S04P1166 [ Name of Docunent] SPECIFICATION [Title of.
the Invention] TRANSM TTI NG DEVI CE, TRANSM TTI NG
METHOD, AND STORAGE MEDI UM [ Techni cal Fi el d] [0%8;;
The present invention relates to a transmtting 4P'1166
device, transmtting nmethod, and storage nedi umt hat
process radio transmtted signals. The invention
. specifically relates to a transmtting device, )
NbRANSHET bbbiEerEl tathcaqdagigrage Medium that perform
anpl i tude and phase nodul ation to carriers each,
[Tpel&oom tiw enseerftibn]lo the plural carriers to convert
theminto tinme base signals while maintaining the
TRONEMETORKE INBVIGCE, t TRANBMITTENG METHODe ANE RIERAGEAMERBTUM
and performtransm ssion processing to a transmtted
[Term ek thirfsHal Frequency Division Miltiplexing)
[Oﬁiggal. [0002) Further in detail, the invention
Bthtes to a transm tting device, transmtting
t hat performtransm ssion
pr oc?lg-LssPﬁﬁs o a'kno tloﬁaff%]e?’%e%it n%ltr?rbsfmé:ttllé’lgnﬁ‘ﬁ‘élce’
crSNAFV O Hcta0N shlCsE SEALY it EnalPRELELEE! HdadP
a transmtting device, transmtting nmethod, and
tr&tioBgeededgHaL & hatTiRe hesM { SRRPRLES 81 081 Py 0%A%%eR0td &
a known pattern signal made up with a tine sequence
tramgetttemgvitliiaa, GFDMminduhat adths@NHAd edraggnaddium
[ Background Art] [0003] The w reless LAN has
thaft peadosd aupki iulabhd phasmmodnlasion to carriers each,

perform inverse FFT to the plural carriers to convert them into

met d@_I and s of age nedi u

time base gignals while maintaining the orthogonality of the
carriers on the frequency axis, and perform transmission
processing toa transmitted OFDM (Orthogonal Frequency Division
Multiplexihg) signal.

[0002]

Further in detail, the invention relates to a
trahsmitting device, transmitting method, and storage medium
that perform transmission pfocessing to a known pattern signal
for attaining syﬁchronization on the receiving side,

specifically toa transmitting device, transmitting method, and

- storage medium that perform transmission processing to a known

pattern signal made up with a time sequence together with an
OFDM-modulated ‘transmitted signal.

[Background Art]

[0003]

'~ The wireless LAN has attracted considerable attention as




1 SO4P1166 a systemthat relieves users fromthe
troubl esone wiring of the wred LAN. The wireless LAN

can elimnate nost of wired cables in a workspa
such as an office, which nakes it possible to n§©3?1166
personal conputers and ot her conmunication termnals
conparably easily. In recent years, acconpanied wth
the enhanced speed and reduced price of the wrel ess

‘a ydtent bRaderdikvdsOlisdits Egoh RS kabhyl éSKiHeLa$8ng of the
Especially recently, the personal area network EEPAN)

wirsdyddbr The vexatiesatLanchorel imihaadusdstons wia-ddaibles

. people can comunicate information with a small-scale

1nyp repdesana Wk 8si ag fifliciepl whatkonakes it gpesstbie to
surroundi ng people. As an exanple, different wreless
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cofEXERF D PN BarnbECepbaiiae  SCEOBREBIEg Thkp che
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and. 004] cent a W reless comuni cation system

foidswgisa_nrelﬂa;ﬂg&bl}u decbansvi dt bspRUest %&/Z\L%r,lghe
GHz, which is called the ultra w de band ( )
pecarmainizoaia or'twbak (PANN DORGIGET dblkeexahi fOtioN B a
~ wirel ess communi cation systemthat realizes a
ingpgstuctdiont, aneechdtt paohl ghlraspeedmtnbesg Ssifonmaandn twigch
racti cal devel opnent thereof is expected. At present,
a 0 L-§erd et FARSHPSS| wrC sk awimgt mudtpRiRetlectumtiyre
de‘ir.ncl udi n th‘ijrﬂﬁrf)r eanbl e i.s bei ng designed as an access
- OGRS BT BPOPLR- BB SRR B atdidfsrsntpEreless

conﬁl%gri%gt:ioﬁngyggeglso rafn w&gggesl:s communication devices are

stipulated, which use the frequency bandwidths that do not
require a license by the supervising agency, such as 2.4 GHz
band and 5GHz band.

{0004]

Recently, a wireless communication system using an ultra
wide bandwidth covering 3GHz to 10 GHz, which is called the
‘ultra wide band (UWB) communication’ has drawn considerable
attention as a wireless communication system that realizes a
short-distance ultra-high speed transmission; and the
practical development thereof is expected. At present, the
_data transmission system with a packet structure including the
p_reamble is being designed as an access control system for the
UWB communicatiqn in IEEE 820.15.3 and so forth.

[ooos]

Now, building up a wireless network in a room will make




Now, building up - a wireless network in a roomw ||

make 2 S04P1166 the nulti-path environnents, in

whi ch the receiving devices receive a direct wave
having multiple reflected waves and del ayed wav&84P1166
over | apped. The nulti-path environnents will cause

del ay distortion (or frequency sel éctive fading),

which effects errors on the comunication. And, the

théNhEl §é§m§1 Rt ce e :
di st otrt ion vvlelnl bgﬁggﬁgg at %é%&&)tteﬂ]% 6%’ gggfh?ﬁ ed%}%es

recoind ed NBABHtewalrer nhhengehadyc i ddiiedteliSwhi€s and
mul ti-carrier transm ssion system Since the
depayed -wareas evetrilappailssimre sydtrérpdist enbli@ments will
transmtted data to plural carriers of different
caysefiedaei ebstatidompdndvi tiduesly shkechive daslisgeh which
econe narrow, which nmakes it difficult to receive

ef %‘ét? rﬁ’?rl?éﬁc g8 BPEtﬁ@“fflwq%trﬂan sePretivee In@mgymbol
Int o] Fr e, uenQ VI S1 on
g el e A A o LR e Biha S PP daighaded.
[odg@nsm ssion systems, the frequencies of the carriers
each are set in a manner that the carriers each are

mut akl &¢ Qh&hﬁbﬁﬁﬂ@buhﬁekﬁ@aﬂi@@lfo'rnﬁl% \ﬁ%lla%r PHINE 1 0on

transm ssion of information, the system perforns

is g aiuﬂpaFahf:eieﬁOIm{EGﬂl@sl&ﬁz tshetnfl orgmideOthe
transmtted in serial at each synbol cycle that is
muldliower rikant réresidistsiont symeeivs diehribtees at tacaties etdhe
plural data converted into the serial/parallel format
dattao tPhé’lhlﬁf"h 5T iaith o elifderenthéreanpntieie e

tion to the carriers each, perforns
ban%bvlsd%hs %e carrgers each become narrowp, which makes it

. difficult to receive the influences of the frequency selective
- fading.
{0007}

In the OFDM (Orthogonal Frequency Divigion Multiplexing)
system being one of the multi-carrier transmission systems, the
frequencies of the carriers each are set in a manner that the
carriers each are mutually orthogonal in the symbol interval.
During transmission of information, the system performs
serial/parallel conversion to the information transmitted in
serial at each symbol cycle that is slower than the data
traosmission rate, allocates the plural data converted into the
serial/parailel format to the carriers each, poerforms the
amplitude and phase modulation to the carriers each, performs
inverse FFT to the plural carriers, and thereby converts the

carriers on the frequency axis into the signals on the time base




inverse FFT to the plural carriers, and thereby
converts the carriers on the frequency axis into the
signals on the tine base 3 S04P1166 while retainin

the orthogonality on the frequency axis to tran$f#b1166
the information. During reception, the system

perforns the operation reverse to the above; that is,
it performs FFT to convert the signals on the tine

he f
LA B SRR s L AL
trEREH] ALIRN ISYSLRAE LA, tfmlrfr@ %Ie:cre@&%ﬁh Fz@@fé

paral | el / serial conversion enodul at e
pesBformg Sthe-?ll’diﬂneﬁ:apﬁaﬂuﬁ@Sei:Q@ %'ﬂi@eﬁbdv%f;ofﬁﬁti 98, it
transmtted in the serial format. [0008] The OFDM
pPenboluhaFFonts yeiremiits thdopi goahs dihehst anaka kg deotintbhighe
wirel ess LAN, for exanple, in |EEE 802. 11a/g. Also in
siguaks gprhes fzagueney stabvlaret vitien the theo@MBations
conmuni cat i on SéStGﬂ] adopti ng the OFDM nodul ati on

COLKYRIRHIRAE EGnHBE, TREPFEEL Ve CRIMIMBOR PESHAMPr bR rids,
di th the diff

ca%ﬁ%ﬁa EFE%Q Pnfo?ﬁ%ﬁ|Q#%%éiﬁi?sq%%aﬁgﬁopgegﬁ%énI¢$:€H]
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receliving t I nf or mat 1 on srgna

trafigidicedastihi B8e e 01 e gk short cycl e of about Sone
100 pico-seconds. 1In case of the OFDM UVB

[ood@imuni cati on system the OFDM nodul ation is under
exam nation, which perforns frequency hopping (FH) on
t hr §ee QRPMbapdislathicsespahdwiidt hdopted 528z tandahdifor
the frequency band covering 3.14 to 4.8 Gz, and uses

the gEre s RAY: dereatampleqienEPEBANE -4dmpos edilsfo 1RJEEE

802p(1I ntas (t%e standardization of the UWB communication system
adopting the OFDM modulation system (hereunder, called
‘OFDM_UWB’) is in progress, in addition to the DS-UWB system
with the diffusion speed of DS information signal raised to the
limit, andrthe impulse-UWB system for transmitting and
receiving the information signal that uses the impulse signal
string having a very short cycle of about some 100 pico-seconds.
In case of the OFDM_UWB communication system, the OFDM
modulation is under examination, which performs frequency
hopping (FH} on three sub-bands whose bandwidths are 528 MHz
each in the frequency band covering 3.14 to 4.8 GHz, and uses
IFFT/FFT having each frequency band composed of 128 points (see
Non-patent Document 1).

[Disclosure of the Invention]

[Problem to be Solved by the Invention]




Non- pat ent Docunent 1). [Disclosure of the Invention]
[Problemto be Solved by the Invention] 4 SO4P1166

[ 0009] The general renote communi cation system w
transmtter and a receiver conbined transmts thgwplawﬁ
signal for attaining synchronization as a pre-anble
(or mddle-anble) in conbination with a transmtted

data body. [0010] In case of the OFDM UVB
[oooghuni cati on system as nentioned above, the tine
sequence is used as the pre-anble, signal for
at t aFire rgpreyadhrenbzat conmisios hatr pgisealn Poenwnent 1).
Further, the pre-anble signal is configured with the
LrARfREEEeT ¢ Rerbiaiysr combiimedr Heanswitedise stibral for
copput ational c¢onplexity of the correlation
athp HRE isﬁ(&cgﬁoflh%a ERRAH APES dEblephéen isialdlis-embiek in
ves, the Ltiplication for_calculating the
co%girrrg%ila . gnT%ln tfﬁpﬁﬂbﬂt‘?%\/%ar'iar ﬁf’é’dtyhe symbol s) .
[odfH11] Fig. S illustrates an exanple of the pre-anble
signal of the binary 1. In this case, the BPSK

(Bi mar yadhagearshbiby Ry BRhuAPAM At Qgg}clém R A 1 Rhea

to a known pattern nade up with origi y the tine
abseguéheetine genpiaic: tikeupee- 2o prgnahbleapdhmial P
the data body formed of the OFDM nodul ated signal for
atigimdingi synrheoni pet bars e siegntn -py tpat f Docuhent he .
inverse FFT to the signal on the frequency axis. Fig.
Furghegn; EBe| preiankis sdgnsglaldatenfigunedcwathgtine dasitelrn
‘ t%e gr.e-an‘ole (or
of the binary + 1, 1n order to reduce the computational
complexity of the correlation processing on the recéiving'side
(becausethiscasesavesthenmltiplicationforcalculatingthe
correlation only through inverting the sywbols).
[0011]

Fig. 5 illustrates an example of the pre-amble signal of
the binary + 1. In this case, the BPSK (Binary Phase Shift
.Keying) modulation isAperformed to a known pattern made up with
originally the time sequence to generate the pre-amble signal,
apart from the data body formed of the OFDM modulated signal
for obtaining the time base signal by performing the inverse
FFT to the signal on the frequency axis. Fig. 6 typically
illustrates a data frame configured with the pre-amble (or
synchronization-obtaining)‘signal having the BPSK modulation
_applied and the data body having the OFDM modulation applied.
[0012]

Fig. 7 illustrates the frequency spectrum of a binary time




synchroni zat i on-obt ai ni ng) signal having the BPSK

nmodul ation applied and the data body havi ng the OFDM
nodul ati on applied. [0012] Fig. 7 -illustrates the
frequency spectrumof a binary time 5 S04P1166 S04P1166
sequence signal (pre-anble pattern) as shown in Fig.

5. As seen in the drawing, the binary tine sequence
signal forns a spectrum characteristic with sharp

' larithe vhi i ot _.preferabl.e for securin
R L Ca e R MR SR

inbgpeeraling, the Hitadf eded @Ec{p‘r}]&m gigﬁai %ngsa tsggl(t:trum

commi ssion) rul e concerning e UWB 5t pu
chehecpemist idlefisiH BhaRs tkedgal aeache YHZ WSt 180hot

exceed - 41.3 dBnml MHz, instead of the power of the
pregembls dival secActngdilnglgtipuiacase fof Hie tW¥Bsmission

system the spectrum peaks are necessarily to be
POy iRt tat- a BEREFOHAREY | ntkes PHIC t(faderhd somplniinptions

I nt erval %f r exanple, 4.125 MHz). In the exanple as
COWMTHTH EPGE SonGHinsh b WRbECARHLAESE Hifolks miver

| i Lj ds 0. _dB 41.3 dBm ;
T T e M Y
i ' | t densi| t.
o4 S 0 i OBl P EANY! g cace

of natelumel ¥yBeeRsSehY sfectolM YPelikiOathenELLL ML 8P be
the total data frame as shown in Fig. 5 not only

meagiuredt dte aGDM owsiti i at edvalbthahathe shfipFigy intersh0C&or
the peaks (near 32 on the horizontal axis) exceed

exanpd el i A L2byMEbbut 1B GBe exanplaeecesdawy tn Fbyer7t hée
transm ssion power of the pre-anble by 5 dB on

PORSE L ABRT SSHBH AL gh?&%lqa of gde irvedularivien iegaesfisthdB

(- ﬂ'\g rdgEnl) ?'t}{e%oe]fsgre, to transmit the pre-amble asg it is will

face the situation that the power density cannot conform to the
stipulation in the FCC rule. It is naturally necessary to
conform to the FCC rule over the total data fr‘ame as shown in
Fig. 5, not only with the OFDM modulated data body. In Fig.
7, since the peaks (near + 32 on the horizontal axis) exceed
the limit by about 5 dB, it is necessary to‘lower'the-transmission
power of the pre-amble by 5 dB on transmission. This will lead
to deterioration of the S/N ratio.

{0013]

Fig. 8 illustrates an auto-correlation characteristic of
the pre-amble signal. It isgenerallypreferred that the output
resides only near the center of the time base. In the drawing
however, the output resides on the peripheral areas of the time

base (for e_xample, near + 16 on the horizontal axis), and it




Fig. 8 illustrates an auto-correlation characteristic
of the pre-anble signal. It is generally preferred
that the output resides only near the center of the
time base. In the drawing however, the output resides
on the peripheral areas of the tinme base (for
exanple, near 16 on the horizontal axis), and it 6

is befiffiicy t we Qi gm@e&%omm@t fhat, fhi Borx lagion

aut 6-correlalion aracteristic is satrst
chaF£OdA]i shkAct h@ IHMrgeditat i on system the gener al
practice nullifies the sub-carriers on the center
[00f4kquency band and both-end frequency bands of the
fre guency domai n use (see FILG 9%@ In this, case,

thé spReidiom B‘?d‘EJt?etlﬁPe b E;Pet ABOCBRSRIAGHLTSt i on
nulP?fi%%OWﬂe Iccc'i‘rrZe@Qdoﬁ Il%es REGEL rﬁr%f 8&?%} C}EEBM and

signal as shown in are clear erent in the
botvaaref Ofrrﬁ&uenctﬁ‘l&i‘aaﬁgr@f ttrhae frreqeemmgiomdﬁ hasudeO (see

switch the filter conditions in the pre-anble part
FIGand ¢ H& BFbM &isgnarhpairectuimcpl fhe pAgcoaveld dn thad

BPS%&Q%?%E[ IageOLIJ%S% OOlilliﬁ[ '%lo ngactheentspectcr%rneg% t'il}le O'E:"EE

sigrdlit Bs/ RRAUREFTE € OF 20k G4 1-QuPSI: &2 dm/ RHD ROQIL M3 ;
file name: 03142r2P802- 15 TI - CFP-Docunent . doc> [0016]

ther®fampl etlenirede iveintgs s hdy Harsovb dewiamchexieel liantr
transmtting device, transmtting nmethod, and storage

condigdppm i1t fiAE R:r&rraﬁl?leq @rabl 3hahe PFRY Fagrs BaFn which

rocessi to attern signal such as a
iR ﬁ% and 9

5

i lﬁlrconvﬁ%lf e Si gnacillsfaovan éFgal n| ng
[0015]

[Non-patent Document 1]

IEEE 802.15.3a TI Document<URL:

http://grouper.ieee.org/groups/802/15/pub/2003/May03
file name: 03142r2P802-15 TI-CFP-Document .doc>
[0016]

Example embodiments may provide an excellent
transmitting device, transmitting method, and storage medium
that can preferablf perform transmission processing to a
known pattern signal such as a pre-amble signal for cobtaining
synchronization on the receiving side.

[0017]

Example embodiments may provide an excellent transmitting

device, transmitting method, and storage medium that can

preferably perform transmission processing to a known




synchroni zati on on the receiving side. [0017] Exanple
enbodi nents may provide an excellent transmtting
device, transmtting nethod, and storage nedi umthat
can preferably performtransm ssion processing to a
known 7 pattern signal of the tinme sequence in

conbi nation with an OFDM nodul ated signal. [0018]

pot EXARL 6, ATROILAPALS TBY. L OXI € ARLEXCEIIEN cn an oFDy
Heviide, STPaReH T DO Ret fiod

fransnitting viCe, ansm ng me and ‘st or age

moduBdiednsidral .can preferably performtransni ssion
processing, in a manner that both the tinme sequence

[00&%)gnal of a known pattern and the OFDM nodul at ed
signal sati fg_the stipulati,on for the_transm ssjon
po ?mfﬂléenﬂ‘@? WHHSUOAY oHETING PR SRILHYT dEEBPTSTS 09
devi 010} XATRL £q GRARGHTENE STBY. U QXhile, AR.eXCe) | ent
transmtting device, transmtting nmethod, and storage
prefmdbum grdbraatrandmnet er@blpyopesfionm L ansahsst ahat
processing to the tinme sequence signal of a known
bothdheetHres gegyenss iSipral ft BekeritroPatbeirelead bie OFDM

haracteristic f tai_.ni ng_synchroni zati on and.so
o PR e YsBt | Hg PERE: BPBP e [O0BBT LMo
powddC GRRSBNL &1 ¥hidt AclibESly a3Resh GfarbbEeRlgseNt
invention, there is provided a transmtting device
[00L%jat processes radio transmtted signals, conprising:
a frequency conversion nmeans that converts an

or?%ﬁ@ﬁ%ﬁ ?Wﬁ%ﬂ%ﬂﬁﬂh@n@éy provide an excellent transmitting

device, transmitting method, and storage medium that can
preferably perform transmission processing to the time seguence
signal of a known pattern so as to improve the auto-
correlation characteristic for obtaining synchronization and so
forth.

[Means for Solving the Problem]

[0020]

In accordance with a first aspect of the present
invention, there is provided a transmitting device that
‘processes radio transmitted signals, comprising: a frequency
conversion means that converts an original time sequende
signal of a known multi-valued pattern into a fregquency
signal to attain a spectrum characteristic, a spectrum
characteristic processing means that changes an amplitude of
a spectrum signal while retaining phase information of the
spectrum, and a means that reconverts a spectrum having the
spectrum characteristic processing applied into a time

sequence signal.




signal of a known nulti-valued pattern into a
frequency signal to attain a spectrum characteristic,
a spectrum characteristic processing neans that
changes an anplitude of a spectrumsignal while
retai ni ng phase information of the spectrum and a
nmeans that reconverts a spectrum having the spectrum
[Oofﬂaracteristic processing applied into a tine
sequence signal. 8 [0021] In exanple enbodi nents, the
t r anSefniph BoefiidiGent s, ARS8 £ Sandhi €t 1 QF MRYEEE edahbiEr s
sequence signal as a pre-anble signal for obtaining
the suavohreniechttion sauuehee reiowiadi ay sipderatigetshemawifoh
a data boq%, 50022 | n exanpl e, enbodi nents, the |
oL AT YITIG U TR MRy 1S GPEREF NGl tte WIRDER atitBn
a dPrPeeSyi ng nmeans that nodulates a transmtted data
body to obtain a nodul ated signal for transm ssion.
[00ZHe nodul ation processing neans perfornms anplitude
and phase nodul ation to the carriers each by the OFDM
mo 8| ek e ssdosdrart an tag akpneni peito desifavesyse FFT
t.o the Lural carrjers, and thereby copverts the
B O T O L ENE
a tidHsRiBr&d GRah Vot he LB nbasgoizkeq él%&éllnwg the
orthogonality of the carriers each. [00Z3] In exanple
trarembodiorentTde tdmlspéct rpmicehatar trennstper fopmocessi ng
means forcibly changes a spectrum anplitude of an
amplytuge nad Phaee SaidaeECsitgnbhe Garracharmnsh bhathe REDM
moaBREFHh Wl 3RPL tal‘rlld%f{g%%fehepg{"f(%m%alinyeys% TRIYE GRe
sighal becones™ equa
plural carriers, and thereby converts the original transmitted

signal on the frequency axis into a signal on the time base while
retaining the orthogonality of the carriers each.
[0023]

In example embodiments, the spectrum characteristic
processing means forcibly changes a spectrum amplitude of an
original time sequence signal, in a manner that the spectrum
amplitude of the original time sequence signal becomes egual to
that of a modulated signal for transmission, while retaining
the phase information_of the spectrum of the original time
sequence signal. As an example, the spectrum characteristic
processing means forcibly nullifies the spectrum amplitude on
the center frequency band and both-end frequency bands of the

frequency domain in use,




that of a nodul ated signal for transm ssion, while
retaining the phase information of the spectrum of
the original tine sequence signal. As an exanple, the
spectrum characteristic processing neans forcibly
nullifies the spectrumanplitude on the center
frequency band and bot h-end frequency bands of the

and; %ﬂo‘%@ggnf#@nﬁ%rpﬁ ua%sph%u%@doé oot hes. L hj?eg%{zﬁcg "y

e on Ions, In a nmanner

a m&PREt EHEt amel khswtauaf axﬁpfﬂﬁ.t@lﬁbgbfladhet bAByinsequence
si gnal becones equal to that of the general OFDM
Seqqﬁqgﬁa$ignﬂiibecqmgﬁaEquaigtbhthqihagethaThenemﬂﬂ ORDYfsilgnel
i nal sequence Si naI %0024 Thus, in
whi g, %ﬁﬁéﬂ%}%&&? & Thforms i gu st htBe; SreEAL bR ¢ he
Squﬁge b8 gnal of the time sequence to be equival ent
e spectrum wavef orm of the general OFDM signal.
[oo%ncordlngly, it is possible for the receiving side to
apply the same filter (low pass filter or band pass
f| Tltue‘-’r:) inoexyeH eofmiddiimsnnal it fhﬁemfeﬂ@gke bethdg anabdah
es .t he cq gh%uct on on the_ receivin

the RBBub & i) R EhE e ne Bleddts reri AR E e B
the & REL 8¢h tRvEREm SREEhL th?n%sfpcspdmgla%lwﬁ@e@m%% 1gnd

e conponents at the th-end frequency bands of "fh
it ipr peasitle Sbgndie rébelwby, side o AEPLESet same Witlhet he

wavef or m shapi ng applied, the peaks of the
(low ppegufditeri es kang E%ﬁﬁprfé%éﬁ) tm|e§clrxrw<fe§hﬁt83ea@9 to
neet the stlgulatlo transm ssi on

xRy L B G0e i les' P TR eRogti Te
receﬁQ&ﬁgbéﬁiet_o attain a hi gher

[0025]

In example embediments, the smoothing is applied to the
spectrum except the DC components and the components at the
both-end frequency bands of the pre-amble signal. Thereby, in a
new spectrum with the waveform shaping applied, the peaks of
the irregularities are suppressed. This makes it easy to meet
the stipulation for the transmission power density by the FCC
and so forth, and makes it possible to attain a higher
transmission power for obtaining the same SN characteristic.
[0026]

In example embodiments, the correlation processing on the
time base 1s performed by the convolution operation, which
however corresponds to the product of conjugate complex numbers
on the frequency axis. Therefore, in the éorrelation

calculation on the center

io




transm ssi on power for obtaining the same SN
characteristic. [0026] In exanple enbodi nents, the
correlation processing on the tinme base is perforned
by the convol uti on operation, which however
corresponds to the product of conjugate conpl ex
nunbers on the frequency axis. Therefore, in the

ereGRLLS) A0 16 G BLLon anbbe cenLer. A bpayeney.

t he par enains as” the tesu

mul Y1t cRE i GRbEOPhdicohR8gSaNi U8Bl & GRFBLEX, RMAber sis and
it is possible to obtain a greater val ue by retaining
posgipd ephas®tainf orgrgkicen. valwer by arerainhey abevehaper ati on
[ocessinggthe tggectrunlanplLtude whi |l e retaining
[
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e spect rum € pre-a e sign securi ng t he
origitnaput &fd eBgh&icd Begpawerildensid o anthipetmhgtinkg the
maxi mum transm ssi on power. In accordance with a
irregpdentitiespent thf spretprresdnthe impeeprdhn sighete i s

sec r.ovi edE%rtrf sn%ﬁ%gn net hod t hat . procgssg&m&%950
HRASHRY Ch4PR T HaPs FOE oy POy 2Rt P dbich :
the GRRYRLR 1 QAnShefk hapogonverts an original time
sequence signal of a known nulti-valued pattern into
a It eguendynsd ghah 4 Gecahdl addpeatspeatheupresent
. characteristic, a spectrum characteristic ﬁgocessing
inventdpny Harerehbh geovaned ipltirepsrel ting rejdedr thasi gnal
rodflibg r£hal pLia phase Informmtion of, the spectiym, and
Procs sFep Rat ™+ ELoHVET 159 pecttim fiad ng thelspedt rum
conetBE 8 LRbSEh L RNOEBESI N oBPP 80t ifd @ eFubh&® signal
sequence signal. In accordance with a third aspect of
of # heopr esBnti-valued pattern into a frequency signal to
attain a spectrum characteristic, a spectrum characteristic
processing step that changes an amplitude of a spectrum signal
while retaining phase information of the spectrum, and a step
that reconverts a spectrum having the spectrum characteristic
processing applied into a time sequence signal.

In accordance with a third aspect of the present
-invention, there is provided a storage medium storing a multi-
valued pattern, wherein an original time sequence signal of a
known multi-~valued pattern is converted into a frequency
signal, an amplitude of a spectrum signal 1s changed while
phase information of the spectrum is retained, and thereafter
the spectrum signal is reconverted into a signal on the time
base.

In accordance with a fourth aspect of the present

invention, there is provided a transmitting device comprising:

a storage medium storing a multi-valued pattern generated by
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invention, there is provided a storage nedi um storing
a nulti- valued pattern, wherein an original tine
sequence signal of a known nulti-valued pattern is
converted into a frequency signal, an anplitude of a
spectrum signal is changed while phase information of
the spectrumis retained, and thereafter the spectrum

cong%%nal | s reconverted into a si%%?h 0 tgg time base.
T 4RE GFHAREE It 1B BUTN s ot TP T the HrRSEH
validW eBLEON, 1hR6rE #r2qRELM dedna ! rARSPIAS IRTafEVi 1GRle

conprising: a storage nediumstoring a nulti-val ued
of papketrumgergnal echily tdtconwverphasg anfomiaginalof ithe

sequence_signal of a known nulti- valued pattern into
SpeGt e oifich CPCEPHHEAT, TR AN enSPRE U sdgnayl into

S t i g i_le_ retai.ning phase .i.nfo ' of
B R N s

modiSIRREbH UiRctiegBahg it @ tAarindRébd QatkhBody;Mankase; a
nodul ati on neans that perforns nodul ati on processing
transpigsieramsaintt ethtddranipuidy; thadud titvahsw pstorrmuaad

hgt transmts the multi-valued pattern read fromthe

t .
Erom £ 5p agePngai RS 45 pf RHETAIBLSigAAR! t GETHEF With2a

trarfs%n??@gﬁ tsti? t&lﬁimla@&i% ttﬁgolg%dﬁlgl%lqu&éla% i.on means.

ect o e Inventio n exanpl e
[Efenhodf nert Snvédtichipossi ble to provide an excell ent
transmtting device, transmtting nethod, and storage
[002¥ddi um t hat can preferably performtransmni ssion
processin .manner .t hat bothb%he ti me sequence

1 GharoBP ¢ LRGN Pttt oF m SEOCAL T 2aRBTE-Snant he

excdITM rodifalied; 54 ARl ceSat fatohi EREn G iaRUbAL 101y for the
- transm ssi on power density

storage medium that can preferably perform transmission
processing, in a manner that both the time sequence signal of
a known pattern as the pre-amble and the OFDM modulated signal
satisfy the stipulation for the transmission power density
without 1owefing the SN characteristic.
[0028]

In example embodiments, it is possible to provide an
excellent transmitting device, transmitting method, and
storage medium that can preferably perform transmission
processing to the time sequence signal of a known pattern as
the pre-amble so as to better the auto-correlation
characteristic for obtaining synchronization and so forth.

f0029]

In example embodiments, it is possible to provide an

1la




wi t hout [owering the SN characteristic. [0028] In
exanpl e enbodi nents, it is possible to provide an
excellent transmitting device, transmtting method,
and storage nediumthat can preferably perform
transm ssion processing to the tinme sequence signa
of a known pattern as the pre-anble so as to better

excéi‘&nﬁ%gaﬁ%{@éi §' ngi& ,art%ﬁhgﬁ{%% §n|%rth<9<§),t aénlr&' ng
synchroni zat1 on and so-forth. n exanpl e
to RO eABA Shaitt cas Pesstbisy berpsQvirdanami ssita
excel lent transmtting device, transmtting nethod,
prowingtm dge hiuh weaubate cdanpt effepalhywipertoem by
transm ssion roce S|ngﬁto the tinme seq?ence su%

shagjida “khGWTpaEt SPHCHY™ ERAPTTG the Spattt UmRatF6rHT
the AIBNLI 3 Id Yiey 90 8% :NBLL LA BCEEAS b0 2640 Gl a

device for detecting t e correlation on the receiving
recsivdag $§030] I n exanpl e enbodi ments, the spectrum

anplitude of the pre- anble pattern on the
[OoiWansn1tt|ng side is forcibly adjusted while the

Do 08 58 05 TSP OUe 1o Cbp TS PANTELFPAF dtf of Pre

amb XN BRREL BT b3l LS MALLRT SEGY NGk SIsTRLEENNAT LeTudead
correlation detecting device on the recéiving side.

whif0@B&] pitdrerindbjrectionantde fadt useseofimdanphich makes
enbodi nrents will beconme apparent by nore detail ed
it RPé%PJr?)ttiooﬁ@Pb%‘éee&hénSH%ru@nﬂﬁ|Cﬁéﬁ?%afdé>§lcr| bed | ater

charac%erls Mlinggggyﬁﬁ] %1mpllf1cat10n of a correlation
detecting device on the receiving side.
[0031]

Other objects and features of example embodiments wilil
become apparent by more detailed descriptions based on the
embodiments described later and accompanying drawings.

[BEST MODE FOR CARRYING OUT THE INVENTION]
[0032]

The embodiments of the invention will be described in
detail with reference to the accompanying drawings.
[0033]

FIG. 1 typically illustrates a construction of the
wireless communication system relating to one embodiment of
the present invention. As shown in the drawing, the wireless
communication system includes a transmitter that transmits a

radio signal and a receiver that receives the radio signal.
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[ BEST MODE FOR CARRYI NG QUT THE | NVENTI ON] [0032] The
enbodi nents of the invention will be described in
detail with reference to the acconpanyi ng draw ngs.
[0033] FIG 1 typically illustrates a constructi §A4R¥166
the wireless communication systemrelating to one
enbodi nrent of the present invention. As shown in the
drawi ng,” the wireless conmunication systemincludes a
[o smtter that transmts a radio signal and a
receiver that receives the radio signal. 12 S04P1166

o0 e rad i
i o e WIGQleRe) B mmbR I S\ el SLETLLEY o Ehid
‘embBgiméne! tCRABUBWE k| e SEHME (RS rik-hnkar e dgPadth s <

covering 3 to 10 Giz in order to realize a
comfta i ealt Sdrangen@rithelh It ¥a igBbspe b velrhiagsITeagi i olaHz
vi ew of the problemof the delay distortion and
inj prder syrbwialiineenf shencedimdercd adnulltia paidh-speed
envi ronments, it also adopts the OFDM nodul ati on
tragapiTiidiat IR rafshPEsthe rushlent opl realded al- ¢berowriyion
rranged o he frequency axjs into the, signal on the
an‘?i ’r@:%’a'sgé’.m%‘?ﬁrelﬂl:%fg%fen‘f eNqRFe MPoMUL 81 tRARR ansni t

en&fg%ﬁqfﬁf%qbkﬁ iég"%$d%EF}E§F;¢EEM Sgﬂﬂsﬁggh;é§%tem that

consi der at'i or the-s 10N

trdd RO %%!%BnQQ%@rpfﬁ¥Eﬂtéﬁbjag%fﬁg%giﬁgfééééﬁiéH1the

characterlstlcf and the waveformo ect rum and
frddifendy ARS8l O R LY 51 §AA Do RedBlide BRI | STROtgist of

specifically restricted.
the invention is to transmit the pre-amble signal of the time
sequence, in consideration for the stipulation for the
transmission poﬁer density, the auto—corfelation
characteristic, and the waveform of the spectrum; and the
transmission system of the data body is not specifically
restricted.
[0035]

The transmitter 10 includes a pre-amble generation unit 11
that generates a pre-amble signal composed of a known pattern
for attaining synchronization, an OFDM modulation unit 12 that
prerforms the OFDM modulation to transmitted data, an RF unit
13 that up-converts the data frame composed of the pre-amble
and the data body into a radio signal, and an antenna 14 that
transmits the radio signal to propagation paths. Fig. 10
illustrates an internal comnstruction of the pre—amble
generation unit 11. As shown in the drawing, the pre-amble

generation unit 11 includes a time-freqguency conversion unit
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[0035] The transmtter 10 includes a pre-anble
generation unit 11 that generates a pre-anble signa

conposed of a known pattern for attaining

synchroni zati on, an OFDM nodul ation unit 12 that S04P1166

perfornms the OFDM nodul ation to transmtted data, an

RF unit 13 that up-converts the data frame conposed

of the pre-anble and the data body into a radio
an.antenna.l4.that transmts the_radi

g
g, gﬁan‘?‘gtrp‘%ﬁé’Sgﬁ%ﬁrﬁﬁFﬁg PEPGRSSHAT s ke candn
I e e-anbl e ener ati on
frbﬁﬁgﬁgg tﬁ@@%%&%%& Qth %Faﬁf%g,. t he p?e anbl e
[ogeperation unit 11 includes a tine-frequency
_conversion unit 13 S04P1166 11A, a spectrum

char B t@riisStnbo@iMGes s itHe prel adbBe SfhA for attaining
frequency-tinme conversion unit 11C. [0036] In this
syerhooi haitiont e padeanpl eishgried tfinte aktaencagof a
nchroni zation is made up with the tinme sequence of a
muﬁ%ﬁ‘(afv%ﬁdj@@tpatfnem prdedriderraduceettheecohputational
conplexity of the correlation

‘ t

cofp LBk '? }ffet RBT SRR HF1 tRiPCa e ooy 6P bbe Thie et Hdw
£ . |

Pl HO B i ST oI st bhe p5EoE 05

Wliququ%CQngatfgggr 21 that receives the radio signal
on the propagation paths, an RF unit 22 that

[o@lown- converts a received signal, a synchronization
processing unit 23 that attains synchronization by
t he omothel @thean hphdG esbengebeiveed Racludes an antenna
21 that receives the radio signal on the propagation paths, an
RF unit 22 that down-converts a received signal, a
synchronirzation processing unit 23 that attains
synchronization by the correlation processing between the
received pre-amble signal and the known pattern retained in
advance, and an OFDM demodulation unit 24 that performs the OFDM
demodulation to the received data body to restore the original
frequency signal.
[0038]

.The wireless communication system relating to this
_embodiment adopts the OFDM_UWB system, and employs a binary time
sequence signal as the pre-amble signal for attaining
synchronization, inorder to s_implify the cdrrelation detecting
device on the receiving side (see Non-patent Document 1).

‘However, the spectrum of this pre-amble signal forms

irregularities with sharp peaks and dips, which deteriorates
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recei ved pre-anble signal and the known pattern
retained in advance, and an OFDM denodul ation unit 24
that perfornms the OFDM denodul ation to the received
data body to restore the original frequency sigiRa#P1166
[0038] The wirel ess conmuni cation systemrelating to
this enbodi nent adopts the OFDM UWB system and

enpl oys a binary time sequence signal as the
re-anb] e signal for attaining synchronization, in '
th%r8%¥£%19%ﬁ9ﬁaéaafaFﬁ8r&8?FSration detecting device on
[Obgglreceiving side (see Non-patent Document 1).
However, the spectrumof this pre-anble signal forns

irr %ﬂ@dl&ﬂg@?,%ﬁg WA R ReIAAdHE PSn WHLtel in this
deteriorates 14 r:' S04P1166 the correl ation

embbal m@iterficitdi®ly] 88305t ACERE dbpitisunt REPMiEBHESSE the
comuni cation systemin this enbodi nent forcibly

pradjuistes patdegpewhiien aephitdle tdfe tdhasepitbeaabtf eon the
pattern while retaining the phase thereof on the
Crangmshing fddsi dend drivenaher dbprowps otks spisetspecerdnghe
and the correlation characteristic while_sinplifying
COb¥fel T Fe FRRTBRTSHET bl iy 18e v Bl bhv e thecepyratption
_ | de. 0401, The e-anble generation unit 11 is
de%%%vlln@[e ev‘\ﬁl%:ﬁ an Q%?i@‘in‘%% v’tq'fghégl gquence si gnal
[osaposed of a known multi-valued pattern as the
pre-anble signal. This original pre-anble signal is
madendppyel nble didrat 16 @il 111isWi-6hidea R ded

original time sequence signal composed of a known multi-valued
pattern as the pre-amble signal. This original pre-amble
signal is made up with the binary value of + 1, which is provided
. by the BPSK modulation, for example, or as the data stored in
a ROM {not illustrated). Here, the pre-amble signal is binary '
(case of BPSK modulation), however it may take a multi-value,
for example, + 1, 0, — 1 more than the binary value.

I0041]

The time-frequency conversion unit 11A perférms the
freqﬁency conversion by the Fourier transform to the original
pg:e-amble signal hy of this time sequence gignal to produce a
spectrum characteristic Hy. And, the spectrum characteristic
.processing unit 1iB converts this Hy into a new spectrum
characteristic G. |
[0042]

As the first procedure for converting the spectrum .

characteristic H, into Gy, the spectrum characteristic
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by the BPSK nodul ati on, for exanple, or as the data
stored in a ROM(not illustrated). Here, the

pre-anble signal is binary (case of BPSK nodul ati on)
however it may take a nulti-value, for exanple, S#4R1166
0, - 1 nore than the binary value. [0041] The

ti me-frequency conversion unit 11A perforns the
frequency conversion by the Fourier transformto the
or| of this tine sequence

nbl I
Pr??ﬁ n? bmg %e%os?%ggt‘”raﬁﬁ &F&r%’&f’t@ﬂ%’c?@ neﬁnﬁhat
t
enb I SRSSH YUNIBAEE) SHLTLE R SERLIB R MR g i

thi¥X.off 942} NSy Id¥eu bi?ﬁap}r_ﬁ%ﬁﬂgur 8o 8£e QY e@i‘lbn%%%&_erum

spectrum characteris Into e spectr

ch&bed et Bl i ipFocdBs SRGRIAOE 108 Oﬁﬁﬁﬁlﬂlgf HOlLti#dEs the
perfornms a waveform shaping in a nmanner that the

spapaoin ampldvefier mief DCheonpEnatd enstie dertatt fiedodes,
with that of the other OFDM signal part. Concretely,

band aengpele rapmpovgatacie thet betprend Seeqgenay tbahtle of the
forC|ny nul,lifies the spectrum anplitude, the DC
‘?,‘B‘}ﬁﬂﬁ%’e femadh théiCentsr Freqgtiatytis SPE&RHUN IR He: ude

h b h-end f band f
on EPEEABRE MBI Hno0Sa Hhek SHHBEREE s e EnBREF LRI ©F
end bl Eﬂgfe Eon SRl CLEYCPEXBAYS (il BeBARE oo

spectrum o re- arrb
sig@gual to that of the general OFDM si gnal [ 0043]

f0043]

Fig. 2 illustrates a state that the spectrum
characteristic processing unit 11B forcibly nullifies the DC
components and the components on both the ends of the original
spectrum Hx, and smoothes the spectrum on the other frequency
regions. As the result of shaping the spectrum waveform, the
spectrum of the pre—an_lble signal becomes equal to the spectrum
amplitude- of the OFDM_UWB part, which facilitates handling.
Concretely, by nullifyj.ng the DC components (center frequency
part) and the components on both the ends of the frequency domain
in use, the spectrum of the pre-amble signal becomes equal to
the spectrum amplitude of the general OFDM signal, which makes
it possible for the receiving side to apply the same filter (low
pass filter or band pass filter) to the signal components each,
thereby simplifying the configuration of the receiver.

[0044]

Applying the smoothihg to the spectrum except the DC
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Fig. 2 illustrates a state that the spectrum
characteristi'c processing unit 11B forcibly nullifies
the DC conponents and the conmponents on both the ends ,
of the original spectrum Hk, and snoothes the S04P1166
spectrumon the other frequency regions. As the

result of shaping the spectrumwaveform the spectrum
of the pre-anble signal beconmes equal to the spectrum

anﬁlltude 45£¥1 OFDM UWB part, which, facil.itates
CORBRBPTIhY . 2R Er EPBPYTERYS rﬂﬂ IHOF‘—% ﬁBet*FfédED@l&&nﬁBHBﬁ?%S

R RS AT RIS o
i a l | 1
kP prearia sl b s s e s

dePOSSY Bhver K@ rcththd 866ttt §hd%w&%s&9@ YsthB18PLattain
filter (low pass filter or band pass filter) to the

a bighnat tcomporiestisnepoher foerabyaiimy ichyi BgmehsN

- configuration of the receiver. [0044] Applying the

chanpolter iffito t he spectrum except the DC 16 S04P1166

- conponents and the conponents on both the ends wl|

[ ﬁ%ﬁress the peaks of the irregularities in a new
.Thi s kes

SO DA GRNEE T BRE e eaﬁ%&%ﬁﬁgé B bR
foﬁ%h ndTﬁgtsl%]r g%' u@gg % oiio Slfglr% %%é teaéapjsﬁ.%al

er tran on power or (0]

tlrﬂ@éééﬁéﬁéé §E%ﬁal olEQQ4oh 1 ey f)geegbh%&o%cteg% ﬁ@ﬁﬁéimd

is achieved by the followng™ fornulla. That 1Is,

pratsng o ke ghall| ovi &g fOmEda, tHNSpREtgunak1at i e
sequence signal of the binary pattern produces a

[00v@Inmal i zed .

[Formula 1]

H
G, = —*
©H
[0047]

As the second procedure for converting the spectrum
characteristic Hy into Gy, the spectrum characteristic
processing unit 11B forcibly nullifies the spectrum amplitude
while retaining the phase information of the spectrum.
foo48]

Here, the correlation processing on the time base is
performed by the convolution operation, which however
corresponds to the product of conjugate complex numbers on the
frequency axis. The 'operations of the correlation processing

on the time base and the frequency axis are given by the following

17




pre-anbl e signal so as to nmake the spectrumflat.
[0046] [Formula 11 Hk G&JHklI [0047] As the second
procedure for converting the spectrum characteristic
Hk into &, the spectrumcharacteristic processiSagri166
unit 11B forcibly nullifies the spectrum anplitude
while retaining the phase informati on of the spectrum
[0048] Here, the correlation processing on the tine
base i's performed by the convol ution operation, which

LopBuLd®r corresponds to the product of conjugate

[OﬁggPlex nunbers on the frequency axis. The operations
0 he correlation processing on the tinme base and

[ngﬁuigqguency axis are given by the follow ng 17
S04P116 formul ae. [0049] [Formula 2] s(T)=J

gty h*gst +)Cl L, S ({)= f )H *(f) [0050] The object
7 el cqg élht@bﬁ“ﬁ essing is h* (t +i) in the
above *f&rnmul a. The correlation cal culation on the
: t\eL eiﬁy corresponds to the case of ti = 0 on
Sfﬁ: ti rge(gggg i )the above formula. On the frequency
[og%gf’ only the real part

The object of the correlation procesgsing is h* (t + 1)
in the above formula. The correlationcalculation on the center
frequency corresponds to the case of T = 0 on the time base in
the above formula. On the frequency axis, only the real part
remains as the result of the multiplication of the conjugate
complex numbers, and it is possible to obtain a greater value.
[0051]

Therefore, the above operation of processing the spectrum
amplitude while retaining the phase information eliminates the
irreqularities on the spectrum of the pre-amble signal, secures
the stipulation for the power density, and permits the maximum
transmission power.

\[0052]

: The frequency-time conversion unit 11C performs the
inverse FFT to the spectrum Gy thus obtained to restore a time
sequence signal gx. The cbtained time sequence signal can be
used as the pre-amble signal on the transmitting side.
[0053]

Fig. 3 illustrates an example of the pré—amble signal g

that is obtained from the original time sequence signal of the
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remains as the result of the nmultiplication of the
conjugate conplex nunbers, and it is possible to
obtain a greater value. [0051] Therefore, the above
operation of processing the spectrum anplitude ®h4Pia66
~retaining the phase information elim nates the
irregularities on the spectrum of the pre-anble
signal, secures the stipulation for the power )
b.de‘nsital, and permts the maxi num transm ssion power. -
LPeE% B T r‘g’éﬁﬁ’élﬁ EPE nRPeHn REGSSF 106t 13 porfor ns
. [hwerse EET to the ectrum (X thys,.obtained to.
11108 R dilahend BROLRETEHT o s BhRREded Sing
' . b L t pr.essa e..Si
B 51 P TR i i B
préXaipl £ sohnhe AR pbl fusidBaknak gl NethdtSopkihal Bathry
fromthe original time sequence signal of the 18
patiiil 1 68owbiranr \apakkar in tdtheodghwihe, alltw editiretessongis
Fig. 4 illustrates an exanple of the nutual
enlgangeas) atevenrkpbdyessi bige drttweemft det tanenbased and the
pre-anbl e signal and the received pre-anble signal

conreal giions pRl Bhe i RprEiPhRcals tAne demabe i saPprepaed e .2
wever, as _seen_in the drawing, the correlation is .,
Lo R d Tt R S e LB R T EP A DaREetic
is Athe, correlation on the peripheral tinme domain is
suppresséd to a low level, which confirnms that the

[oggrelation characteristic is enhanced. [0054]

Fig. 12 through Fig. 16 illustrate concrete examples of
the pre-amble signal sequences attained by using the original
time sequence signals 6f the binary pattern through the speét:rum
smoothing processing relating to the invention. The pre-amble
signal sequences in Fig. 12 through Fig. 16 each have different
original time sequence signals as the elements. Here, the
Sequence Element represents the number of the time sample, aﬁd
the Value represents the amplitude of each sample. With regard
to the Formula 1, the tables in Fig. 12 through Fig. 16 give
the ;results in which the inverse Fourier transform is performed
to the signal Gy with the spectrum waveform shaped on the
frequency domain.

[o055]

The transmitter 10 s'tores the original time sequence
signals of the binary value ofi +1, for eicample, as the law data
of the pre-amble signai in a ROM, for example. And the following

processing may be made: reading an original time sequence signal
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Fig. 12 through Fig. 16 illustrate concrete exanpl es

of the pre-anble signal sequences attained by using
the original time sequence signals of the binary
pattern through the spectrum snoothing processi 8g4P1166
relating to the invention. The pre-anble signa
sequences in Fig. 12 through Fig. 16 each have
different original tinme sequence signals as the

" _elenents. Here, the, Sequence Elenent represents th
cafhTIER G LY, AGrEr T HEC VAP g e e,

pebEoniiY LA 3R B0 {0k ool S dlf £o ke
- splberif SMbl Sthde WGk I:Qfai&ﬁylv@mgfc ef@gﬁé@&n%@ag&%m Isha

performed to the signa spect rum wavef or m

. théhapRik QN pkB€orihi £ UERE Vi kel d) Foh@988] THA€s form to

transmtter 10 stores the original tine sequence
sequgralad 19f geherbiaatlye iataraandfle ighel. exanpl e, as the
| aw data of the pre-anble signal in a ROM for
[0@&npl e. And the following processing may be made:
readingwgn Qriginal tine sequence signal 19 _S04P1166
eacHt i OBRI4HEA T SRINETER; S HAIdR R g- it LeHedalk v
roced pertorm the Fourier,_Jransform.to a
end EESRIRES oA PR b BB i HpL I TG SBE aha
h a i.n on, reafter
end S Brtd shife RIERE STy, 2Ffe sFOSRARLLpac e

oncE@HeRh1 A d caehgs alyRrdRA e AiHaS 8L WtRlred 9856 e Rom

the original tine sequence signals as the | aw data of
as tthe pre-amble signal e thessaBBioht W Il al ways give

one and the sane pre-anble signal; accordingly, the
[00SFduenti al pattern

Fig. 11 illustrates a construction of the transmitter 10
in this case. The transmitter 10 in Fig. 11 stores the
once-calculated sequential pattern in a pre-amble signal
storage unit 11’ as the pre-amble signal for transmission, which
is different form the transmitter 10 as shown in Fig. 1, where
- the pre-amble generation unit 11 sequentially generates the
normalized pre-amble signal to make the spectrum flat.
[0058]

The pre-amble signal gy in this case deviates from the
binary pattern. However, tﬁe trar_;smitter‘side can store the
pre-amble pattern in a ROM or the like as the transmitted data
itself, and can use it. Therefore, the deviation from the
binary pattern will not cause any problem. And the receiver
side may use the binary as it is, in consideration for easily

making up the device.
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once calculated on the transmtter 10 nmay be stored in
the ROM as the pre-anble signal for transm ssion.
[0057] Fig. 11 illustrates a construction of the
transmitter 10 in this case. The transmtter 10SD4P1166
Fig. 11 stores the once-calcul ated sequential pattern
in a pre-anble signal storage unit 11' as the
pre-anbl e signal for transm ssion, which is different

{Ofgép1the transmtter 10 as shown in Fig. 1, where the
8 anbl e generation unit 11 sequentially generates

th - li - [ | t ke. th t
{1 o R f BT UG, S s RBlE By REE
trayh L £od LaMhber v DIk HathebR- c kP8 okNEhe known

transmtter side can store the pre-anble patternin a
- orRMAT tlibe séderase Bhgnbnapsetide idad@raddselik, ianfiso

can use it. Therefore, the deviation fromthe binary
acpeptaivke Woll anudnwizacsaiany offir ohé efevidrd tbheal eakaverthe
side may use the binary as it is, in consideration for
Preayibie spghphdugm the kkwroriginy] tSowPsedaenfeOsiginal
I nst ead. of cal culating the pre-anble signal for .
bY (4RIt 88i ARPVEnPFRECEY ARs Atd &P MYIh OPhEhG AsTan gt e
' Q original ti sequence _signal provided in
10 $FaRou h igh el it e3piReL e SBirnracrivReL dut
th.%(fhect%%‘i' g%et-QTﬁ% %A@eerrf N Rbgegmdle signal fromthe

nown orfglna sequence signal by using the-
[o@dgve procedure, and to nount on the transmtter

The invention has thus been described in detail with
reference to specific embodiments. However, it is apparent
fhat a person having ordinary skill in the art is able to make
meodifications and changes to the aforementioned embodiments
without a departure from the gist of the invéntion. That is,
the embodiments have been presented as illustrations for
~disclosing the invention, and the contents described here in
this specification should not be understood in a restricted
manner. The contents of the claims should be well considered
for understanding the spirit and scope of the invention.
[Brief Description of the Drawings]

[oo61]

{Figure 1]

_Fig. 1 typically illustrates a construction of the

wireless communication system relating to one embodiment of the
present invention.

[Figure 2]
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10 the ROMin which not the original time sequence
signal but the actual pre-anble pattern is stored.

[ 0060] The invention has thus been described in detai
with reference to specific enbodi nents. However S04R1166 -
is apparent that a person having ordinary skill in

the art is able to make nodifications and changes to
the aforenmenti oned enbodi nents w thout a departure
fromithe gist of the invention. That is,

th

e b ok Fre At bLHAE H6ena Fedent B EPESRG SOMBAECREF O

di scl osi the. i ti_on, dth tents,d i bed
EhRFETHITY RRESEREN B CaF R SRATRATOE 58 HRRR: SPoonds

| j . T t.ent . | ai
tnEPelt P SE T InARE a1y SR 3B e B e
sp8BtFirh AL RGO rbfeohd VB IbocHeB i ef Description

of the Drawings] [0061] [Figure 1] Fig. 1 typically

[Fidnhtestylat es a construction of the wreless
comuni cation systemrelating to one enbodi nent of the
present i Fignt3 ohllystirpiree 2h 2%a80lL1dB6hd-ipge-2mble
~ illustrates a state in which the DC conponents of the
sighaliokipigpdcirammtie antoinrl Edmponemeene sigrRlt ¢k the
.ends thereof are forcibly nullified, and the
bingty RAfF&EI™0f the spectrum on the other regions are

SﬁBQt d. [Figure 3] Fig. 3 illustrates an exanpl e of
[FJt e epr j anbl e

Fig. 4 illustrates an example of the mutual correlation
processing between the transmitted pre-amble and the received
pre-amble.

[Figcre' 5]

Fig. 5 illustrates an examplé of the pre-amble signal of
the value + 1.

[Figure 6]

Fig. 6 typically illustrates a data frame configured with
‘the pre-amble (or'synchronization—obtaining)‘signal with the
BPSK modulation apﬁlied and the data body with the OFDM
modulation applied.

[Figure 7]

Fig. 7 illustrates the frequency spectrum of a time

.- sequence signal as shown in Fig. 5.
[Figure 8]

‘ Fig. 8 illustrates an auto-correlation characteristic of
the pre;amblé signal. |

[Figure 9]

22




signal obtained fromthe original tine sequence signal
of the binary pattern. [Figure 4 Fig. 4 illustrates
an exanple of the mutual correlation processing
between the transnmtted pre-anble and the recei vBMP1166
pre-anble. [Figure 5] Fig. 5 illustrates an exanpl e of
the pre-anble signal of the value + 1. (Figure 6)
Fig. 6 typically illustrates a data frame confi gured
e-anbl e (or synchroni zati on-obt ai ni ng)

with . the pr
si griatd we tﬁllwraéﬁg@ IR ERICEA OB Y £88 %’*FW fsragna%u an
Y, t he OFDM no [ation appl.i 7

8ol gl Rr i okt I PHeCtRles ML Bor i Sa8e e the

SEELERE I h . [Flgure 8] Fig. 8
frlﬁ?ustrgFggggﬁ au?géc%¥€é+§3#%ﬁ% characteristic of the
[FR&eramde signal. [Figure 9] 22 S04P1166 Fig. 9

illustrates a construction of the OFDM signal, in

whi afid.haosdbicatraess an ifrtergant eenadtudoidh tdre tdrds

of the frequency domain in use are nullified. [Figure
pratgmidey geh@rialtiost vatesllan i nternal constructi on of

[Fiéﬁ}e 11]

Fig. 11 illustrates another construction of the
transmitter 10.
fFigure 12]

Fig. 12 illustrates a concrete example of the pre-amble
signal.sequence attained by using the original time sequence
signal of the binary pattern through the spectrum smoothing
processing relating to tﬁe invention.

[Figure 13]

Fig. 13 illustrates a concrete eéxample of the pre-amble
signal sequence attained by using the original time seguence
- signal of the_binary pattern through the spectrum smoothing
processing relating to the invention.

[Figufe 14] |

Fig. 14 illustrates é concrete example of the pre-amble
-siénal sequence attained by using the original time sequence
signal of the binary pattern through the spectrum smoothing
processing relating to the invention. '

{Figure 15]
Fig. 15 illustrates a concrete example of the pre-amble

signal sequence attained by using the original time sequence
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pre-anbl e generation unit 11. [Figure 11] Fig. 11
illustrates another construction of the transmtter
10. [Figure 12] Fig. 12 illustrates a concrete exanple
of the pre-anble signal sequence attained by usiSf4P1166
the original tinme sequence signal of the binary
pattern through the spectrum snpot hing processing
relating to the invention. [Figure 13] Fig. 13
il st£ t.es._a concrete exangle of the pre-anble

s y

S1ghghat SHOETH: PAFREELYRYRIHY thFe SBRPEFHEI SEPRhing
i | of bi nary. pattern through the

'Prggg%$$ﬁ§ﬁ§%€%gﬁﬁh§° %Egcégg?%%“gﬁlating to the

[Fhgyeation. [Figure 14] Fig. 14 illustrates a concrete
exanpl e of the pre-anble signal sequence attai ned by
usi id.heeoriPidtlatddTE SSIHENGE exahfl@loOthEhErdi i
pattern through the spectrum snoot hing processing

sigedhtsergencet aetaiwedtbomsinhi g erlislinkiigtihd sequence
illustrates a concrete exanple of the pre-anble

signayh0f ddgubhvarut pat heun byhnsighy thhespe¢giwal stogidiing
sequence 23 S04P1166 signal of the binary pattern

. PIR%R FRéaEHREt FANFRAoBEHRIHG-ONpr ocessing rel ating to

BB g LS 1y 10 1ot
10.. transmitter

- 11.. pre-amble generation unit

11'.. pre-amble signal storage unit

i2.. OFDM modulation unit

13.. RF unit

14.. antenna
20.. receliver
21... antenna

22.. RF unit
23.. synchronization proceésing unit

24.. OFDM demodulation unit




signal sequence attained by using the original tine
sequence signal of the binary pattern through the

spectrum snoot hing processing relating to the
i nvention. [Explanation of Reference Nunerals] $04P1166

transmtter 11... pre-anble generation unit 11'..

pre-anbl e signal storage unit 12... OFDM nodul ation

unit 13... RF unit 14... antenna 20... receiver
antenna 22... RF unit 23... synchronization

21. ..
CLhI¥Eessing unit 24... OFDM denpdul ation unit 24

[C§O4P1%€6 CLAIMS [Caim1l1l] Atransmtting device that

alm X . . o .
processes radio transmtted signals, conprising: a

frequeney GORYeLs! e?vgcfea;&%@%g l;mgnéljn SILS A oLl '@%ted

t1 me sequence signa i-val'ued pa

Sibﬂ&psg.égﬁ§¥mgg%@y signal to attain a spectrum
characteristic, "a spectrum characteristic processing

means firkaiueabgngasve Al @Mplebhddendf brSReekr HA &+ Ofdlal
_While retaining phase information of the spectrum
Cimadsequeranss stigablref oaviendwn andpdctvaimbapatgetheinto a
spectrum
frequency signal to attain a spectrum characteristic,

a spectrum.characteristic;processing'means that changes
an amplitude of a spectrum signal while retaining phase
information of the spectrum, and

a means that reconverts a spectrum having the spectrum
characteristic processing applied into a time sequence signal.
{Claim 2]

A transmitting device according to Claim 1, further
comprising a means that transmits a signal reconverted into the
. time seguence signal together with a data body as a pre-amble
signal for attaining sYnchronization on a receiving side.
[Claim 31 |

A.transmitting device according to Claim 2, further
comprising a modulation processing means that modulates a
transmitted data body to attain a modulated signal for
transmission, wherein the modulated signal is transmitted
together with the pre-amble signal. |
[Claim 4]

A transmitting device according to Claim 3, wherein the

modulation processing means performs an OFDM modulation that

applies amplitude and phase modulation to carriers each,
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characteristic processing applied into a tinme sequence
signal. [Caim2] Atransmtting device according to
Caim1, further conprising a nmeans that transnits a
signal reconverted into the tinme sequence signalso4P1166
together with a data body as a pre-anble signal for
attai ning synchroni zation on a receiving side. [Caim
3] Atransmtting device according to Claim2, further
conprising a nodul ati on .processi ng neans t hat
aPRJAGFHETSS FELHG hip iy rddt tA HoRF % candt ERe¥eky converts
nmodul at ed signal., for trapnsmssion, wherein the .
CHERARGE SPERai e LE ERR TR PrbgerTredq Piay the
= [ I ] ransy t td ] CE, -
R e e R e
[cREOmESPI Nng neans perforns an OFDM nodul ation that
appl i es anplitude and phase nodul ation to carriers
eachs AanSMPL166 dedpR hegokaYReE I EELih®s | hBepbihathe

carriers, and thereby converts the carriers into

‘spetynah scaradietiisté chpseceswihe metrad Morgibhe changes a
orthogonality of the carriers each on the frequency

Spagtsum qunlditpds] of an arHinglnginevéequenasordingli oin a

d ainbgt erein the spectrumcharacteristic

- TIPROEESST Y ERRRITOT I R Eb e P igdeed (dme sequence
. itude of an original, ti se nge .signal, in a

o1 A4I5. 0 M9 L Kol L SeaisngeSonaly A

trahdi é%ﬁ%ﬁiléf@ﬂﬂn%ﬁﬂ&ée qgtlf@.[rmaﬁi%ljﬂ 8k 2k sﬁaectrum
nmodul at ed signal for trahsm ssion, e retaimnng

of PHRS Cort I iR EHAR Séqildiece REGHIUM

[Claim 6]

A transmitting device according to Claim 4, wherein the
spectrum characteristic processing means sets a spectrum
amplitude of an original time sequence signal to a specific
value at a center frequency band and end freguency bands of a
frequency domain in use, and smoothes the spectrum amplitude
at the other frequency bands, in a manner that the spectrum
amplitude of the original time sequence signal becomes equal
to that of a general OFDM signal while retaining phase
information of the original time sequence signal.

[Claim 7]

A transmitting device according to Claim 6, wherein the

- spectrum characteristic processing means nullifies the

spectrum amplitude on the center frequency band and end

frequency bands.
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of the original tine sequence signal. [Claim6] A
transmtting device according to Caim4, wherein the
spectrum characteri stic processi ng neans sets a
spectrum anplitude of an original tinme sequenceS04P1166
signal to a specific value at a center frequency band
and end frequency bands of a frequency domain in use, -
and snoot hes the spectrum anplitude at the other

[Céreﬂugﬂcy bands, in a manner that the spectrum
fipli flide of the original time sequence signal becones

eq“aﬁ tféhgdggggggiﬁggfgsrgécg¥$¥¢iugpﬁﬁaggi#?t$$%§her

retaini’ng p Of Mt T on o e origina

coRBPUEDES S1 A amli€ ah&ékn/%s%ﬁé&émetahegtﬂsw S€ores a

according to Claim®6, wherein the spectrum
sighal aG@niveit 84 HRCLEs: RGmeEadfudide 414281 LB& pre-amble
spectrum anplitude on the center frequency band and
signdl forquenrcnibgndsncRbonizShR 166 a rEhaimifd HNde,
transmtting device according to Claim1, further
conpriesiaig &her prandieleasianal steedafronetine pietamble
stores a signal reconverted into the time sequence

Pattem| stragereanspie txppsmitiet togesharngith a
synchronj zati o n a receiving sid wherein the

crBHRRNGA, BlegnBodP o3’ Fremaiies (v CarbRet  pat t orn

[cBiofage nmeans is transmtted together with a
transmitted data body on transm ssion thereof. [Caim

9 =a transmitting method that processes radio transmitted
signals, comprising:

a frequency conversion step that converts an original
time sequence signal ofra known multi-valued pattern into a
frequency signal to attain a spectrum characteristic,

a spectrum characteristic processing step that changes
an amplitude of a SPectrum gignal while retaining phase
information of the spectrum, and

a step that reconverts a spectrum having the spectrum
characteristic processing applied into a time sequence signal.
[Claim 10]

A transmitting method according to Claim 9, further
comprising a step that transmits a signal reconverted into the
time sequence signal together with a data bédy'as a pre-amble
signal for'attaining synchronization on a receiving side.
[Claim 11]

A transmitting method according to Claim 10, further

comprising a modulation processing step that modulates a
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A transmtting nethod that processes radio transmtted
signals, conprising: a frequency conversion step that
converts an original time sequence signal of a known
mul ti-valued pattern into a frequency signal toS04P1166
attain a spectrumcharacteristic, a spectrum
characteristic processing step that changes an
anpl i tude of a spectrum signal while retaining phase

i nformation of the spectrum and a step that '

CrppEBabERe et Rt b REFRMY # Heodpdeumignal for
acteristi.c pr.ocessing.a ied intq a tine sequence
cxEMBREFE 250 Cufniny TR PAACRRYST i Fitindd SECBRONHE o
to?e@h@%gwiélwéﬁber r Q%B'itesﬁfgnél step that transmts a
I gnal reconvert'ed into the” time sequence signa
[chegether Wth a data body as a pre-anble signal for
attai ning synchroni zation on a receiving side. [Caim
i1 ZAttraasatit t ihggetdbloshanelingd 8¢ d1ai@ al Mwherein the
further conprising a nodul ati on processing step that
modwiRt btre ProceXE 801 PL&p bpet famsiriatt @FDlatnadbbalyido that
attain a _nodul ated signal for transm ssion, wherein
apphiesrodt ditewes pghaphage tpedskAticsd tor 6g8Thers veadt he
e-apble signal. [Caim12] A transmtting nethod
aplies a?ﬁar%%%&%#lﬁplm% SPRTLRES: AAUBREGHY converts
r .0g..step. rns,.an, O-DM nodul at j on _that .
end ek B0 BB o R e onP L BsRfbi g b

or&¥dbnalaRl 68S chBVEL SR E db e RhHr 8leGRAd P S ANd

t hereby converts -
[Claim 13]

A transmitting method according to Claim 11, wherein the
spectrum characteristic prodessing step forcibly changes a
spectrum amplitude of an original time sequence signal, in a
‘manner that the spectrumamplitude of the original time sequence
signal becomes equal to that of a modulated signal for
transmissioﬁ,whileretainingphaseinformationofthespectrum
of the original time sequence signal.

[Claim 14]

A transmitting method according to Claim 12, wherein the
spectrum characteristic processing step sets a spectrum
amplitude of an original time sequence signal to a specific
value at a center frequency band and end frequency bands of a
frequency domain in use, and smoothes the spectrum amplitude
at the other frequency bands, in a manner that the spectrum
amplitude of the original time sequence signal becomes equal

to that of a general OFDM signal while retaining phase
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the carriers into signals on the tinme base, while
retaining the orthogonality of the carriers each on
the frequency axis. [Caim1l3] Atransnmtting method
according to Claim11l, wherein the spectrum S04P1166
characteristic processing step forcibly changes a
spectrum anplitude of an original tinme sequence
signal, in a manner that the spectrum anplitude of
t he orlglnal ti me sequence signal becones equal to
InfREFapIon NodileatBd 9dnghak iner Sequainaisignan, whil e
{CEQE%I rg phase infornmati on of the spectrum of the
original time sequence signal. [G aim14] A

transm thi Qtﬁﬁg%t%%‘&oééjé&ghtn 61%1'211“21% f LeLo, R

spectrumc aract rostic prOCESSI

- sp&RELth 'émaraﬂglafiélgfc BlodBs o1 h Gl Eéb 178 £3 8RUSE Epect rum
signal to a specific™ value at a ¢center frequency band

amphitcwde ohrdtiiesfiye banedsueaty dadd £60ndys €RfRindy Bands .
use, and snoot hes the spectrum anplitude at the other

[Clabyukficy bands, in a manner that the spectrum
anpl i t ude of t he original time sequence signal becones
equdt treaspasting mebeoerkraficonRbros tgnalaihi 9 e further
retalnlqg Ehas iS S04P1166 information of the |

COG i e & Prfre Eé’ﬁEQGEPg’ﬁéﬂmgmtﬁRﬁ%‘} spores a signal

el SAIATR Lhte TRECFINT Bl saPng ATh i PP ¢ ohe

foxs&&cttarlaamngag@hbhygﬁl%[%w e ?re’&feg.@gﬂ §ngyapand and
end frequéncy bands aim 16 fransmtting met hod
acchdirBgnt GhlpHeMalibl EWdh&Irn stored in advance is read

out and transmitted together with a transmitted data body on

transmission thereof. |

[Claim 17]

A storage medium storing a multi-valued pattern, ﬁherein
anoriginal time sequence signal of a known multi-valued pattern
is converted into a frequency signal, an amplitude of a spectrum
signal is changed while phase information of the spectrum is
retained, and thereafter the spectrum signal is reconverted
into a signal on the time base.

[Claim 18]

A transmitting device comprising:

a storage medium storing a multi-valued pattern .generated
by converting an original time sequence signal of a known -
multi-valued pattern into a frequency signal, changing an
amplitude of-a spectrum signal while retaining phase

information of the spectrum, and thereafter reconverting the
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conprising a pre-anble pattern storage step that
stores a signal reconverted into the tine sequence
signal as a pre-anble signal for attaining
synchroni zati on on a receiving side, wherein theso4r1166
pre-anble pattern stored in advance is read out and
transmtted together with a transmtted data body on
transm ssion thereof. [Caim17] A storage nmedi um
storing a multi-valued pattern, wherein an origina
SPEFREUR et Ete 18itgnal séemal kawwrhentiime bakged pattern
is converted.into a frequency signal,_ an anplitude of

a spect CLPYRTaRS BEYERRPF i SE 1PA BF et T DIRY
0 tr i.s . retained, and thereafter the
to L E?gnéﬂﬁzccedu @a.tg_ ngghv%rrlg ed

spectrum signal i into a signal on the

ti Mg, RaSQenli CL LA d8ind %?Qﬂqwatntsjﬂgsd€ﬂé Gfulti-valued

conprising: a storage nmediumstoring a nulti-val ue
pabeéierfegereoat e BYo£O5Y ahddNth 3% @ bgbDahbid Bignal
~sequence signal of a known nulti-valued pattern into
togetfhetueénh)a sirgnahitcddnrgighg laiodditled byehef médulation
spectrum signal while retaining phase information of
meam@. spectrum and thereafter reconverting the 29
S04P1166 spectrumsignal into a signal on the tine
base; a nodul ati on neans that perforns nodul ation
processing to a transmtted data body; and a
transm ssion nmeans that transmts the nulti-val ued
pattern read fromthe storage nedi umas a pre-anble
signal together with a transmtted signal nodul ated
by the nodul ati on
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means. 30 S04P1166 [ Nane of Docunment] ABSTRACT

[ Abstract] Disclosed is a nethod that preferably
perfornms transm ssion processing to a time sequence
signal of a known pattern as the pre-anble and 80p4P1166
OFDM transm tted signal. In data communi cations, the
general practice defines the pre-anble and detects

t he peaks of the nutual correlation to thereby detect
-synchroni zation. -The pre-anble here is defined by the
mﬁ%ﬁa?? Regqunentd %&TRg‘gé"es for sinplification of a

[Aéog elation detecting device. In this case, the
S 138 becones irregular with sharp peaks and di ps,

The TEURGHoGT P TRVARL Gt FREErBry LdPtEre The

The net I Aventi on or Ci

traR66] §BATRLEEYAeHGf 4 Ne Ane- 3BBhEncdalilN 8R L NEown

transmtting side ile retaining the phase
pattéot e itk pheranbleanddtdereing iheneRl bodai sPsmvEes
the spectrum and correlation characteristics ile

secuin dgta siompunficatioons, aheagarrd atraonidetiectinag the

device on the receiving side. [Selected Drawi ng] Fig.
prq-amble and detects the peaks of the mutual correlation to
thereby detect synchronization. The pre-amble hefe ig defined
by the binary value in most cases for simplification of a
correlation detecting device. In this case, the spectrum
becomes irregular with sharp peaks and dips, which deteriorates
the correlation characteristic. The method of the inventibn
forcibly adjusts the spectrum amplitﬁde,of the pre-amble. -
pattern on the transmitting side while retaining the phase
information thereof, and thereby the method improves the
spectrum and correlation characteristics while securing
"simplification of a correlation detecting device on the
receiving side,

[{Selected Drawing] Fig. 1
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