here, the
switches for the frequency blocks to be used for retransmitting the packet
to be transmitted are closed while the other switches are open. The radio
transmission is performed based on a multi-carrier method such as the
orthogonal frequency divisional 15 multiplexing (OFDM). By the way, radio

paggeleik (moduhation et €e81ng e eMrilRdKe) yRed iy rlate

packet is retransmitted may be the same as the radio parameters use

th@B@éF&xE'tP&hé?ﬁ%@% %JP‘E'J ﬁ&%h%aﬁ%ﬁ%t@%r réthta%"&Hé’& il ’ﬂ?@“ency
cobaplcpdriiac 54 P denee addittioehine fequeorcy Dlecks bsetbwbedance with

rettansmitting the packet b .the same the fre ency | block used
reiSusls Lot iRt ARt 08 S TR SERAEIS eRePEkEE to be

comransrgn&t@@temumﬁg@m’c&@bmmmmsm pedesbn nEBle into
Papkgtdq Peiraignied ¥yl éér@t%l%wﬁg%rﬁﬁ“%géﬁ%ﬁ”&@ EF@%?&J ral

performed in the retransmission control portion 512. The flow begins with

steﬁr@(‘iﬁl?ﬁ'wﬁ@ﬂ ‘Ptqgsasg\%@amda%ézfu%&%l%@mldbﬁ&% portions

retmwsb@ﬁcﬁmgldytbeeﬂrmstmqelqhe@hwmmw@kﬁecwna)eblqﬁedn for
30 acgordance with the f e%ﬁ ack qu(r tion, For ex mplg

egardi
three pacEe{E'transmltte by recﬁJjenc I’oc%s%sr Y, anar 85 a%'c#ic% d from
pati@b shattiledhedenentmittddasiefivEhkauehch e i BihB X Bgjuency

BYp#Beies: s %Cmé@aa'?ro% C'FQ{PBH@W 2071BeSEHE e E NI’ Sto be

are to be retransmitted. The total number of the retransm|SS|on packets is
refrESBSRAtEEH Are< klosask whhbe bt otbglesi SRS Ngre open.

Thereforadiadt Naresin TBis kyarnslparevansrdisseR s Sroariuined-wbatier

K 15 n%%rec}han or equal to wherea%ﬁl new cngt 15 transmlttec(llj| \l’v\?feglonal
tep 6%91 a parame 61\<for distingols Ing a pa ket

multlpIeX|ng (OFDM) . By the way, radio parameters

(modulation method, coding rate, or the like) used when the
packet is retransmitted may be the same as the radio
parameters used iIn the previous transmission, or different
parameters re-established in the control portion 510. 1In
addition, the frequency blocks used when retransmitting the
packet may be the same as the frequency block used previously,
or different.

FIG. 6 shows part of process that generates a control
signal determining a correspondence relationship between
a packet to be transmitted and a frequency block, among the
entire process performed iIn the retransmission control
portion 512. The flow begins with step 602, in which it iIs
assumed that a frequency block required to retransmit has
already been distinguished from plural frequency blocks in
accordance with the feedback information. For example,
regarding three packets transmitted by frequency blocks B3,
B4, and B5 among packets that have been transmitted by five
frequency blocks B1, B2, B3, B4, and B5, the NACK signals
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to be retransmitted is set (k=1). The parameter k is an integer which is
more than or equal to 1 and less than or 10 equal to k. In this example,
the packet of k=l has been transmitted by the frequency block B3,
whereas the packets of k=2 and k=3 have been transmitted by the
frequency blocks B4 and B5, respectively. In step 606, a frequency block
to be used for 15 retransmission of the packet is determined. The most

CO%@%Q?%@QH@%@EQ%ﬁF@&B‘A‘&@e@ SPEY %?B%ﬁ%%‘ﬁi‘ti)tted .

used previously to transmit the packet. Namely, the packet of k=l is to be

retfAMS A ) RRS QTS bREKBSMASSHED AAEkREMESIRRE§Sented
maybectoChoose K frequainey 2{ublock thef skbe's fhreegestriegepiibbcks N) .
quality. FQr example,, if the second frequency blogk, B2, has the best . -

rei@%gﬁﬁﬁﬁity%ﬁ%hg ’}ﬁ_g’ fiv'enfretqhu'encg Oné[%g’e for elg(%?nrpqlg’sméssmn 1S
papedt{RENetavhas beaspratcisthannemiesyiby the flequdrediaidisch new

BSdggp(Qg retansaitisd e figngnry@s block B2. This allows the

retransmission packet to be securely received by the communications

party. InstdS'68EChE PAram ORF RTETGEI ARNAESLIRGE SRINg a packet
inceembatedetnchuiiaieddo siep 6@, ifisdeyernmimesd yhetiwetlea k is an
parameter 30 k reaches the upper limit K. When,th rameter. k does not
e T S i o Sl BT A eSR R or
pregisads G fepedied thianstiampdeket e Iachkedn ofindmittebasy been

anggh IR Eeaey BiP¥n W??@é@% NS PBIFRRSE K CYReFsdae P Packets

limit, the flow proceeds to step 612. In"step 612, a control signal is

geRdried Rnstderunava depackEaRTBHARSHity ByqnbreausnRyd 1ocks

fregueagid SBIQCk-edpe eitvel Bjgnal determines the correspondence
relationshi betwgen th dgtransmi sion packet %‘F thE frgqu ncy bloc
StE ocC

and controls ‘an ope%/cose"sta?eo svency o be USGE for
retransmission of the packet is determined. The most

convenient determining method is to choose the same frequency
block used previously to transmit the packet. Namely, the
packet of k=1 is to be retransmitted by the frequency block
B3. Another determining method may be to choose a frequency
block that shows the best reception quality. For example,
iIT the second frequency block, B2, has the best reception
quality among the five frequency blocks, for example, the
packet (k=1) that has been previously transmitted by the
frequency block B3 is to be retransmitted by the frequency
block B2. This allows the retransmission packet to be
securely received by the communications party.

Instep 608, the parameter k for distinguishing a packet
Is Iincremented and updated.

In step 610, it is determined whether the parameter
k reaches the upper limit K. When the parameter k does not
reach the upper limit K, the flow returns to the step 606
and the same processes are repeated for another packet that
has been transmitted by another frequency block. When the
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switches 507-1 to 507-N. In this example, the switches corresponding to
the frequency blocks to be used for packet 10 retransmission are closed
and the other switches are open. Then, the flow proceeds to step 614 and
ends. FIG. 7 is a flowchart illustrating part of processes performed in the
MCS determination portion 514. Similar to FIG. 6, it is assumed that a
frequency block required to 15 retransmit has already been distinguished

fropnplaifl titpauersycklonss ¥hacepipancy e ésediacdniraadiens to

in step 702. For example, regarding three packets transmitted by
fre§kERcyPBiBeks B3, B4, and BS among packets that have been
transmitted hy $vereslL2ncy bdenkeri ] Be.@aaa B4, ganaldiatibd NACKrder

S|g{:1 Is arer orte% alhd thes three E%%k%fu% to ge{etf%ﬁi?ﬁ&@re%ency

step 704, apaPame ern oF |s ngws ingp ot equency Sis se
anbdigskualuB(hs1¢0THy Qhrahegns b Memgmmmbﬁ iSAoresmandence

eqyRliteeroh 8AT fessdivdie on eyl N NAR E&Q'&P”ﬂ%&‘él@é{heand the

fre uency blocks (N=5 in this example). In step 706, it is determined

ﬁ?é?%ﬁ&éke? 6K PISnGREEEY %%r@dheﬁ@%(cfck%&n@ﬁ%ﬁ%d%@ the
thes\@ixt@heter BOF alpagke30bavetransmiitdd ¥eimjleackee 3@siteches

be retransmitted the flow eds to ste her if the et is
notar retrarﬁ)smligsm% paclfrﬁh%e 0 uenCc%eds tetgo%g Y9 SPa QfgPacket

maotRtatnSm emuoah@teth@nr.B bbmsebhmrtrawmh&ﬁaareev open.
pagkRtfre felerFypa- TFB%éE‘d%WBa%%ﬁ Bede dmacepigance with a

past reception signal quall or the like_In step 710, a modulation method

and codind Hte 1§ 8DuE @Wﬂéﬁ&nhﬂﬂ@‘%‘ﬁéﬁbﬁ@&&%@ Qdiephpfesses
Regerdiog teirdinanheisgsndeeken tn@atdiopapuneiesisEhdas gimilar to

mcig%aftiog’me@opsoréggdlrlﬁgén %g%dgt%rrne'r(]ﬁ%ns(':ng"%rlock required to
retransmit has already been distinguished from plural
frequency blocks 1n accordance with the feedback information
in step 702. For example, regarding three packets
transmitted by frequency blocks B3, B4, and B5 among packets
that have been transmitted by five frequency blocks B1, B2,
B3, B4, and B5, the NACK signals are reported and these three
packets are to be retransmitted.

In step 704, a parameter n for distinguishing plural
frequency blocks 1s set to an initial value (n=1). The
parameter n Is an integer which 1s more than or equal to
1 and less than or equal to N. N is the total number of the
frequency blocks (N=5 i1n this example).

In step 706, i1t is determined whether a packet to be
transmitted by a frequency block distinguished by the
parameter n is a packet to be retransmitted. When the packet
Is to be retransmitted the flow proceeds to step 710, whereas
i1T the packet is not aretransmission packet the flow proceeds
to step 708.

In step 708, a modulation method and coding rate to
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to the new packet. Or, the radio parameter for retransmission may be the
radio parameter that has been used 10 previously, in view of the
convenient determination of the radio parameter. In addition, the radio
parameter may be determined from a different view point. For example,
when a total of 100 bits including information A expressed by 50 bits and
redundant information B expressed by 50 bits 15 has been transmitted,

onydegeagdaphinfpEpRlipiE M e ReiReIca e rs HEteMIGRl . This

information_B or another, is retransmitted. In this case, although the
or@f‘r‘uﬁ%&HnH&%@éhrfﬁé“Pé%%u\féP iS¢0 vﬂ?éme%ﬁan@rﬁ@ﬁ reception
inferigmizoh iguahdiderer; thdeodingerate becomes 1/3, which 20

enhances e erfar ¢ tion capability of the received_informatio
step 712, the pa{:all% Q(:—:-ir%rcffor dlg?gigiuéﬂng fmeqfu@n(gy%lécks @lng rate to

5 mdﬁ@néﬁt@d arkhuptiagstsnd 1430t iseletcpaticetiviriter determined.
FEBSIPE iRy tise B h SR dihvaiadd £ Whepdhs @%&F}ﬁﬁ% rdsuch

does not reach the upper limit value, the flow returns to the step 7

th@%%@%Hd@%b@’bF@e@’b%gt% hartke RGeS Hsa 'Wﬁ'ensth@ ilar

pasanetehe exaeads {eckeer limidyglue théehe ﬂ@dmocqmbetm@t@r for
7193{@ ends. 30 Accordlng)toéﬂls exa Ble the au#oma{l een used
requesf%&ﬁ%’ IS perrflor &8s 2 anito re uency 5ck anda pacP

10 retpreviiaes b a Bnitoféne ik ridyeblook VETS entikds tiegosbiad &kon of the

choazfi® R3&kahetalpd O TegHT D6/ %rﬁé ARFFOCIAPEIREBETS may be

become poor as a retransmission acket th ereby Improving

retfipiadiBR i diefcf QEHrﬁﬁ%Q‘)B ¥I€WsRe W Hartidr Blo & @agen ovhen
a teanepiitidr ofacoooding ts anathRi¢kagpiFoihearesentinespitessed by

o R SRR FOMRRTD Y BEUPRLE B ores
15 has been transmitted, only redundant information, which may
be the same as the redundant information B or another, 1is
retransmitted. In this case, although the original coding
rate iIn the receiver is 1/2, when the retransmitted
information is considered, the coding rate becomes 1/3, which
20 enhances the error correction capability of the received
information.
In step 712, the parameter n fTor distinguishing
frequency blocks 1s Incremented and updated.
In step 714, i1t i1s determined whether the parameter
25 n reaches an upper limit value N. When the parameter n does
not reach the upper limit value, the flow returns to the
step 706 and the same processes are repeated for another
frequency block. When the parameter n exceeds the upper
limit value N, the flow proceeds to step 716 and ends.
30 According to this example, the automatic repeat
request (ARQ) is performed as a unit of frequency block and
a packet is retransmitted as a unit of frequency block. This
makes 1t possible to choose a packet related to a frequency

17



10

15

20

25

30

transformation portion, and the N data modulation portions, which are the
same as shown in FIG. 5. In addition, N switches 10 802-1 to 802-N
controlled by the control portion 510 are illustrated in FIG. 8. Each
element is the same as the element that has already been described in
reference to FIG. 5, and therefore repetitive explanations are omitted. As
stated above, the control signal given to the 15 switches 507-1 to 507-N

of B0 \phEX8"HplE PacrBiol 16 QP ¥ElBRR S6 P HECS VIR AR I dsion

to 507-N in accordance with the _correspondence_rela_tionshig between the
retPE S Lsiot MBERDY arldEOYIAIE NS IGSTH EXARPIE B ticd ency -
switches for the frequency block teheangekbfaBthe 20 retransmission

packets ar sed and the other.switches are apen. In Example 3 in the
following, t g#)r'eq%eﬁ%y %IJ?:%‘ h%\lya(h:hfr?o Eus%fjaf%F Sgcl?ef Ltrdishitter
retege@riddiog A agedher ieranptm@hcdhedekeseFG dvgrbion. FIG.

xR PN RXPIANIPE SHEAHORE S Yt &xeRRe ihkuding the

simplicity of explanations, it is assumed that paCkets are transmitted b

= y
fivenaplelcy bRRUANEI, BPOSE IO and BRE TheSGIaHRbI colifig isParal lel

petpenedonmaayirpaetitnglzond theeNtida taanetay SeadnAvoerdions,
the five packets transmitted by the corresponding frequency-30 blocks i

A R RS S I e e AR R tones
by 882 fréqlion8PRlobksBntrellHed ahy tids: nanpacktpardiope 510 are

retia I pSCERei FRERESTEISSIRR it RSRATOIEGhINdBR 4B FAR81Bnent

the 18 technique in Example 2, the two frequency blocks among the five

freflEfcPBRAENRIFY e e ard Bsch 16 Tefgr&ARSide &lfme- and

threndiesifieney biosks ptd vet esgl altdthisoriaraire, tiebetege

ol e R S R

by shd taimesréferitytislotRY thatdbeliteed us€dixavipdsly2 control the
open/close state of the switches 507-1 to 507-N 1n accordance
with the correspondence relationship between the
retransmission packet and the frequency block. In Example
2, the switches for the frequency block to be used for the
retransmission packets are closed and the other switches
areopen. InExample 3 inthe following, the frequency blocks
that are not used for packet retransmission are used for
transmitting new packets.

FIG. 9 isanexplanatory view for explaining operations
in this example. For simplicity of explanations, it 1is
assumed that packets are transmitted by Tive frequency blocks
B1, B2, B3, B4, and B5. The channel coding is performed on
every frame throughout the entire frequency band. Among the
five packets transmitted by the corresponding frequency
blocks in a first frame, the NACK signals are reported for
the packets transmitted by the frequency blocks B2 and B3,
and these two packets are to be retransmitted. The
retransmission is to be performed in the N-th frame. In the
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in the illustrated example. Therefore, the retransmission packets are
transmitted by the frequency blocks B2, B3 and 10 new packets are
transmitted by the other frequency blocks BI, B4, B5. The channel coding
is performed entirely on the new packets, namely, on the three frequency
blocks, in the illustrated example. Assuming that regarding the N-th frame
the NACK signal is reported for the packet transmitted by 15 the

fregeneyi BIgek ifr HREMIFKEDIS HENANENY PRy BRC %eﬂll%%‘%b&}%r?& the

in a 2N-th frame and four new ackets are transmitted the other

frefi ¥Ry IGILERRY clHrﬁ%lfstodfﬂg HserfdhBd gﬁtﬂ‘@ﬁ/ oRltRe HERA Tor

paekats anamélys nthefalithiequieney tiqu‘:u@rtbg iBUsicks hexanpteused -
20 Thei:[ﬁ[ witches 80% 1to %ZSN %nhe aepep rlate switched l|<n %rggrltjosed for
transm he pa&e S In suc ‘?rame con r%ltl %’hown% %he frames
H#NERPANEVER T msmmﬂ@keﬁ&etramnmm deriioyl plﬁrtﬁi)fp&lﬂl&t ions,
theprRNQL PPAIING 1 18R deiREiRe ther @£ RRRaN I8N iR iniShiRt ted
between the retransmission packet and the freq uencoél%%ck in accordance

wﬂh%h%hfoﬁ%@scfﬁ%ﬁ%i‘é@h@@@ Aie2E. have sechrogvépusly
FIGn6tihe padked taeeteansmvidieg by the fresedionellockehaerngdhemission

worst recention %U%I{;tg in this fz%(gmkple 'th?égkgargé)% [?{enfﬁgsz, B3 and

all6EE ahextellent fesource to they new pac han
retrEvsrpigsisemckee Oransiidd, teel thyistiissiotipackéneaydrcy blocks

traggmigad s a frequeney ARK BBURAGYR! %é‘ﬁ’d?rﬁ’@&e‘ér‘iﬁf}@ﬁy on the

equal’ 19 to a difference between a necessary reception quality value that

enBBMPGF SIS rEQRRIY et R AEMBR JUfHfREIRIPSIY, In the
reporRgsiteatbe exampncatiorspariyid-ohexasgier ey thee N-th frame

receptio | for errqr-free reception 10 dB and the rec ived SI
(ncERRATE TG NoACRACH Ak 4115, RCKE ek BAAF Coc by
thakhe rdpyataeengih b boaktBialuths eaKetnicr sqlaian g kegkdy the

frequency block B5 1n a 2N-th frame and four new packets
are transmitted by the other frequency blocks. The channel
coding i1s performed entirely on the new packets, namely,
on the four frequency blocks In the 1llustrated example.
The switches 802-1 to 802-N are appropriately switched iIn
order to transmit the packets in such a frame configuration
shown by the frames #N, 2N.

Even i1n this example, the retransmission control
portion 512 in the control portion 510 can determine the
correspondence relationship between the retransmission
packet and the frequency block 1n accordance with the flow
described in reference to FIG. 6. In addition, in step 606
of FIG. 6, the packet is retransmitted by the frequency block
having the worst reception quality in this example, which
can preferentially allocate an excellent resource to the
new packets rather than the retransmission packet.
Otherwise, the transmission packet may be transmitted by
a frequency block having quality that is better than or equal
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for retransmission. In such a manner, allocation of the frequency block is
made in accordance with the least 10 necessary reception level, thereby
improving retransmission efficiency. <Example 4> Although the
ARQ-related process is performed on every frequency block in Example
2, the AMC-related process, in 15 addition to the ARQ-related process, is
performed on every frequency block in this example. An apparatus

C°’Efdgﬁ@ﬁ‘fé’?éﬁ@é‘%@ﬁﬁé&géq%@%@&ﬁ?mééé&ﬁ&qfﬁ@éﬂiaitW value

shown in FIG. 5. In this example, the feedback’information input to thé
co HﬂéﬁtpSHf%H kg ‘?rfd@ﬂﬁclﬁﬁ%ea FECSPA] SR (fe JiRfrehd Ay i Tty
in Qeecivedi KRy I ppty) fed dvary freguennmbloékatansssiyaity . For

retransmigsion of a cket for every fregueney block, a packet number fo
evg%/a?]reguénc?/]%‘eﬁz% When reprgenémlii;?on |is ﬁeedgg roBr th?'ﬂﬁe rﬁcep%lon

chdsndlGCadfh@rchdifgn@Cetyashst RndentiléRaprcietaliteegltiely the
blagkek 'Fé%ﬁé@‘ﬂ@@m%"@%é ”‘Eﬁé'%lﬁ%‘ﬁﬂg}ddéri’&tﬁﬁﬁf‘%f%po rted

every frequency hlock, the modulation methods employed in the data

mdilidtich BH%BHEYSUE?‘ hug sfsRPLR b ksaAlahefle @it 1S used

defﬁbmln@tmﬁhﬁeiﬁh Acgordingcte thisnexanets, thé hoeditdiion 3F the
Oed and retran mlismn unit itare deiermlned for, LEvery frethhe % least

bIocE ﬁlereb)yena Png retranshission Of the" re{ansmlssmn packe By

mmee@es@maree@mtpmdemt theaeble BrpIORkhguggitthansmission

f5latedqrrecess is performed one every frequency block in Example
3 the AMC-related process, in addition to the ARQ-related process, is
performed on every frequency blﬁawpéﬁpérﬁtus configuration of a 5

transmitterAg gieoatitthe SrQrarad Hﬁa@ppfrw@t;ernehpemfdrﬁ@ én every
R R R 4. e Frocess. n
addition to the ARQ-related process, is performed on every
frequency block in this example. Anapparatus configuration
of a transmitter i1s generally the same as the configuration
shown in FIG. 5. In this example, the feedback information
input to the control portion 510 may include a received SIR
(reception signal quality in the communications party) for
every frequency block, necessity of retransmission of a
packet for every frequency block, a packet number for every
frequency block when retransmission is needed, or the like.
The channel coding is performed throughout the entire frame
(all frequency blocks). In this example, since a modulation
method is determined for every frequency block, the
modulation methods employed in the data modulation portions
508-1 to 508-N are not necessarily the same but determined
independently. According to this example, the modulation
method and retransmission unit are determined for every
frequency block, thereby enabling retransmission of the
retransmission packet by more appropriate radio parameters.
<Example 5>
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508-11 to 508-NN are not necessarily the same but independently
determined. According to this example, in 10 addition to determination of
the modulation method and the retransmission unit for every frequency
block,aframe having both the retransmission packets and the new
packets is generated and a coding unit is dynamically changed, thereby
realizing more efficient packet transmission. 15 <Example 6> FIG. 10 is a

partial b'°%l‘¥ﬁ%@|(§?1 Ofh HARKBIES IRFEOHIRG- H-aadngse BIhEE one

present invention FIG. 10, packet generatlon ortions 1002-1 to
108YRETAG 1 Saing '&ﬁ{fohe Exana ke ??ooﬁﬁ@ LSy Hﬁ)bﬁ%%rﬁ?mces&
poiivasid@ € DOB-tdaheOSRY -the lnurebigps otebich isrrappodsda on every
number of the fre@len bloc n block allogatlon BOI’tI_PEI 1u010 i%nnd A0f a
contrc?l Sorlion 10172 3Fe |1Iustrated F?é)&e?{ve explanarhong 0F Fements
thatlaﬁi@ﬂﬁﬂ 10k s wengdiadily thatsrve alsetiag benfdesoriveticrehown
omtied: A5 SNPWN R BIRSESSaRTepardng AL NS ANFLFESANH ARQ , the

are performed on every frequency block. Therefore, the received SIR and

thénf%qi%%ﬁﬂég?dﬂ%ﬁﬁé’& %HAF’M%M e dadpad habaagiBRT tions

aréobtatried fow eveoBirRNuergeblosktPackeie dedeitignsrulied @@me but
enerélted and deurInalt%%dor 32 a unlt ofa frﬁgu%nc block. E

of the m%guf? Xcke S 78 transmitted %y any or% plura ?reql)fé’flrrln e

baﬁd@lnlheo@otces?tﬁmémw@dlmmglfptwmw@mhatn@dumwpabmd the
ang 4G HRIMGRSY BANGHT APYPIEY RIS Caniohel Be o%kc%{‘ﬁf%{ﬁ%‘i*%ﬂ/ ing

1012 in the block allocation portion 1010. According to this example,

sint@Hloddi8ed RIAGRY LRSARNANBCKEES aRb R‘éb‘%renﬁé\ffd%%'ﬂets is
theg@amm@rar&iﬂalwlla@mmd sodgmaescartignegthrigeld; thereby

shows Ia-dla%ram for ag f(hog gescrltrJneldS%sl gxample 1lto
6. ASTs s%ow:q in xample 8qs performe onéevery frequency
block, whereas the FEC <Example 6>

FIG. 10 1s a partial block diagram of a transmitter
according to another example of the present invention. 1In
FIG. 10, packet generation portions 1002-1 to 1002-N, channel
coding portions 1004-1 to 1004-N, data modulation portions
1008-1 to 1008-N, the numbers of which corresponds to number
of the frequency blocks, a block allocation portion 1010,
and a control portion 1012 are illustrated. Repetitive
explanations of elements that are the same as the elements
that have already been described are omitted. As shown,
processes regarding all the AMC, FEC and ARQ are performed
on every frequency block. Therefore, the received SIR and
the retransmission request signal included in the feedback
information are obtained for every frequency block. Packets
to be transmitted are generated, coded, and modulated for
a unit of a frequency block. Each of the modulated packets
Is transmitted by any one of plural frequency bands. The
correspondence relationship between the modulated packet
and the frequency band is adjusted under control of the
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and the ARQ are performed on every frame. The entire frequency band to
be used in one frame is divided into plural 10 frequency blocks. In
Example 2, the AMC and the FEC are performed on every frame,
whereas the ARQ is performed on every frequency block. In Example 3,
the AMC is performed on every frame; the FEC is performed on an entire
new packet in a frame; and the ARQ is performed on every frequency

blackntr- &1 BxerAIeA: 108 AMG FHbiA 68 219 HEHLBRISHYRFN 1010.

frequency block, whereas the FEC is performed on every frame. In _
ExAREAT 91 AQCHR IR Rra1ea ire RA) R REREFBRER; FR9REHIRO all
pexthenexvy) arFEQtjre and paRRetara frpmefoantthe AR istperfsmession
on SyepTEAUEncyDlack, 20N e prefercple cxamples of the
present hvention havé been described above, thé présentinvention is

not limitedtbGhodd exsraptes dbd hagmpaltefaorsoamanogficaohs waithod

be RaseipiHWHNILIRS SRPARCL 1S Bresa ii‘g_eé‘HBWrﬁ"t'ﬁﬂu_E%ﬁ%le 1, the

present invention has been 25 described referring to several individual
exAfpIdSiReERYIERY RRPIFIRYohEeHRRMIRREK exiipSOg he FEC
noheskethia tAR® piesenpawEoimedubanevengrefesamplesThay baitire
mplemented i scaargance vith demands. £ nenakcnst 83§ prural
appllca%on IS Yazedon Japanese I9riority Rp&icaﬁion Xt P

2005 aqaoneyfilod @okspril in 268ampitie thd, JdizmeA¥Pandt diiee Ffhe are
eNHiE- FEPIREEE BhWBIRES erieIRRY, INAMSRYALERY rRIRHERSE péfFormed on

CLAIMS 1. A radio communications apparatus that performs at least an

aulYRA IERAYFEEL EBRtfol ahR RkEraitio B rfifuntGRpsformed
using adane firainrecughes predetene rfd rpetidrequeaat Paedaethgacket
ap paratq_sr i

SO A0 T SRR S5 oy brocic

cohmimieatphs phrtythe AMC and the ARQ are performed on every
frequency block, whereas the FEC is performed on every frame.
In Example 5, the AMC i1s performed on every frequency block;
the FEC is performed on an entire new packet in a frame;
and the ARQ i1s performed on every frequency block.

While the preferable examples of the present invention
have been described above, the present i1nvention is not
limited to those examples, but many alterations and
modifications will be possible within the scope of the
present invention. Although the present invention has been
described referring to several individual examples for
simplicity of explanations, these individual examples are
not essential to the present invention, but one or more
examples may be implemented In accordance with demands.

This iInternational patent application is based on
Japanese Priority Application No. 2005-106912, filed on
April 1, 2007, with the Japanese Patent Office, the entire
contents of which are hereby incorporated by reference.
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10 a determination portion that determines which frequency band among

the plural frequency bands is used to retransmit a retransmission packet
indicated by the feedback information; and a transmission portion that
transmits the 15 retransmission packet using one or more determined
frequency bands. 2. The radio transmission apparatus of claim 1, wherein

the 20 feedback information includes quality information indicating a
reception signal quality in the commu#|iggfipgs party and packet

identification information to identify the retransmission packet. 25 3. The

radio communications apparatus of claim 1, wherein the frequency band

to be uged o iransonhineiret aomissipprackesithaeparddims at least

acegrdancenily pualie lfgimation, ndjealing (e, ecsRiion SigRal el g
In the communications party. . e radio communications apparatus
of claitmun igaierors combniging Fyaremimabnqesetiol amit peasiafiedy ined

for SRAcha 9T PER]UEh 5 dpaReshardwa Wﬁi&méﬁ?r%ﬁ@ﬁ Agoding

rate to be used in transmitting a packet. 5 5. The radio communications  _
apparatus Bf@SAPTIRRASRt I Ehatdrrssibgalieasbaakdhifeamgtion

onalgsunoreeddhe plifal freguency bealls afideqouenepckeidads from a

transmitted. b()j{ one or mare, of the plural frequency bands. 10 6. The radio
communications gart(:)\( . ) ) -
communications apparatus ot tlaim 1, wherein error correction coding is

performeddor €lekg framateon A paid tommdiiedtiordatietosnasvhigthich
AdppRYR i dARYHBHAR AR GAGIPS RNAYQEIRYG BaPRAl RSIHSYd to
retransmit aretransmission packet indicated by the feedback
information; and
a transmission portion that transmits the
retransmission packet using one or more determined frequency
bands.

2. The radio transmission apparatus of claim 1, wherein the
feedback i1nformation includes quality iInformation
indicating a reception signal quality in the communications
party and packet identification information to identify the
retransmission packet.

3. The radio communications apparatus of claim 1, wherein
the frequency band to be used to transmit the retransmission
packet is determined in accordance with quality information
indicating the reception signal quality 1iIn the
communications party.

4. The radio communications apparatus of claim 1, further
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are employed and radio communications are performed using a frame
that occupies predetermined plural frequency bands, 20 the method
comprising: receiving feedback information about each of the plural
frequency bands from a communications party; determining which
frequency band among the plural frequency bands is to be used to
retransmit a retransmission 25 packet indicated by the feedback

INTRERRIOTS iFRIATHIB NS FRARISAID AP Pom QditatioR BGthaA &Y FiSr each

retransmission packet in accordance with the feedback information; and _
traREtiRm g e A BReARENSY RaRds mgdHd 230 aBBRtRed apdimcoding

ratezanel rnodulatios seetiad endrike ideténpinad mmekertore frequency
bands. 24

5. The radio communications apparatus of claim 1, wherein
the retransmission packet is transmitted by one or more of
the plural frequency bands and a new packet is transmitted
by one or more of the plural frequency bands.

6. The radio communications apparatus of claim 1, wherein
error correction coding is performed for every frame.

7. A radio communications method i1n which Adaptive
Modulation and channel Coding and Automatic Repeat Request
are employed and radio communications are performed using
a frame that occupies predetermined plural frequency bands,
the method comprising:

receiving feedback iInformation about each of the
plural frequency bands from a communications party;

determining which frequency band among the plural
frequency bands is to be used to retransmit a retransmission
packet indicated by the feedback information;

determining a coding rate and a modulation method for
the retransmission packet In accordance with the feedback
information; and

transmitting the retransmission packet using the
determined coding rate and modulation method and the
determined one or more frequency bands.
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