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




S04P1166 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
MOYE nTT e+ TP RASEiFs 28RO Whe B | e¥En e st icBat pERinals

' are ..stipulated, which use the frequenc
cofEXERF D PN BarnbECepbaiiae  SCEOBREBIEg Thkp che
enfHRELY 5BLRE AREPCY BN 82 of h o PAN ART 2 Eomand
e Y,

and. 004] cent a W reless comuni cation system

foidSimgisa_nreldla;ﬁj@bl}M decbansvi dt bspRUest %&/Z\L%r,lghe
GHz, which is called the ultra w de band ( )

pecornainiaoatal metwbak (rANN TORGIGEST &blkeexahiphtion s a
~ wirel ess communi cation systemthat realizes a
ingpgstuctdiont, aneechdtt paohl ghlraspeedmtnbesg Ssifonmaandn twigch
ractical devel opment thereof is expected. At present,
a 0 L-§erd et FARSHPSS| wrC sk awimgt mudtpRiRetlectumtiyre
de‘ir.ncl udi ng t he. S;{)r eanbl e i.s bei ng designed as an access
- deviiins BrTSgRURY BFoPhe: BBt GHATRI € i TR EEreless
comib2+3 ﬂng forg 0%193\% Now, bui | di.n a
P Redo R by Penf i wiaRrors 1o imeattcptioH dufoes 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.
{oo04]

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 communication in IEEE 820.15.3 and so forth.

[0005]

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




S04P1166 the nulti-path environnents, in which the
recei ving devices receive a direct wave having
multiple reflected waves and del ayed waves

over| apped. The nulti-path environnents will cafg8&r1166

delay distortion (or frequency sel ective fading),
which effects errors on the communication. And, the
inter-synbol interferences due to the del ay

théi §G0F 1 Lt Wikl 1 PEnRABRES atfzﬁ whidPQ6) Qé%e%lﬁ edél@iaes

count ermeasures for the delay distortion is

regdite -Laliredt WadBSHRSEhE mSYSiEIa r%fn@e:ttelaewaves and
mul ti-carrier transm ssion systemdistributes

delayed wavesd oveafiappedpl urtad medrtdi-pashoéndl fomeats will
frequencies, the bandw dths of the carriers each

CappR aaf Yo titsine Komakessniancyd sl ectl ve tfadingei véhich

ef%he i nfl uences of the frequency sel ective fading

VYT S UL TEh N ORRM ?‘?ﬂ“?‘Ffb’g‘bﬁfFa‘iorFr efp@ncihe J\nt'seara@wbol
[tiplexin |ng pne of, the I |-carr|er
i RrBERo e & I aBTe e ieRn e 101 bheSeiatecs
h are set in a nmanner that the carriers each are
mutual 'y orthogonal in the synbol interval. During

trapsel $5ic@8 Mid BEAhTBIhOAsuLd® oY St eMaRe L0 B ort ion
serial/parallel conversion to the information

is thensmilttedatnies eftaisnaitssAamh sypabal @il that is
sl ower. than the data transm ssion rate, allocates the

mulfincair rdar at comselssibr mys telve diser it par atdredmiftaredat
to the carriers each, perfornms the anplitude and
datsh&Se PhBEL ot B4 dfiferens Suetuepeiddr rige

baﬁé%ﬁ@&%% g{ﬁgkp the, plural carriers, and thereby

s Earriers sich HsCPW@WrawhécmW%ét
_ dif%ii%ﬂiathSt&QeEQJe.vé i Jk_)g?fuences 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
transmission rate, allocates the plural data converted into the
serial/parailel format to the carriers each, éerforms 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




S04P1166 while retaining the orthogonality on the
frequency axis to .transmt the information. During
reception, the system perforns the operation reverse
to the above; that is, it performs FFT to conve04PHES
signals on the tine base into the signals on the
frequency axis, perfornms the denodul ati ons
corresponding to the respective nodul ati on systens to

| Lel /seri al .
it T e FRC O R TP el e oy S Rhe e

tr&dREmOf | A FioRhQERBLL O . ' LN '
rformat. [005%] TheH%%Emﬂﬁ%%ﬁﬁgﬁg%%&gsg?én%?% S%%%d

peffoitie tHeangatdtion réhersdred esse LMYl 0Engkanpl escin
| EEE 802.11a/g. Also in |EEE 802.15.3a, the

pesfamia FiTz ae | amvErtt heeWWBgoabanut ¢kl oims peiseMminto the

adoEting t he OFDM nodul ati on system (hereunder, called

sig 1AEhE Lxefrenpeygress, Derfaihis ithe temofiel DSiaMB
__system_w th the diffusion speed of DS information
COTeIRANGIZIs £ tBet FRSPeshiYe mpfnlatd opnpupsensME® the
St f transmttin d ecei ving the |nformation
caricry eaghy  BELLOTIR Bl et (Senat COnTPRE Ravihg e
rt.. : f I.GO~ onds.. _1.n
Ger I 90 b1GHNS, g SRl O AR IREE P Poemg fhon

trdftiltatiaonni Snainsier; LxafiRadd on, whi ch performs
frequency hopping (FH) on three sub-bands whose

‘[odwidwi dt hs are 528 MHz each in the frequency band
covering 3.14 to 4.8 GHz, and uses | FFT/FFT havi ng

eac Ahe [GEeEnedu beridc epposed 0fdd@Bedaisntis: Esaadard for
Non- pat ent Docunent 1). [Disclosure of the Invention]

the wieplets LONhd SopveEPhy. timeIERY &92i.8AR/94 Also in IEEE

- 802.15.3a, the 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]




SOU4P1166 [0009] The general renote conmunication
systemwith a transmtter and a receiver conbi ned

transmits the signal for attaining synchronizati
a pre-anble (or mddle-anble) in conbination mﬁfﬁggﬁgﬁ
transmtted data body. [0010] In case of the OFDM UVB
communi cati on system as nentioned above, the tine
sequence is used as the pre-anble, signal for
[oabpai ni ng synchroni zati on (see Non-patent Docunent 1).
Further, the pre-anble signal is configured with the
pat tBren gegferpfie rbimpaeycoimunivarider syeteadutent e
conputational conplexity of the correlation
Lr3ngRessen gish at kece beer o igiedet rébechius dHehissgoat efor
gayes t he ngltiplication for calculating the
AL/ AEYORREAPY 2R hE QUG P iRk taTR ot ket gyidsdiespmble) in
. Fig.. i_llustrates an_exanple of the pre-anble
com ittt % oy EREPHRL Eed 14 Boe, 1 ne BPSK
ogBinary Phase Shift Keying) nodul ation is perforned
[ ] : o .
to a known pattern made up with originally the tine

sequensesd 8£eNCOrbE e <BhAaaRL e Sl - {
t he data body forned of Fhe%FDNInodu?ggggméggﬁgﬁuqﬁﬁa

abwist,aithiengihbeséquendinde ss880hs MheP@rbobmbng §¢hal for
inverse FFT to the signal on the frequency axis. Fig.
atigininigc syhghrohigst ien etsee danaphtane Doafimenr ed Wit h
the pre-amble (or synchronization-obtaining) signa
Funthern g the e Bpglisd fianrénis appl fiianraddwinhb tlae aasceyn
Of Q%%igg t he OFDM podul ation applied. [0012] Fig. 7
T ruStPat€s*t he 4 b FSpEEHFaNTRE SomPHaAsianate 5
complexity of the correlation processing on the receiving side
(because this case saves the multiplication for calculating the
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
illuétrates 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




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 irregularities, which is not preferable f#&04P1166
securing the stipulation for the transm ssion power
density. Especially, the FCC (federal conmunications
conmi ssion) rule concerning the UAB stipul ates that

w<BIE0EE R T AR B ARSINE. 82 e

exceed -

inttieair S ORpl Ene AGGRNY AR sedfletdS g%gﬂgl té?ﬁmyv%gpectrum

system the spectrum peaks are neces3arily to
chaeasteeiktalc aindl lshwep [pteqybdrithiads t Reisanpki Age

interval (for exanple, 4.125 Miz). In the exanple as
prefevwblie fldmseturihg tipowaripspactionntad dike cpeaksi 8dion

the irregularities exceeds 0 dB ( 41.3 dBm ; '
POYVRE rdHHEY -t 0 BEPERGALLY t hithepRECarfifledensli commumidat ions
cc)face .th% situation that the [%)Pwer density cannot

BT BTt SV ReCORTSIPUNG FBR TR efdppbeated| tha chpgpower

¢ I xessary .t conformto the FCC rul e over
Gty HenbuRBReEE e dCRURR ot e Aoc 2 ez,
in¥dau L LRI ogH ta, In Fig.. 7, since
lnthe peaks (%r 321:@1%‘;9?%2 ]%%)%920%1 a?cgg?g}n%%(%'eéa case
of tthe: B tyBYembothe 5 trdm ipeaRBCESEARYL O PVES
transm ssi on powe? %‘?% he mpr}%-alan‘ol e by % dSB on Be
measuanesina (s ai marrdwe s intervaPalantthesbgpl Oh@tingBrohl t (FRr
S/'Nratio. [0013] Fig. 8 illustrates an

eXaFplE- cbr L5 Aiiph. cHar abteekatple ofs shioempin- Bidl €7, the
signal. It is generally preferred that the out put

POWEESFReSt BHY )?'tng]a? Rapkcehttdre drregelarhpiemsacepdsthdB
- B2, R & e, ULBAL Lol des. ot ey phergl
£adeOfhZ Q0L AL + 23h Pha PP iptowe6r 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




is difficult to give a coment that this
auto-correlation characteristic is satisfactory.
[0014] In the OFDM nodul ati on system the genera
practice nullifies the sub-carriers on the center
frequency band and both-end frequency bands of the
frequency domain in use (see FIG 9). In this case,
. S t th I h BP ul ation
o QLPRANE! TN SRR et B e PR R
chafa @i isascshowntiRrhb&G . are clearly dl fferent in the
wavefornms; therefore, the receiving side has to
(00 tch the filter conditions in the pre-anble part
and t part, which_ is inconvenient and

o Ta S o he B8] Sveth: FebAer EoaL FEREC 1ge | e

L et olnar 1 dae or gl o SuseT 50 TEFUeRT SR 8

both+del fargue31 4202P802 -te TFheGhEhEpivmanh . 0Gxe [(8046]
Exanpl e enbodi nents may provide an excel | ent

FIGt rinsrint thiy @heei cehe tarasdmunt phg-irermedaniaiel bt shage

t hat can efe erfoarmtransm s
eesy T s Ca R SRR VoRRC Ciabe SR B2 g orou
sigrifi€ag@ndlcemsignak, fg)%rgbél%a@h.?gdlﬁ¥9&m QR Za! L, QP AfY-rfshe

recei ving side. [0017] Exanple enbodi nents may provide
themfoercetheentct tangneidée ngis devswiecht tlnsAtiltet ng
met hod, and storage nediumthat can preferab

condiEi RS it tAASHHSS STt proEedl (1§etFTY REGWH Paplt tdiah

is Ao Bl U5a TR SERUEREE,  coNDi nati on W th an

[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




nodul at ed signal. [0018] Exanpl e enbodi nents may
provi de an excellent transmtting -device,
transmtting nethod, and storage nediumthat can
preferably performtransm ssion processing, in a
manner that both the tinme sequence signal of a known
pattern and the OFDM nodul ated signal satisfy the

i.pul at jon f t S
patSp S kg e e ERARRCRSLE LanB RSt 0BT ) Yan, ey
modwidedi sBHa3 .may provi de an excellent transmtting
device, transmtting nmethod, and storage nedi umt hat

[00&&hn preferably performtransmi ssion processing to t he
ti e sequence nal of a known pattern so as
i nfiﬁﬂﬁfg ﬁ@b%ir&e‘%&ofnﬁ& %’E‘?Vdﬁecﬁ%reé‘&eé}?%‘i |t6af161i‘lttmg
clevﬂ:tr%t ak pj, 1%¥5.‘1‘?<5‘ 'ﬁéat | 90y and, S mfegi%rg -thVE f or

Sol'ving the Prob [0020] In accordance wt
prefdiabl y asfyelm ot rdnizei ps ReeMirocé 84001 | ON,a WAaher | ltsnat
provided a transmtting device that processes radio
both thgskina eguseeitalss gnebmdt Bskpgyn @att%ﬂqwﬁéythe OFDM
Qnv rS|on ne converts, an_origin
roa GATKE T AU ERE e GHORRLASI B 285 el ek liae o o
powdk B@ﬁwwth&h@ Nalrek PhPlchl By &rSREEE &M B c.
characteristic, a spectrum characteristic processing
[00Itdans t hat changes an anplitude of a spectrum signal
whi I e retai ning phase information of the spectrum
an@“%ﬁﬁ%@aﬁ@b?¢%ﬂeqﬁ§c@ﬁve@%@yléesﬁ%c%ﬁceh%¢ﬂ§vFﬁ@nfmﬁitlng

aov SBECLI MG DRIACURELSH] Corbf QPRI 2P0 IR, B0 & ti e
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.




[0021] In exanple enbodi nents, the transmtting device
transmts the reconverted tine sequence signal as a
pre-anbl e signal for obtaining synchronization on the
receiving side, together with a data body. [0022] In
exanpl e enbodi nents, the transmtting device nmay
further include a nodul ati on processi ng neans t hat
[Oogﬂdulates a transmtted data body to obtain a
nodul ated signal for transm ssion. The nodul ation
pr 0f eS&imge MBS iReht OF Mhe gk vden AR vPBASE ansmits
nodul ation to the carriers each by the OFDM
the msdwhgeitrd $yneemaenagn shoaapl @ Ppertormsle ayversle TFET
to .the ﬁluraL carriers, and thereby converts the,
OGS M TV RS AR %80 O sHfn AP B hY 1 SE ey UEFETN & M th
a ddtd oaysignal on the tine base while retaining the
orthogonality of the carriers each. [0023] In exanple
[00&Ebodi nents, the spectrum characteristic processing
means forcibly changes a spectrum anplitude of an
or Lfyi $ia@MPL £ nglepdduente $hgneransidthingmssice ey t he
ect.ru anplitude of the original ti sequence
ror GRS PUTLA8 L alolligr Xn, Piorar s S BeraFat e
a tidfsmt E AP Ma281 98y WBI b8 :81 8l RbRD ackhes RRgeror
i nformati on of the spectrum of the original tine
trarsggueinwe FhgnaddulAsian mexcanpting tdeans peoifouis
characteristic processing neans forcibly nullifies

amplifade pang PharamidudasEenic the @arters feasgubhcipen SRR

.bot h- end frequency bands of the_ _freq C mai n
modéﬁ%%ﬁgg,s%f%em as é% Fﬁgsp%ﬁﬁeper orms inverse #ﬁg %%(% Fhe

_and SMoo sSpectrum anpli e on
pludlin@hr F RHsONSnd I therdb PBIRE ri atnt BEi $RRAL FUMsmitted

anplitude of the original tine
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,




sequence signal becones equal to that of the genera
OFDM signal while retaining the phase information of
the original tinme sequence signal. [0024] Thus, in
exanpl e enbodi nents, it is possible to transform the
pre-anbl e signal of the tinme sequence to be equival ent
to the spectrun1maveforn1of t he general OFDM signal .

andﬁg&%&%!ﬁgkge ﬁgtfﬁ §ﬁQh%ef8£ the r ce|¥|qg)5|de to

OwW pass eiter or

a ménﬂetzetmat Ctr@agpe@a‘ruhh@m@ﬁﬁhale of rt@ﬁugﬁﬁj’lrﬁ@ngﬁme vvhl ch
sinplifies the construction on the receiving side.

seqa@@255idnnlekanpics emdzddicoeriat, of hehes genétaIngFPY signal

N €gplled fo the spectrun1exceﬁt t he DC conmponents and

whithéetd S BRESChEP L HRAL BR P F FEGURHEY "BANH f t he

seqﬂﬁﬁﬁagﬁﬁﬁ% signal . Thereby, in a new spectrumwth the
wavef or m shapi ng applied, the peaks of the

[oodajreqgul arities are suppressed. This nmakes it easy to
meet the stipulation for the transm ssion power
deﬁ%¢&5/lﬁye¥¢ﬂ?15CEmeﬁ1@eQbecﬂﬁ:hs PoRh vk es0 jtiransform

RQsSs to at hi gher transm ssion
ene 3325 pibfe, DaBhL 30 o ler Bee s T B¢ Rl Sy %
the SHRERLEN SIRAEL ARRYsS thd NRnCPLT Ebriti QR Y10CRSSSAY nRflyt he
tinme base is perfornmed by the convol uti on operation,
it iwhpobsilliengeer tizoireespands st de tdte appDelutie sime dijlugat e
conpl ex, nunbers on the frequency axis. Therefore, in
(low Rasg ofldteat PHrPandaPesd diiilArbrict kackerft dhe1@ignal’
remains as _the result of

ered R B ool Pl SR B Eom) Rt KaR 8% Homber s,
reca@R¥ngtside.

[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 teo 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




possi ble to obtain a greater value by retaining the
phase information. Therefore, the above operation of
processing the spectrumanplitude while retaining the
phase information of the original tinme sequence
signal will lead to elimnating the irregularities on
the spectrum of the pre-anble signal, securing the
fre%e'nB#La&p&”tﬁ@.rreta*leﬁg%“’e{em%%”é'atsy +n@NGL P ﬁ:mo{ftér{ég the
ximimtransm'ssion power. n accordance wth a
mul€gNaeRdt asPeet tf doRgupses @pl bveRbeRd), shheie iss
provided a transmtting nmethod that processes radio
posgifdrshe tabgdisi grmlester omdiesbpngretaihi By udrcyhase
conversion step that converts an original ting

Infgiente Tﬁeﬁﬁg reofthg mﬂﬁn?%ﬁﬁl-oga bi&FopartEth Hhit o
spe%ﬁ?ﬁﬁegﬁgyrEﬁdélﬁHﬁﬂe EgtafﬂﬂﬁglEhéﬁﬁ?ﬁggFfﬁfyrmation of the

aracteristic, a spectrumcharacteristic processing
origitnap thwd sehafges sagnanpliltiudeadftoae siaciat ify sixgnal
whi |l e retaining phase information of the spectrum and
irregudpeptiashan thaeopeciryn ®isphetimemphiald #donpd, spectrum
characteristi procgessing a
Lt

lied into a tine, ..

SeCdIahts L BRETS o b COPABRES LR &Y 1 P SEHEEE 81
the W3S iRERSEAhsni MRt ORer there is provided a storage

medium storing a nulfti- valued pattern, wherein an

origiaabréame seguencecshgnadpeet & throphedniltt i - val ued
. pattern is converted into a frequency signal, an
invenygpPRt Uderef in Riguétedim dirgpamitdngnegided Wwhtte phase
roddibRU AL an, of Lhe spealium i s retained. Jand. .o.c
ProGei&raatier “the SSE% rUR S §hai o PS Fettndert ¢St o a
con®irdgh QRpt Peat idBve PAS@m bPi AGRAT €AL& MubACA sfigﬁﬁlh

aspect of the present invention, there i's provided a
of & kansminulichgvalesdcpatonpr ietog fragqs¢maryagegnaelditsm

storing a nmulti-valued pattern generated by 11
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

11




converting an original tinme sequence signal of a known
mul ti- valued pattern into a frequency signal,
changi ng an anplitude of a spectrumsignal while
retai ni ng phase informati on of the spectrum and
thereafter reconverting the spectrumsignal into a
signal on the tine base a nodul ati on neans that
proceSS|n to.a %ra smtted data

conf mg k! 0519%?32#1 ST OR MEENT W4t Of raddim'? s™Hié

valday bhty@flmqtea&tﬁreaue s1GhoM thengi QY Qe B tieas
a pre-anble signal together with a ftransmtted signa

of annpabarwmishyn&hewhnmdukatdﬂmingephﬁse fEfdecttiof ¢thehe
I nvention] [0027] In exanple enbodi ments, it is
SPegEy bind té‘eﬁ?%@t're&e IERONEREEPY etite FP%‘ﬁ‘“sl’rﬁnt fifpddatee,

a sfpg[n%ﬂsg?ltkﬁ e 9 thad, and 3501 396, AR Y0t DAL SR

erapnly pe ormtransm ssion pr OCGSSI n In a

modiBRAEH pritleshohd dhe tidmnsegsenzeashenal s0f aa known
pattern as the pre-anble and the OFDM nodul ated si gnha

traﬂﬁmﬂssigmtm@ensttmnn arposniftor thhentltansad wsi pat poweread

S|t w thout |owering the SN .characteristic.
frog 68?8? IHFIEXTRPHE Efibd R TreATRLe (% 9pal i RESthFE Wigh a

trar&ﬁn‘}l‘ét&’& Alna® &Ldlg%dtﬁ %Q‘Mdﬁgtggﬂ 'feSns

transmtting net storage ne umtﬁat can

[Efficef ef abley 1peedtiomt ransnm ssion processing to the
ti me sequence signal of a known pattern as the

[00%yde-anbl e so as to better the auto-correl ation
character for obtainin chroni zati on and so
C oR RIS o e b Lo il 2o ProTliedts by o
excél%ﬂ{':oﬁ’fﬁn%n@c'ﬂtlﬁ %e@%%@' | e sl 2PSAE LlcRgq deice,

transmtting nethod, and
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.
f0022]

In example embodiments, it is possible to provide an
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storage nediumthat can preferably perform

transm ssion processing to the tine sequence signa

of a known pattern by shaping the spectrum waveform
arbitrarily, so as not to increase the scale of a
device for detecting the correlation on the receiving
side. [0030] In exanple enbodi nents, the spectrum

exc@ﬁfgrftt lﬂggn%léﬂglgpﬁgv ormt%aﬁ@’ttni’@lf gegxettaﬁd an

transmtting si y adj us

toPhAS et Di rdmBki e treresdhiys pé@E@:tan&anmE%hoﬁakes it
possible to inprove the spectrum and correl ation

Proeseaiagt & ithei temammckvenet wlongl stinpl kivwamebhent by
correl ation detect Igfh evice on the receiving. side.

ShaiG3 ]S GPREF Ub'elt SO dha P LR bY P B £ increase
the SUROUI BRI 0¥k L £ hecort AnBarRNtdy IR &g aled

descri ptions based on t odi nent s escrl bed | ater
rec@inrdngceotganyi ng drawi ngs. [ BEST MODE FOR CARRYI NG OQUT
THE | NVENTI ON]  [0032] The enbodi ments of the
[003%vention will be described in detai I vvi t h ref erence

to_the acco n draw ngs. [0033 cal
T SRS SR O (L FBR e R tieiarua o RhEhier
amb 160 FAHHAE GALhOPh S USEEM] € i3yl B94d O s0REr &MQALARM £ &f
the present invention. As shown in the draMAng t he
whilw rtékesisasec dmrunmatatononhsystfernsi netaides!, awbienswakes er
that transmits a radio signal and a receiver that
1t RosedbiR s RBPF QI Ghsi pratrumIandsERPIaEE-19r0034]

characteristics while securing simplification 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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The wirel ess communi cation systemrelating to this
enbodi nent adopts the UWB system that perforns the
wi rel ess comuni cation using the ultra w deband
covering 3 GHz to 10 GHz in order to realize a S04P1166
short-distance and ultra high-speed transmission. In
view of the problemof the delay distortion and
i nter-synmbol interference under the nulti-path
[Oggxironnents, it also adopts the OFDM nodul ation
systemthat transmts to convert plural sub-carriers
rarr ; . axi s, .0t 0 ' . I he
R o R el S Rt
embb@iRéRr AW sSicaaatwdf st beed i that BMnE: thé wireless
consi deration for the stipulation for the :
cofmanbea 5510 0s pagehedestd WidebanawWeresohyel alizob 10 GHz
characteristic, and the waveform of the spectrum and
int bedex remnsreaddizenasyborm distdvecadand bddyai sigioispeed
specifically restricted. [0035] The transmtter 10
trapgmigrRiony pie-wiay efgehemiatderuaf ttie deflpgtdistortion

ener at es re-anble signal conmposed of ,a known
and e b ErEr perSah ainde a8, BHLL o eHom

enVBUAA 40 drof ddhio PRC| GEOR rlfn b ONE RO eihe
trddi§nidal 3o LARGFOTPASEH oguﬂ%%r@igzgmfaﬁéw dh&dat a
bod I an t hat

ody into a radio ‘signal, an antenna _
frdchafiiy bsithmdadne signal dip tRleopagatiQR Paths. gfdtdor
10 illustrates an internal construction of the

theprievanblien ener atanmimithel breAsmshowignalt b the time
' drawi ng,. the pre-anble generation unit 11 includes a
sequens=shr dguentyldoraterast divtutibe $8iS01MIGE ol Ahea
tratimission pover dansity, 'the auto-dotreiation o0 O
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 modulati‘én 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 construction of the pre—amble

generation unit 11. As shown in the drawing, the pre-amble

generation unit 11 includes a time-freqguency conversion unit

13




frequency-tinme conversion unit 11C. [0036] In this
enbodi ment, the pre-anble signal for attaining
synchronlzatlon is made up with the tine sequence of a
mul ti-valued pattern in, order to reduce the S04P1166

conmput at i onal conplexity of the correlation
processing on the side of the receiver 20. The nethod

of configuring the pre-anble signal w Il be described
hand, the receiver 20

| at 0037 th t her
L R AR, (AR AT 3] SER G PeteA g et SaFo 2Pdral
£r8BubhE, PLARAGR Q0 BBLNG, 2N, £ uni L 22 that
- Srgnarl;

nverts a recerve a synchronization
[oBR@¢ESSi ng unit 23 that attains synchronization by
_the correlation processing between the received

pr e- pirihg ssegbedimdist | Rhek pRWnaf@Bl & &5 iyAt FoRedttRining
‘advance, and an OFDM denodul ation unit 24 that
Sypeht@mxuauﬂma @eDivhddenpdui &l i dre ttaintcheegeeat¥edfdat a
body to restore the original frequency signal. [0038]
m‘ﬁfﬁb Ve patesmpuibcarion sy stesimaceltiei ngupotahienal
odj ment_ adopts the OFDM UWB system and enpl oys a
CO‘BP %’W}f iofe t §eﬁﬁ€ﬁ%3ea§’r%eﬂ’r%est%9ppé thel 8lde g‘?\%lthe

l'i f
reefilvd oBll L r e B Goh et R b SeBP IR i dha
wibl 96 (Bee ?@gﬁpféggg Docunent 1). However, the

spectrum o is pre-anble signal forns
[od37jeqgul arities with sharp peaks and di ps, which
deteriorates 14 r:' S04P1166
On the other hand, the receiver 20 includes an antenna

21 that receives the radio signal on the propagation paths, an
RF unit 22 that down-converts a received signal, a
synchronization 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
‘_embodimentadoptstheOFDM_UWBsystem,andemployseabinarytime
sequence signal as the pre-amble signal for attaining
synchronization, inorder to s_implify the cdrrelat ion 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

14




the correlation characteristic. [0039) Accordingly,

the wirel ess communi cation systemin this enbodi nent
forcibly adjusts the spectrumanplitude of the
pre-anbl e pattern while retaining the phase ther &#PQ66
the transmtting side, and thereby inproves the
spectrumand the correlation characteristic while
sinmplifying the correlation detecting device on the

receivi Si de. [0040] .The pre-anble generation unit
th?lc?gr%f {Hbfhﬁk?ﬁtﬁklsBFngnal ti me sequence signa

[Ogggposed of a known nulti-valued pattern as the
pre-anble signal. This original pre-anble signal is

nmaden i dihly1thec B NAT Yo 4l U@ cRfwun i ca Wb e Nyst R Ui gieds
by the BPSK nbdul ati on, for exanple, or as the data

enBb@Imsht ForkiBOM GAGLsth| tBé r dahrurtiei@litige of the
pre-anble signal is binary (case of BPSK nodul ati on)

prooawvier patteay whkdeareukininvgltles pHase tkanpbf,ort the
0, - 1 nore than -the binary value. [0041] The
transrelfiaguends . cond disnabyuAmProTas pid cipestrne and the
freguency conversion py the Fourier transformto the
COTT AT CPREAGHBT B Gt gk SHIP R ¥Rg besegteptat ion
_ i gnal _t.o produce spectrum characteristic Hk. And,
detrcitis, v Rir it FPeTT B Fddsesi ng unit 118
[og@verts this Hk into a new spectrum characteristic
Gk.” [0042] As the first procedure for converting the

Spe%éuﬁtecaﬂbﬁétiéﬂeﬁidtﬁdﬂ‘ unAt0 18K st PRoPREM WHPh an
characteristic 15 S04P1166

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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processing unit 11B perforns a waveform shaping in a
manner that the spectrum waveform of the pre-anble
signal part matches with that of the other OFDM

signal part. Concretely, the spectrum characterS84F1066
processing unit 11B forcibly nullifies the spectrum
anpl i tude, the DC conponents on the center frequency

fl  band and the conponents on the both-end frequency

bands. of t frequency domain in use, and, snoothes the
e AR Ly ot RESRTErmRIEHCY IS o e

th %rtﬁn\%a\fgk?)rﬁ{) £ ttlilg ambhlee a?ngb l etzrt:lagﬂaes with

econes equa e gene

tha O YLl hEl chgr 'dﬁﬂﬂﬁéigﬁgf’ P at @oﬁ?f’été%’e %B@C%}?#‘ rum

characteristic processing unit 11B forcibly nul I es
chihectdri Ao erestssang it COMPONSiH19Nnael Dride ends

of the original spectrum Hk, and snootfhes the
spapmoin ampdi ttifie, atHwe DCf caprenayt s begtie cendert fLequency
result of shaping the spectrumwaveform the spectrum
bal@ﬂ agifethe eccapionent s grtalt hs oot send) fak quenth dagwecof uthe
|itude of the OFDM WWB part, which, facilitates
G &Omaesnw EESHY :‘ineySmPFhw. e SHECHEVR R HdHde

on I PRI A, A5 ST RS Bt o
th@hp%. FOBAE PR3 800l BATER S o nd BB G

sible for the receiving side to apply the sane
filter (low pass filter or band pass filter) to the
fomzgnal conmponents each, thereby sinplifying the
configuration of the receiver. [0044] Applying the
sno&ibi-ng ibludizxradpectr sheercephtt hbe DPpedifoum

si

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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S04P1166 conponents and the conponents on both the
ends will suppress the peaks of the irregularities in
a new spectrum Gk. This nmakes it easy to neet the
stipulation for the transm ssion power density [9p4P1166
FCC and so forth, and nakes it possible to attain a

hi gher transm ssion power for obtaining the sane SN
characteristic. [0045] The snoothing of the spectrum
is achieved by the followng :formula. That

CoBEPRE &I G P TP Th p@ roFhg; e Wik subpTess
thgg%%tgc:gc ghg Q@regﬁ%%ggg ;ILIeQ alFl So%tggseptre%tﬁ;gwe ke hSI'hJ.s makes
1t595§%régn$éé¥ t Logégbu1£EQSHU£8f1éhé*%r ﬁ%%@%kloh géﬁér

e second procedure tor converting the spectr

defiftABheEhS e dla Bl KEh, LHE rRRG! {UPLehapRE RS hbtdn
processing unit 11B forC|ny nullifies the spectrum

a aigheéet udenamiislse onepawai nfot hebpdiasing mher saine o8N of

- the spectrum [0048] Here, the correlation processing
chamactrrigtne.base is perforned by the convol ution

- operation, which however corresponds to the product
[0®45konj ugat e conplex nunbers on the frequency- axis.

1T ARSI e SOrS ol 91 RLOSEIRG P EBRng
fof-rﬁlllao.w @ﬂaé‘715$0b4}ml£§gg the following formula, the original
time sequence signal of the binary pattern produces a normalized
pre-amble signal so as to make the spectrum flat.
[0046]

[Formula 1]

H
k
[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
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formulae. [0049] [Formula 2] s(T)=J g(t)h*(t +T)dt
S (f)=¢f )H*(f) [0050] The object of the
correlation processing is h* (t + i) in. the above
formula. The correlation cal culation on the cent &04P1166
frequency corresponds to the case of ti = 0 on the
tinme base in the above fornmula. On the frequency
axis only the real part remains as the result of the
p i gllcation of the conjugate conplex nunbers, and
OFP“ %“possible to obtain a greater value. [0051]
4 Lefore, t he above operation of processing the
spectrum anplitude while retaining the phase
[rbPh@dedj on elimnates the irregularities on the
spectrun1of the pre-anble signal, secures the

oL .t he power denS|ty and permts the
rﬁf Zﬁ}knﬁéé1ﬁ Hower. [0052] The frequency-tine
conve an unit 11C perfornms the inverse FFT to the
,_@ylfg%gwig btained to restore a tinme sequence
ai ned tine sequence signal can be
used as the pre-anble signal on the transmtting side.
[0? 53] Flg 3 illustrates an exanple of the pre-anble

gnal g that is obtained fromthe original tine
seql}”@ﬁc PaPghaPT ofhe e TR 3542P1REBCe B AT DAYt dint )

in E:Hé %%%Qet%%m%q%v.e 'Pﬁg %8§ref§tlon galculatlon 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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illustrates an exanple of the nmutual correl ation
processing between the transmtted pre-anble signa
and the received pre-anble signal. The pre-anble
signal gk is not of the binary pattern. However SO&31166
~seen in the draw ng, the correlation is enhanced
remar kably on the center of the tine base, and the
correlation on the peripheral tinme domain is
b.suggressed to w | evel, which confirnms that t he
e

Pt c,tIJi’EPéﬂ@ FP@t‘f‘}&OV‘F PR - [56%4] Fi g.

11} st QUG nb of bEUSHE NG CONCLS12123MR! 8508l coing
€ Si naI sequences at tane by us

be%é&& Nale drlafBnd 8EUANGEe S S‘s naiNg ol Eﬁ[ayer@é}.x%&‘

hrough the spectrum  snoot rocess| ng relating to

préhﬁnbwemghem e pre- é’fﬁ@i@m%gméﬁk BEHHRNEL T hleNo Ty
12 through Fig. 16 each have different original tine

pasegrenCHovegan) sashsekheiel/edrawihigl eshd herrSegueoneis
El enent represents the nunber of the tinme sanple, and

enhdncedh|negarépbdyennsthhecentpi fdéhef témehbgaapl and the
Wth regard to the Formula 1, the tables in Fig. 12

,c°¥1fﬁ3élfgll?nFP§ thg @@Whetlﬁé FABA| 4aMa iR \itf @h‘PPﬁésﬁﬂ@e‘i'%é‘

uri ra sfor rfor to.the s

Loy v T T SRPeH-5h ik ES TP iR By BRESS HEh A e
is [QQp2l.cghe transmitter 10 stores the original time

sequence  signals of the binary value of 1, for
[o®@nple, as the law data of the pre-anble signal in a

ROM "for exanple. And the followi ng processing may be

madeigl eptlivigorghori gl nal 1Ll 0Bt s86d R rSt@Nakamdbes of

S04P1166 each tinme of data transm ssion; according to
tha peeabobie priggedusequences attained by using the original
time sequence signals of the binary pattern through the spectrum
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, and
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 of + 1, for example, as the law data

of the pre-amble signal in a ROM, for example. And the following

processing may be made: reading an original time sequence signal
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performng the Fourier Transformto apply the
processing to the spectrum anplitude while retaining

t he phase information, and thereafter, performng the
inverse Fourier Transformto sequentially gener 804’1166
the pre-anble signal. [0056] If the original tine
sequence signals as the law data of the pre-anble

signal are the sane, it will always give one and the
sequenti al

" __sane _pre-anbl e signal ;, accordingly, th
caghFBP Pt G- EARETT S8 P R CEPET IS RS APV RP TSR Be
' t re- Le .sign .
pefShthd Bnd BEBEE RS0 01 £0 0 O} OBRLe Shing co ene
- spEONSln Wabl PPudd g ot FaPs RIS rthleo}ﬁhé&'tiﬁ'fér&éﬁﬁon-r%d
transmtter 10 in Fig. 11 stofes the once-cal cul afed
: th@ﬁ@amﬂ,abe@abt:ﬁm?i thé HeeHDIRuTgRatrasé esAgedIni t

11' as the pre-anble signal for transm ssion, which
sequeerdi ifffldvegenépate t Hiee tpansmldlieccsidfahs shown in Fig.
1, where the pre-anble generation unit 11
[0@xgjuential |y generates the normalized pre-anble
signal to make the spectrumflat, [0058] The
pr e tanbie oFighafl kit SeAPenegsT isa 8t dat fata of
bi nar ttern__However, the transpitter side can
thPOREAPRE" eBRdnTe (it FOPR i1 ALANT DI g TP PR end
thd REnt LARSOEI £ 02LS ; L8 dindDf CAD sUSfeht 1a1 pate
T ere?g%e, Uhe deviation 1Tomdt He %?ﬁar epa%?eﬁf\mﬁﬁn
ondiOba CauBe AN ¥nPE D @Mn ANE tkhe16 §es ¥ETst AL i HBYhdI FOM
the binary as it is, in consideration for easily
as ki pgedpmbhe shexice.fc30 thansh4B1166.
[0057]

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.
[6058]

The pre-amble signal gy in this case deviates from the
binary pattern. However, the transmitter‘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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[ 0059] Instead of calculating the pre-anble signal for
transm ssion on the transmtter 10 on the basis of the
known original tine sequence signal provided in
advance, it is also acceptable for a manufact ur 80413166
the device to calculate the pre-anble signal fromthe
known original time sequence signal by using the
above procedure, and to nmount on the transmtter 10

{ObgglROM in which not the original time sequence signa

the actual pre-anble pattern is stored. [0060]

The Jiwantd 0p Dasclius; pean deseripedei o, dotalf i th

reference to specitic e nts. wev

traﬁ@@wﬂon bhatha PLLAN favi 19 gL dina é%sa@ bk tﬂetlafown

art is able to make nodifications an hanges to the

- or A LT ieO SHROGE BB Sprovidtinda@epard e {5 so
the gist of the invention. That is, the enbodi nent s

achepealikee fopr @ senteith asuddd oSt £hé | s deoko dasclibstaghe
the i nvention, and the contents described here in

pretamopedppat dittaoh thadmekmorigénahdsimst eeduence signal
restrlcted manner. The contents of the clains should

by Reipg F %o%%q‘f@e%ace#%eurﬁd& &CaMRNHg oPhEhe ptﬂfﬁﬂfswer
| f B De f

10 35905814 P 5L o B el RS EBLARRRC s 0SS e
thé lddiskh gaa, Qmﬁf@%éiﬂ:%x}norlswst%ggd wirel ess

communi catron systemrelating to one enbodi nent of the
[og¥@sent invention. [Figure 2] 21 S04P1166

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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Fig. 2 illustrates a state in which the DC conponents

of the original spectrumHk and the conponents on both
the ends thereof are forcibly nullified, and the

anpl i tudes of the spectrumon the other regi onsSeR1166

snoothed. [Figure 3] Fig. 3 illustrates an exanpl e of
the pre-anble signal obtained fromthe original tine
sequence signal of the binary pattern. [Figure 4]
Fig. 4 illustrates an exanpl e of the nutual

cor riEtht Pohl T €S AgdtandBnivi i thaddficopegnents of
- anbl d th [ -anmble. [Fi Fi
e B L SR B D PG AR 6 R, P
=+ . X .
b kgl QLR i PR a1

spEYPEI W 23Hd QRnabl Begidth diRloonl.the BPSK
nodul ati on applied and the data body with the OFDM

[Fimpae afli on applied. [Figure 7] Fig. 7 illustrates the
frequency spectrumof a tinme sequence signal as shown
in Fig. S5FigFi yuiEl 8jtrEitgs 8ni kkamplates tde pre-amble

~ auto-correlation characteristic of the pre-anble
s:l.gql%éqb_tapppguﬁ@rg]thgzomkglme sequence signal of the
binary pattern.

[Figure 4]

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 aplﬁlied 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]
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Fig. 9illustrates a construction of the OFDM signal,
in which the sub-carriers on the center and both the
ends of the frequency donain in use are nullified.

[Figure 10] Fig. 10 illustrates an internal S04P1166
construction of the pre-anble generation unit 11.
[Figure 11] Fig. 11 illustrates another construction

of the transmtter 10. [Figure 12] Fig. 12
|IIusIrates a concrete exanple of the pre-anble

si gnatd seqttHtF s AP THSTAG 1 He tBFi Ghsiopad, 1n
L of th bi tt h th
T e N

fré&M&%y Q{bma[ ﬂ gur ESA%FE Igull’lf:f il ustrates a concrete

exanpl'e of pre-a S|gna sequence attai ned by
[Fughr@ idye orlglnal time sequence signal of the binary

pattern through the spectrum snoothing processing

r el atiigng 100 itlthestAxesd i on.iddergane cddicFuge idd of the

illustrates a concrete exanple of the pre-anble
pretywale sgpeopgeacdont tainell by using the original tine

sequence signal of the binary pattern through the

F%%é‘?ﬁ ridrh smoot hi ng  processing relating to the
15 illustratfes a concrete

t . Fi 15] Fi
exandte 4 LhbIREcE A thed spoebRuETar Ak HHfed by
tréi'?én{l%tel}el‘ar_i gi nal ti rre sequence 23 S04P1166

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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signal of the binary pattern through the spectrum
snoot hing processing relating to the invention.
[Figure 16] Fig. 16 illustrates a concrete exanpl e of
the pre-anble signal sequence attained by usingSt4Ril6e
original time sequence signal of the binary pattern

t hrough the spectrum snoothing processing relating to
the invention. [Explanation of Reference Nuneral s]

.10.1. %rﬁg; itter 11... gre-anble eneration unit .
Sigpal © p? - %Eyspaﬁsﬁr tBP%@HQQnﬁ spectrugrgpothing
' Lt 13..,. RF.unit, . 14... antenna 20...
prBBls B A pttiho o, enE i fibhes gl L AN o
[F$YALAT Of zation processing unit 24... OFDM
denodul ation unit 24 SO4P1166 CLAIMS [Claim1] A

trarsig.t 16Ny de28 dNal cHf OLASS BRakgTh O taBSPIé Ifkbile
signals, conprising: a frequency conversion nmeans that

sigoal erdiearcoat gahadd Wy msisggtkesce isigadl tohe asdnmmee
_multi-valued pattern into a frequency signal to

signahiof £hepbénpum pabracn erlimiigh thesppettum smoothing
characteristi¢c processing nmeans that changes

_pProcessing relating to the invention.

[Explanation of Reference Numerals]

10.. transmitter

- 11.. pre-amble generation unit

11'.. pre-amble signal storage unit

12.. OFDM modulation unit

13.. RF unit

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

22.. RF unit
23.. synchronization proceésing unit

24.. OFDM demodulation unit




an anplitude of a spectrum signal while retaining
phase information of the spectrum and a neans that
reconverts a spectrum having the spectrum
characteristic processing applied into a tine segugrnaes
signal. [Caim2] Atransmtting device according to
Claiml1l, further conprising a neans that transmts a
signal reconverted into the tifre sequence signal
together with a data body as a pre-anble signal for
CL&F?’ﬁi ni ng synchroni zation on a receiving side. [Caim
[Cﬂlié iLansm' tting device according to Claim?2, further
conpr1sing a nodul ati on processing neans that

ggb&lr %gsgﬁltn%ﬁgsﬁg'&z{:c[eed t(ijl%'i:a nggsée\?% ai!:atcﬂion{:%ansmitted

ate g for ransm $si on, erern €

Sigﬁgyg,atgg“ﬁii@ﬁb:i s transmtted together with the
pre-anble signall. [Claim4] Atransmtting device

accof direguefctl ebriirels MIEehAst fgat MRGHIc3tis08n original

processi ng neans perfornms an OFDM nodul ati on t hat
timpptémsermmisigndd afda phasen mditiathdnetiopsatéierimto a

each, 25 SO4P1166 applies inverse FFT to the plural
fre@ienet $1983d tRerbByLR o \aRag-rurhehagaetersstig.o

signals on the tinme base, while retaining the

or t FoFBREFTYY CHRTRRteEAPt i e MrosssRing nass tBgLehapges

| S ai.m 5] A transmtti.ng,device, accordi to
an G e R bR O A P a6 bF ST Bhbee
infEGRASSNGETEABSSLOLCHR Y hanges @ spectrum
0

anpl i tude of an I ginal” tine sequence signal, in a

nManaehedhat thAte reReekewiagpiid 4demOhal/ Bg OF hdi Pt rum
t1me sequence
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 sjrnchronization on a receiving side.
[Claim 3]. |
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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signal becones equal to that of a nodul ated signal for
transm ssion, while retaining phase information of the
spectrum of the original tinme sequence signal. [Claim
6] Atransmtting device according to Claim4, wseiriiss
the spectrum characteristic processing neans sets a
spectrum anplitude of an original tinme sequence

signal to a specific value at a center frequency band

'andeend frequencggbands.of a frequency domain in use,

appldesigtiares Tkt hEe Brltredri T ints . aid Fherdihepnverts

freguency bapds,, in.a mapper_that the spectrum, .
e SRS SRC0 R 98P 8 bl e SRS BATEn S G BiegnRRe
- I ignal [l .
orEibnat £k (V% (He 2aSETELR SER0R AN inrtipfey i
[c3ggmenfe signal. [Aaim7] Atransmtting device
according to Claim6, wherein the spectrum
charaairemisatit€ i fg AkRETeNgciBadsngWd cihes 3 h@herein the
spectrum anplitude on the center frequency band and
‘spentirufir etpreietigtds . pR6cess BRI RILGG flo€ledbhy 8dhadnges a
transmtting device according to Caiml, further
SPEEREY SAMRY Id ueechn e sinadn timer sg@uennensighal . in a
_storeg a_ .signal reconverted into the tinme sequence
- maRpghAPagd EH B GHlg of fhepRigingddime sequence
. oni zation _on,a receiving sigde, erein
51U DA SR TN el R e i anees St dior
tr&h&h A4S JFE RS 1S rLEAMBMRY {nﬁgsé qgl%k?ﬁét%ﬁ B QZ#'IE spectrum

transmtted data body onm transm ssion er eof .
of the criginal time sequence signal.

[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 sigmal.

[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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[Caim9] Atransmtting nethod that processes radio
transmtted signals, conprising: a frequency
conversion step that converts an original tine
sequence signal of a known nulti-val ued pattern BAtll166
frequency signal to attain a spectrum characteristic,
a spectrum characteristic processing step that changes:
an anplitude of a spectrum signal while retaining
[Cﬁhase i nformati on of the spectrum and a step that
8¢Bnftrts a spectrum having the spectrum

b > oo ! i . b
o griat RGO REREL R SRR Rl L B T P HE o
cofab@i BY Sy 4 WAd1mp1COPRELSHATsBoSISP il thaPsShidse& a-

signal Teconverted into the tiInme sequence signa

siyAgetRiontei-Bed H9AALRO @Y maSs@nitR=0diit1 853 Blefftible
attai ning synchroni zation on a receiving side. [Caim

sighhl Af ¢t ansrdiirtingg syathednbzaot ch roh 2o rekbai midg, side,
further conprising a nodul ati on processing step that
nmoduhkekesing the7pseARitbs signms nicade frdut the qele tagnble
attain a nodul ated signal for transm ssion, wherein

Pat HRI LRSS "SRG Hal S| sransmkhied dPIetbgEt Wkt vl t h t he
re-anbl gnal .. [Aajml12]. Atransmtting nethod

eran i, FreoPsih T, SRR P CRBaAF ati on

rcP4 qﬁsing step perforns an OFDM nodul ati on t hat
appli'es anplitude and phase nodul ation to carriers

eachy tr8RBhi £6iAP R Ehat Opthbedldd 2hatar & +£ i e
t hereby converts
signals, comprising: '

a frequency conversion sﬁep 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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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 Caim1l, 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

e ori ti_me. sequence, signal becones equal to

th i I
trFHﬁPlBFg%nﬁ?&wboﬁdéfd TS GhEPIROR MQFWRGRCS STGREIWAPY e
i ni h i.nf ti f the, t, ft
B b AL PNRRS L S bigafled (PR R Reatlnd
tog&@ﬂémmggtﬂ@ dgesardigg.fo Aaiml2, wherein the

pectrum charact'eristic processing step sets a
[cgpeat{2ym anplitude of an original time sequence
signal to a specific value at a center frequency band

and erdahsaduensy meahdd. addomiidy €6WARGH U0 MBherein the
use, and snoot hes the spectrum anplitude at the other
mofiv baftieric yorvares ingn shepapaefotimatant WEDYpeotinlation that
anplitude of the original tinme sequence signal becones
apeltes MR itge Gﬂdapgéﬁ%rmdldfmmoﬁ GRaFawkiees each,
refainin hase 28 S04P1166 informatiaqn of the
ap%f’reg? ﬁavgﬁ%g@et@%% BlBrgharrriers ﬁmls'ih%etby converts

r Ntti. ccor.di tq Caimld, wherein_the
end CAITLEL A JTEL B0 S0600 Rk haddl hife rMIGEELR, e

or@r&?aﬁﬂmtyawl khdd8a PP dNe LRI o £heqHeagY.hand, and
en b [ ]

frequéncy bands. [Caim16] Atransmtting nethod
[cBRgiGordiing to A aim9, further conprising a pre-anble
pattern storage step that stores a signa

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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reconverted into the tine sequence signal as a
pre-anbl e signal for attaining synchronization on a
recei.ving side, wherein the pre-anble pattern stored
in advance is read out and transmitted together SoiRih66
a transmtted data body on transm ssion thereof.
[Caim17] A storage nediumstoring a nulti-val ued
pattern, wherein an original time sequence signal of

_ng known nul ti-val ued pattern is converted into a

PENREHY <F g crdFiaapl Fiidesverssheddngh: si gnal
[cis ch ged whi | e phase information of the spectrumis
Qi ne and thereafter the spectrumsignal is

r ecom%hggltwﬁg SRHA AP ch RBAPE, @i ione

18] Atransmtti evice co ofag

| sp§&@futﬁ]ﬁh§r%i:éfi¥@i@ﬁgoeégéﬁrﬁ‘ sggﬁq{ﬂtlg(%legythe spectrum
converting an original tine sequence signal of known

ampli tudey ahugik pahter 1f regiuendy HLeuend kndl ;gf@;luerfélyaﬂswid"sg
an anplitude of a spectrum signal while retaining

[Chbmel6li nformati on of the spectrum and thereafter
reconverting the 29 S04P1166 spectrumsignal into a
S|gﬁhﬁléﬁsﬁﬁétﬁpﬁem%%ﬂﬂﬂ gravsddngt tonChedins? + Hawrther

erforns_nodul a rocessing to a transmtted data
ol AL PR o PARLAPELT G AETASEIFRR Hlo A 55+ fes ol
redMidotal 456, BEURGLEAIE RTALE 51 130 MBS AR,
Maélhﬁﬁgbléyhgﬁrgﬂgﬂéﬂérp%n @%%ei@@ng side,

wherein the pre-amble pattern 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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S04P1166 [ Name of Docunent] ABSTRACT [ Abstract]
Di sclosed is a nethod that preferably perforns
transm ssion processing to a tinme sequence signhal of a
known pattern as the pre-anble and an OFDM S04P1166
transmtted signal. In data comunications, the
general practice defines the pre-anble and detects
the peaks of the nutual correlation to thereby detect
synchronj zation. The pre-anble here is defined by the
SPBFREFY AR iiRtRost séasad ebrtie rpiner bageion of a
corre:I%H <1n detectin evice. In this_case, the ,
spect UBELBREREFR GaPeRfPRME AP lpedRe BRACHTHI
[ ri tes .the correlation characteristic.
toﬁeegrae’?%‘gl qstl faka, HSgﬁfi%’ﬁé forcibly adjusts the
spedd rﬂi@n%'iﬁ%'s&gﬂ emmﬁéﬁlé hen ﬁfx%!mlmgtsp@ﬁé St LV Riea
transmtting side I'le retaining the phase
pattéai el DEheEaefl stantgd heL @ e anBLBoghmb 1O HMfs1
~the spectrumand correlation characteristics while
togechsr wdths pphnfntatedighad meduleltad oy ttet eedalg:-ion
device on the receiving side. [Selected Draw ng] Fig.
meansy.|
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