S04P1166 [ Nane of Docunment] SPECIFICATION [Title of.
t he I nvention] TRANSM TTI NG DEVI CE, TRANSM TTI NG
METHOD, AND STORAGE MEDI UM [ Technical Field] [0001]
The present invention relates to a transmtting Sop4P1166
device, transmtting nmethod, and storage nedi umt hat
process radio transmtted signals. The invention
- specifically relates to a transnmitting device,
~transmtting nethod, and storage nedium that perform
-B¥gele odd@oaraephhsePRRIFACGHTION to carriers each,
erforminverse FFT tq the plural carriers to convert
ﬁﬁé&q o Ehei FBVERSEPY gnal s whil e mai ntai ning the

TRYRERER Yr Bty SrlREF e M oA TR grom

ﬁ%@@ﬂnﬁggﬁhgggFa Frequency Division Miltiplexing)
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signal . urther in detail, the invention

f®lo)ayes to a transmtting device, transmtting

nmet hod, and storage nedium that performtransm ssion

pr oceshengrderm kAowhi: pad renatskof@la tkehsmit|im Agvice,
synchroni zation on the receiving side, specifically
trensmt cansgi e tingd derd etoragasmediumgtimst howcessdradio
storage nedi umthat performtransm ssion processing to
tFopsnMe tef e Ssi gRas imyeatdpnvwrer s itdadd vseeglatire to a
together with an OFDM nodul ated transmtted signal. _,
YBRERGFHUNT HH CC [ 668BFIFRHEIRG MatEes: | AR Rforage medium

t%% rg&%ﬁgmg%H%EQ%QQQHQM?%%SQEiéghéfgtion.to carriers each,
perform inverse FFT to the plural carriers to convert them into
time base signals while maintaining the orthogonality of the
carriers on the frequency axis, and perform transmission
processing to a transmitted OFDM (Orthogonal FrequencyDivision
Multiplexing) signal.

[0002]

Further in detail, the invention relates to a
transmitting device, transmitting method, and storage medium
that perform transmission processing 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 workspace
such as an office, which nakes it possible to nD\B®4P1166
per sonal conputers and ot her conmunication termnals
conparably easily. In recent years, acconpanied wth
the enhanced speed and reduced price of the wireless
LAN, the demand for it is remarkably increased.
' ESPEEPRITNRtr eREYRVSE ushes fyensemt rapble pengwik ipPAN) the
Lsé%ﬁder the exam.nation for jnptroduction, so that

AN o n TesHr s essebaN o nat Tuihata Hosh ofnii red cabdes
W rel ess network . .using nuLtiple el.ectronic ..device
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evi ces are stipulated, which uset requency

- deapdwkgt bsed bty o MOt-o cERAULEST @, |dLAPRNBES BELh the
supervis?ng agé%cy, sucﬁ as g.4rc+h Lbandnand‘5G+h

didatlcefAHMG &Kok eatiliyed priviceel £5Re GARBUBES AlAN) NcIsy SEAAL
using an ultra w de bandw dth covering 3GHz to 10

ferz itwiabchenaricd lwedncreasedl t rEspiicdelBgnde¢enBly, the
conmuni cation' has drawn considerable attention as a
PREFERas sAESFMART RN dR2Y st eninfar flemlgedngtion for

.Short-di stance u] tra-hi gh speed transm ssjon; and the,
A RERRE BEO R\ bPAEREIEHEr EBF GUTMAIEEE 6t TR L th

o BB oL 1L ANNRONBUSLEMA LD @ RAGKE! SLLUSLNLE

I nCl udi ng preanb e 1S pelng daesl as an access

deQategl sm%ﬁ‘iﬁgrpédier VB, o el | 90f £y difERireless
820.15.3 and so forth. [0005] Now, “building up a

cWtnmBh @65t NGk Wifdt elnd @ndl ORIMANdds BBKRunication devices are
stipulated, which use the frequency bandwidths that dc 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
preamble is being designed as an access control system for the
UWB communication in IEEE 820.15.3 and so f_orth.

[0005]

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




2 S04P1166 the nulti-path environnments, in which the
recei ving devices receive a direct wave having

multiple reflected waves and del ayed waves

over |l apped. The nulti-path environnents will caus®4P1166
delay distortion (or frequency sel ective fading),

which effects errors on the communication. And, the
inter-synmbol interferences due to the del ay

di stortion will be generated. [0006] One of the nain
tdeuRte ARt enigronmeatgel 4y whiclhriioreded viipg devices
multi-carrier transm ssion system Since the

TRV Ecar fHEFCT shinesiian BUd b et 9 58 i asiieds waves and
(%;an% '&geds daH%_to ur?% caﬁrLers g; dif.ferentt 11
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r@Q07E Lardhe SHRML Qohhaerat i bk eauWeRcY cBE Vi SEOR- symbol
Mul ti pl exi ng) system being one of the multi-carrier
itransaesten dGistenthetdelayf Kegueneies will e GahérLrsd.
each are set in a nmanner that the carriers each are
9064l |y orthogonal in the synbol interval. During
transm ssion of information, the system perforns _
ser i PP &fatremadsnvRitsmeEsurre 199 6haedekpy distortion

trapsmtted in serial at each synbol cycle that is
18| Giter Mhah S 1At éraPF%Eﬁﬂr%%iéﬁtreé‘%-e, SIRFecR®s t he
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hé carriers each, e é an

aRfase, npul At ian- 4., Lhe rCaE FEErsn CqR RALE QLM ke
Inverse FFT to the plural carriers, and i ereby

beanA¥eatss Id¥ethe carriers each become narrow, which makes it
difficult to receive the influences of the frequency selective
fading.

[0007]

In the OFDM (Orthogonal Frequency Division 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.
Dgring 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
s_erial/parailel format to the carriers each, performs 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




carriers on the frequency axis into the signals on the
time-base 3 S04P1166 while retaining the orthogonality
on the frequency axis to transmt the information.
During reception, the system perforns the operatigspapriies
reverse to the above; that is, it perfornms FFT to
convert the signals on the tine base into the signals
on the frequency axis, perforns the denodul ati ons
corresponding to the respective nodul ati on systens to
witide garaieiRY cdeh, opydobonas 1pur el | B¢ skrdadency axis to
conversion to the denodul ated signals, and reproduces
tRESEFgFRal 1O GTon DYFHE MSeRF 1oR - t RBesBY Figm
fo%nat. LOOOS The, OFDM woduIEtin s steqlii%ado ted
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sAdaRt kNgn t fige GRRMUmAY! aklign systemd halewnrdehuls
'%EDM UW%‘) IS In progress, i% addition to theués-

cPygeepomiiitg the Wid dldpeonispersawialDed Rfyeienki 8 the
signal raised to the Ilimt, and the inpul se-U\B
ceystiemsfexch sy aesmidrmisngaantilel éeeria ngdriverisnbor hat tiosm
signal that uses the inpulse signal string having a
deppguiieed Lhigrlad sof 2B CIRPEBIESEODh | @bl Slawgndsforpation
case of the OFDM UWB conmuni cati on system the OFDM
ChBREPAL TR 1% WuSeTdRanfAEFR N, which perforns
[Bﬁggafncy hoppi ng (FH) on three sub-bands whose

Pandw dths are 528 MHz each in the frequency band

Cover'il‘l{kg.ogDﬂl‘}n& 1% ‘?f_o staeﬁ‘gl%l%?% tEEFJé %E J@d\ﬂcﬁg"d for
each frequency(ﬁhng cgﬁégse 0 g poi nts (see
thignripahients DO¢UreRteddmple, in IEEE 802.11a/g. 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, and.the 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 MH=z
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 Inventionl]




[Di scl osure of the Invention] [Problemto be Sol ved by
the invention] 4 S04P1166 [ 0009] The general renote-
comuni cation systemwith a transmtter and a
receiver conbined transmts the signal for attai rgoagiies
synchroni zation as a pre-anble (or mddle-anble) in
conbination with a transmtted data body. [0010] In
case of the OFDM UWB commruni cati on system as nenti oned
above, the time sequence is used as the pre-anble
@%’ﬁél for attaining synchronization (see Non-patent
Docunment 1). Further, the pre-anble signal is

conf i Eﬁ?eﬂeﬂ\ﬁaﬂ- tIF?é“Oé}ét CcePfungFathn b‘?m Withl ﬁ
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dRRLEktkbe. wx’f’th'a_ltt&tarxﬁirrﬁ%téﬁ axaarb&spf the pre-anble
signal of the binary 1. In this case, the BPSK

[(cBitoary Phase Shift Keying) nodul ation is perforned

to a known pattern nade up with originally the tine
sequehgease QehbedRPM W@Bpremantlcatibgrmtsterapament foned
the data body formed of the OFDM nodul ated signal for
agetgr nkhg §hee tsle%‘ebﬁgel%lw agy therpre ATyl € Isdgnal for
inverse FFT to the si on_the frequency axis. Fig.

5 E§piba PychTOIGa d8s BeRaNanTrarE) UgEREd LI t h
El;l’ilg\%uh%grget nbg%Ko%]b& ynChr 1Zsatcio%r%189$:gclinvlvl t%l g ’:tern
of the binary + 1, in order to reduce the computational
complexity of the correlation processing on the receiving side
(because this case saves the multiplication for calculating the
correlation only through inverting the symbols).

[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 is performed 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 sighal on the frequency axis. Fig. 6 typically
illuStrétes 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




appl i ed and the data body having the OFDM nodul ati on
applied. [0012] ig. 7 illustrates the frequency
spectrumof a binary tine SO4P1166 sequence signa
(pre-anble pattern) as shown in Fig. 5. As seen ig04P1166
the drawi ng, the binary tine sequence signal forns a
spectrum characteristic with sharp irregularities,
which is not preferable for securing the stipulation

for the transm ssion power density. Especially, the
TOenederia Lo prrmatdas prst ergopmisdoorn FigeS. As seen
concerning the UWWB stipulates that the power denS|t¥
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I'nter e sanpli hg rva exanp
ghwkeS aMig) ty . | eddiRiexagpl %h@SFé@OMdé}aﬁ' Qoml%unig'@tlons .
power spectrum at the péaks of the irregularities
xeaedsof) 4l e coAdedn tBfiche Uheref Qra.atle® thaYid power
the pre-anble as it is wll face the situation that
dehe ipyweeasiensl tat eanhollHz onfar matoekheed st iqiulzatiBoAMHz,
in the FCC rule. It is naturally necessary to conform
lﬁ?@tﬁﬁé HO¢ prees s thqsot ol Aidgala - f rAgrorsE nglywnl aase
. not only with the OFDM nodul ated data body. In
Orlfi ghe VWBsﬂﬁ%fee'%/ heH5e §PECERER, Pegks oahret ﬁ@q%.sﬁfaﬁVaFo be

RSB b SR RO e S e CBF T ety (o
3ol 1 ATEHY 5510 oglggﬁ%émégan%qg ol o081 1 95311 90 che

) S'Nratio trates an
pRWke- Seudiehatl henrhaeart eff $hiCi PfeqdiRg iRiezadl&ds 0 dB
signal. It is generally preferred that the output

{(—41.3 dBm) ; therefore, to transmit the pre-amble as 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 ffame 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 8/N ratio.
foo13j

Fig. 8 illustrates an auto-correlation characteristic of
the pre-amble signal. It isgenerallypreferredthat 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 example, near + 16 on the horizontal axig), and it




resides only near the center of the tine base. In the
drawi ng however, the output resides on the periphera
areas of the time base (for exanple, near 16 on the
hori zontal axis), and it S04PI 166 is difficult to Qupress
a coment that this auto-correlation characteristic
is satisfactory. [00141 In the OFDM nodul ati on system
the general practice nullifies the sub-carriers on
the center frequency band and both-end frequency
IFads Tarul het @ r $ire ric \CWBIERILN thAt uBlelis suetoRiqyredptipn
his case, the, spectrumof the pre-anble by the BPSK
4ﬂﬁ}€F5FF6ﬁté§ %ﬁuﬁﬁF%ﬁ?qgﬁer7 and the spectrum of the
[S%QM signal as shown in Fig. 9 are clearly different
e waveforns; therefore, the receiving side has

to Sm}lcghé Noprri ol %rula‘&%ﬂmﬁygﬁém' b d e@fe%a%“’ﬁ%ﬁe??éé

and e OFDNISlgna part s 1n onvenle and

t .
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Hatthp ehAgF tetpesndye @andsgb gl thep Hre0Rkehbl pabh200 I/ mmeye3 (see
file name: 03142r2PS02- 15- Tl - CFP- Docunent . doc> [ 00161
FAg .0B} ectInftitilse chrgenthoredes tirumppbvilde mre-exddlel byt the
transnmitting device, transmtting nethod, and storage

BRSH TeAvkatdiorcan ﬁm@@e%amw péramsy e rSRSHATSE] ©f the OFDM
pr.oc SS|%§ to.a_known attern sjgnal such as a
#HeEA ST or BB gy S RRF A S | B BN eERETS:
tﬁa%‘%%k%k@,g 1§T'1 erecelvqgl% ]’Sl-de has to gswitch the filter
conditions in the pre-amble part and the OFDM signal part, which
is inconvenient and disadvantageous.

[0015]

[Non-patent Document 1]

IEEE 802.15.3a TI Document<URL:

http://grouper.ieee. org/groups/s02/15/'pub/2003/Mayf0'3
file name: 03142r2P802-15_ TI-CFP-Document.docs>
[0016]

An cbject of the invention is to provide an excellent
transmitting device, transmitting method,: and storage medium
that can preferably perform transmission iaroc’éssi_ng to a known
pattern signal such as a pre-amble 'sig_nal fof .obté.ining |
synchronization on the receiving side. |
[0017]

- Another object of the invention is to provide an excellent
transmitting device, transmitting method, and storage medium

that can preferably perform transmission processing to a known




Anot her object of the invention.is to provide an
excellent transmtting device, transmtting nethod,
and storage nedium that can preferably perform
transm ssion processing.to a known SO4P1166 patt ergp4Pi166
signal of the tinme sequence in conmbination with an
OFDM nodul ated signal. [00181 Anot her object of the
‘invention is to provide an excellent transmtting
device, transm tting nmethod, and storage nedi um that
rediv epies egbl pLpdres bine tSeamnenicssitoropboBesEmylthmmmOFDM
manner that both the tinme sequence signal of a known
noslard ghegnthe OFDM nodul ated signal satisfy the
@%Jﬁzlation for the transm ssion power density

thdut | owering the SN characteristic. [00191
Anot h ' . t ' ' ' t i de
excel Taof i BAlte A TATERACTEn T2 <@ PO S 3 sq1 1ont
3G sht 0L 208 ABH M +LBALN CAR: B &fR1RBl YaR8 dUrlge medium
transmi ssion processing to the tine sequence sigha
t@fa ta cKAOYhe PELAIETN K fagml @rhAPHOYEi dh&rocessing, in a
auto-correl ati on characteristic for obtaining
meymehr thaz dtotdn thandise feartdncd Mignslf of & dnvwngpaheern
Pr obl enj [OOZOL The invention has been made in view
agf the QW aocguddt edns igngddsael afe $hroshipnbmsiin fiopgthe
devi ce that processes radio transmtted signals. And
LEPDPREPEHRR  PAEY SFREACY WoRbeRSi tReTgh<hen gl
o gnngEE.g@ioriginal time, sequence signal of a known
mulrtr-va ued:battern into a frequency signal to attain

[@o19]

Another ocbject of the invention is to provide an excellent
transmitting device, transmitting method, and storage medium
that can preferably perform transmission procegsing to the time
sequence signal of a known pattern so as toc improve the
auto-correlation characteristic for obtaining synchronization
and so forth.

[Means for Solving the Problem]
[0020]

The invention has been made in view of the above problems,
and relates to a transmitting device that processes radio
transmitted signals. And it includes: a fregquency conversion
means that converts an original time‘sequer‘lce signél of a known
multi-valued pattern into a frequency signal to attaiﬁ a
spectrum characteristic, a spectrum characteristic processing
means that forcibly changes an amplitude of a spectrum signal

while retaining the phase information of the spectrum, and a




spectrum characteristic, a spectrum characteristic

processing neans that forcibly changes an anplitude

of a spectrumsignal while retaining the phase

informati on of the spectrum and a 8 SO4P1166 nears®4P1166

that reconverts a spectrum having the spectrum

characteristic processing applied into a tine sequence

signal. [0021] The transmitting device relating to

the invention transmts the reconverted tine sequence

ngegRalhas Heprruenhs & sgegﬁaumfbavzmﬂzﬁhﬁnﬁyectrum

éi ynchroni zation on the recei,ving side,, together wth
2FAC5EChOAY1C PEESSFS TS PPAisH Ht'rfha e E%W%‘P%ﬁ Phgnal.

g éie invention may further include a nodul ation

8r8 ssing neans that nodulates a transmtted data

body hg Oﬂﬁﬁéhlact'l?%“héwgeswfﬂlééf’ to ttﬁa%”%ﬂbéﬁt%h
ul ati1on

The no processing neans pertornms anpli

taaa-phage-oddlahi-epc L@ die Qé&{léﬁéé £3ER1bYs tahgr@FEMﬂe
nodul ati on system as an exanpl e, perfornms inverse FFT

gignbiefopl dibed ircialy isghshrandz&besebyn cov e ivifg side,
original transmtted signal on the frequency axis
tiogetharswiblal a clttshdodyne base while retaining the
orthogonality of the carriers each. [0023] The

1§88éirum characteristic processing means forcibly

changes a spectrum anplitude of an original tine
sequence %ﬁﬂlttlrlﬂngem%éfe%ﬁnq & $PEctRyFRtion may

ggphe}ruﬂ%ﬂ et he ? ?It!]]?on P &E'Sgtl éencaen§ t%fa%l modulates

econes egua st gna

E Eg%m&@@ da@y heatetal Bhegit he RNASE Rl 9k BRLY Of,of

transmission. The modulation processing means performs
amplitude and phase modulation to the carriers each by the OFDM
modulation system as an example, performs inverse FFT to the
plural carriers, and thereby convert.s the criginal transmitted
signal on the frequency axis into a signal on the time base while
retaining the orthogonality of the carriers each.

[0023]

The spectrum characteristic processing means forcibly
changes a spectrum amplitude of an original time seguence signal,
in a manner that the spectrum amplitude of the original time
sequence signal becomes equal to that of a modulated signal for
transmission, while retaining the phase information of the
spectrum of the original time slequence 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,




spectrum of the original tinme sequence signal. As an
exanpl e, the spectrum characteristic processing neans
forcibly nullifies the spectrum anplitude on the
center frequency band and both-end frequency bandsipiies
the frequency domain in use, 9 S04P1166 and snoot hes
the spectrum anplitude on the other regions, in a
manner that the spectrum anplitude of the original
“time sequence signal becones equal to that of the
aehemaPtOFOM e gipgict runi hepk btedaniong thheophrisgegions, in
information of the original tinme_ sequence signal.
q OGPEPTTRE’E Bl oTRAGTE Wb af'Ré L HGRN® F orfie jqrigdnal time

PR3 (SR Bl BT 4 e o
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1S pEALBL: b Pl SEEMabonal. o 05010108y Line

gg&uggge(ggghggss filter or band pass filter) to each
of° the signal frequency bands, which sinplifies the

[@enatiruction on the receiving side. [0025] The
smoothing is applied to the spectrum except the DC
conpofens s arwbrdiagc oppohenisveattide Lot hsepdssible to
frequency bands of the pre-anble signal. Thereby, in
txapehcospeehe preratbleheionalepbr Hhs Halien g eapphnicedtot he
peaks_of the irregularities are suppressed. This .
SRR ¥ PRt &2sY% SPREEYUR e VELPETI Qft FBR FeorTRRPFDM signal.

Akgagggis iogtpgmer de iit()b th% Ecg.an%fse okth,_ he
A RRaLY "L R SerBr B e or Faf Fosonvana {rahS ARV
sBAweE: { 0L 0Bl BLAY i DESAUP 1ANSCRALECE LIS G0 cach of
the signal frequency bands, which.simplifiés the construction
on the receiving side. |

[0025]

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 attaiﬁ a higher transmission power for obtaining
the same SN characteristic. |
[0026]

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.

Therefore, in the correlation calculation on the center

10




[0026] The correl ation processing on the tinme base is
perfornmed. by the convol uti on operation, which however
corresponds to the product of conjugate conpl ex
nunbers on the frequency axis. Therefore, in the gp4P1166
correlation calculation on the center 10 SO4P1166
frequency, only the real part remains as the result of
the multiplication of the conjugate conplex nunbers,
and it is possible to obtain a greater val ue by
frecaienicilg ohey phks eealnfrartareoaind hes difvr eesulé abovee
operation of processing the spectrum anplitude while
MetaPhl gt fe phade iGProLsatPofoBPleh S §i - nardt it fels
sequence, signal, wll |lead to elimnmnating the
BEFRAGAFaF Pt RS 5h 4 F ShEE PAREGI Y Her G didipicpe phase
iHr30R tioﬁ.echtrﬂer}:%.f%?g %:tﬂe{)%i:)g\tfé %nefrgr: 'éItl]eO o¥\§éessing the
ensity, and permttirnhg &~ haxr rum transnt $3i on

e humldff1e¢hagfving Foventif lne bﬂggg7ﬂn%rt%ﬂgaﬂ fhe

he invention, it is possibleto provide an excellent
drfignallt timg sepiste hignsm iing sei hed.e1aRdnast A agiee
medi um t hat can preferably performtransm ssion
ipregedsirigies rom thenmeectiath bbdHtthd herd-amblecgugned,
signal of a known pattern as the pre-anble and the
SEFPNL B dileas bipel gfin foxttilyf povae depispilyatdwh phoni thing
~transm ssion power density wthout |owering the SN
CORaPAXLBYT st HSHEFISE RE¥SFding to the invention, it

[ 0ssiple t rovi.de.an excellent transmtting
['&%&Qggo rtgl}%?ni ‘ﬁn\r‘T&oﬁét hod, and

[0027]

According to the invention, it is possible to provide an
excellent transmitting device, transmitting method, and
storage medium that can preferably perform transmission
pfocessing, 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 lowering the SN characterigtic.

[0028]

According to the invention, 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.

fooz29] |

According to the invention, it is possible to provide an
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storage- nedium that can preferably perform

transm ssion processing to the tine sequence signa
of a known pattern as the pre-anble so as to better
the auto-correlation characteristic for obtaini nggo4P1166
synchroni zation and so forth. [0029] According to the
invention, it is possible to provide an 11 SO4P1166
excellent transmitting device, transmtting method,
~and storage nediumthat can preferably perform
g s topnsPi beES idRy itce - t heanprbt suem arridiost, gaad
of a known pattern by shaping the spectrum wavef orm
shPrEralefy Msbhals ¢t RIS TeRePedsBe T pEn sy sgon

vi ce .for detecti.ng the corre

d ti th i Vi
RS SSRBHaBT e A TGO HBSRTE TR Con® KRS BAHEET PY

N - n .
FHREG R Bl REGE AN BRPLEREL Plsbifinos ppdnovense
tHeASRah Bf GENRL 5OR; t&H013e 8 b ¢hgl PRE. cobiLh dTRKeSn Lhe

possible to inprove the spectrum and correl ation

wehariather ss8ecs while securing sinplification of a
correlation detecting device on the receiving side.
[0@381] Ot her objects and features of the invention

wi || become apparent by nore detailed descriptions
basedABeCEHNE FddientRTent gescEhe spelchreh agwd itude of the

acconpanyi ng drawi ngs. [Best Mde for Carrying Qut  the
Rrﬁvéﬁgisrﬂat%ﬁg@ﬁ} tgﬁéréﬁﬁaaFFréﬁwl&e tshEoFH pgausted

ﬁﬁi&% pﬁe%&ﬁéﬁé Q%.ogaation thereof is retained, which makes
it possible to improve the spectrum and correlation
characteristicswhilesecuringsimplificationof}acorrelation
detecting device on the receiving side.

2[0031]

Other objects and features of the invention will 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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detail with reference to the acconpanyi ng draw ngs.
[0033] Fig. 1 typically illustrates a construction of
the wreless conmunication systemrelating to one
enbodi mrent of the present invention. As shown in doaei166
draw ng, the wireless conmmunication systemincludes a
transmtter that transmts a radio signal and a
receiver that receives the radio signal. 12 S04P1166
&0034] The wirel ess communi cati on systemrelating to
03] enmbodi ment adopts the UWB system that performns

the wireless _ comuni cation using the ultra w deband
cover FA§ @l@?zeﬁtso Cﬂ?)‘"@ﬁicatﬁoﬁr et T dAtipg o this

S BEnE B0 eE e S e BaTab et RS Thieq Mireless
aammmigh LR 6 gst%&dcf%]bahgﬁﬁ%}idﬁﬁyéhz to 10 Giiz

envi ronmnmen SO ation

19 $re@t Rt red 1 ANSTH tshdr® -6QBY E8hbe PAAH al1 SUb 1AM LBESH
arranged on the frequency axis into the signal on the

tiriafismi@seon Thangirséwd £ thikepiroyeah icinthe d€ldy aisfbition
the pre-anble signal of the tinme sequence, in
agdnsinterasymwro dmttehd estenpel ahden flog mdlei-path

transm ssion power density, the auto-correlation
SENaraBtent st il adRe fAePhRAViETDORDYf medel apedt ymteanghat
the transm ssion systemof the data body is not

tgﬁélérﬂfFéaFfP yCOEST pligar FHB3ST T At (FaRSett eF &be
fre‘é‘u ?S a?x1psr %n% n%fi‘ elnenra t Ioontlrlilglél ]él%:)aggat The gist of
a pre- a e conpose Known

PR EAEOntion is to transmit the pre-amble signal of the time
sequence, in consideration for the stipulation for the
transmission power 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 signa; composed of a known pattern
for attaining synchronization, an OFDM modulation unit 12 that
performs 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 radioc signal, and an antenna 14 that
transmits the radio signal to propagation paths. Fig. 10
iliustrates an intermnal construction of the pre-amble
generation unit 11. As shown in the drawing, the pre-amble

generation unit 11 includes a time-frequency conversion unit
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for attaining synchronization, an OFDM nodul.ation unit
12 that perforns the OFDM nodul ation to transmtted
data, an RF unit 13 that up-converts the data frane
conposed of the pre-anble and the data body into sa4P1166
radi o signal, and an antenna 14 that transmts the
radi o signal to propagation paths. Fig. 10
illustrates an internal construction of the pre-anble
generation unit 11. As shown in the draw ng, the
lgrfe- anBPeCtyénheraras st ic1PraesdRibyg anit 11B, and a
%; nme-frequency conversion ynit 13 S04P1166 11A, .a
SAUERGHT EHAT sCUBFS R YrdEeddfng unit 11B, and a
%Mﬁ% ency-time conversion unit 11C. [0036] In this
|nent the pre-anble. signal for attaining

synchmge[kaag QRS mBRHE P Wit hRe et L IR, %f%%%t&&nfng

mul ti-valued pattern rh order to reduce

SARPREAL EQNBdn COMARX DY wotht PRe COfdE| A Rce of a
processing on the side of the receiver 20. The net hod
mfl té el ged | g Hdieh e catBletsi gedice WHd Jdogpdesel bhet
|ater. [0037] On the other hand, the receiver 20
conplledety apf adrteermearre2dtiihat precesviey tdve thadisodsi ghathe
on the propagation paths, an RF unit 22 that
r§6RHVeBer t $18 W@Eg?@éﬂf§F§ﬁaHUTaH§WHEhﬁﬁﬁif@bﬂ6n51gﬂal

cessing unit 23 that attains synchronization by
Pﬁg E%r??é%ﬁ#hﬁg €&ssing between the received
{Bg ﬁnble signal and the known pattern retained in
va and an OFDM denodul ati on unit 24 that

per f asdT& e HEPMy 2 Hg modid @telcg@vteg she el dndah enna

body to restore the original
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 éttains
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, in order to simplify the correlation 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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frequency signal. [0038] The wi rel ess conmmuni cation
systemrelating to this enbodi nent adopts the OFDM
UMBsyst em and enpl oys a binary tine sequence signa

as the pre-anble signal for attaining S04P1166
synchroni zation, in order to sinplify the correlation
detecting device on the receiving side (see

Non- pat ent Docunent 1). However, the spectrumof this
pre-anble signal forms irregularities with sharp
HeakeTraRd2 8L PR, CRAI AT ddréiror ates 14 SO4P1166 the
corr?lation characteristic. [0039] Accordingly, the
WWi%el ess communi cati on systemin this enbodi nment

forcibly adjusts e spectrum anplitude.of th . .
pr e- argr% org:irtuf'l r,n‘%:\ll}lﬁi Erei 55 COIHI)HU gapﬁglélesx%em l]n Blrl]ls

€ pa e retal ning ereo

etnﬁ%diﬂléﬁgs%}é%gﬂy z&gg%st%nghéh%%@@ﬂrﬁrﬂﬂ{n@i%%u&(%ielog the

spectrum and t relation aracteristic
pYetBhbl¥i Pot tdven GAHING FHeit@iniAgt €64 I fih S VES R bRACthe
receiving side. [0040] The pre-anble generation unit .
t¥hnksiipt g deidiay bhdabhe psibgiingdrovieset Be Quenttarusi gndl the
conposed of a known nulti-valued pattern as the
corscdablien sitgiralcteThissiorvigi ymlsippéidybhe the goakelsgtion
made up W th the binary value of 1, which is provided
dgferhENBPERY Hit ATatiten TeFEE VERAMDIEE - or as the data
tored in a ROM (not illustrated) . Here, the
[épépgnble signal is binary (case of BPSK nodul ati on)

POV prd AR BB VAL, B BHAEH) B an
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.

LOO41]

The time-frequency conversion unit 11A performs the
frequency conversion by the Fourier trangform to the original
pre-amible signal hy of this time sequence signal to produce a
‘spectrum characteristic Hy. And, the spectrum characteristic
processing unit 11B converts this Hy into a new spectrum
characteristic Gk.

[0042]

~ As the first procedure for converting the spectrum

characteristic Hy into G, the spectrum characteristic
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[0041] The tine-frequency conversion unit 11A

perfornms the frequency conversion by the Fourier
transformto the original pre-anble signal hk of this
ti me sequence signal to produce a spectrum S04P1166
characteristic Hk. And, the spectrum characteristic
processing unit 11B converts this Hk into a new
spectrum characteristic G. [0042] As the first
‘procedure for converting the spectrum characteristic
eGSR NEIN Tl B pest e s @héa erier sharingigeypranss: that
' rocessiﬁ%?unit 11B perforns a waveform shaping in

ARTCRER vavRECEp et t‘rl%ﬁﬁﬁv@%%%saanﬁh@aﬁrtem%weegawith
i I t t i.th -that of th h DV
SNk O LRy et Lo e BLIRY M perran
d@fa%%§§g@9tyﬁ'§réée%gi%r Laky pykl Eéf@fp]bp%ufﬁﬁ%%éu%e
anplitude, the DC conponents on the center fréquency

Sl raﬁdatﬁlﬂﬁiiﬁﬁi& 0RRASC @BmbRARLL NsERELf F8HUSNGY e quency
bands of the frequency domain in use, and snoothes -

bahe speaheusoapmditgien e bhe hotharf fdRuerCyakdndE the
in a manner that the spectrumof the pre-anble signa
frequansyederdin ¢t hae, cind kenogehesat hORMctsiugnamplitude
[00431 Fig. 2 illustrates a state that the spectrum
BhBRa S EredprRee FY dhi @ mBIBSOERRB| YhaFiPeictirag of
.. the DC onents and the conponents on both the ends
b BT BIG AAPS L FEEORG FRUARGE hboreant Heneral OFou
S§gﬁg rumon the other frequency regions. As the

resul't of shaping the spectrumwaveform the

[0043]

Fig. 2 illustrates a state that the spectrum
characteristic processing unit 11B forcibl.y nullifies the DC
_ components and the components on both the ends of the original
spectrum Hg, and smoothes the spectrum on the other frequency
regions. BAs the result of shaping the spectrum waveform, the
spectrum of the pre-amble signal becomes equal to the spectrum
amplitude of the OFDM UWB part, which facilitates handling.
Concretely, by nullifying 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 smoothing to the .spectrum except the DC
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spectrum of the pre-anble signal becones equal to the
spectrum anplitude of the OFDM UWB part, which.
facilitates handling. Concretely, by nullifying the
DC conponents (center frequency part) and the S04P1166
conponents on both the ends of the frequency domain
in use, the spectrumof the pre-anble signal becones
equal to the spectrumanplitude of the general OFDM
signal, which makes it possible for the receiving
“@é’nﬁatapcw@ tthf?e C@@ﬁ@nﬁPFﬁ e?T [sw tpassnds |widrl spppress

and ss_f he si gnal conponents each
"?‘1‘? %%SF Fﬁhi‘le ét&Sﬁf Dg%i“&f" U - eblat g Bpkes
t he .sno th|n ectrun1exce t
{neahk ﬁ\@"%‘bg% S aRAPE Ry Ui SRR F SR o Rbver
d%%tsatm BRI éhd%@?éﬁéﬁ aha%age@(_{’ﬁgostsq le to attain

|rregu arities 1n a neM/spectrun1 I'S na

LR ¥hte ﬂE&ﬁsmiEtﬁﬂﬂ.@Mh@h4QBrfthéfﬁhﬂgfﬁﬁaﬂsaﬁboﬁN
power density by the FCC and so forth, and nakes it

‘opagacbekeitoi@ttain a higher transm ssion power for
obtai ning the sane SN characteristic. [004.5] The
98861 hi ng of the spectrun1|s achi eved by the follow ng
fornmula. That is, using the follow ng fornula, the

ori gi Hag SmPPWé-"-%%&@ér’f@eSE?‘@%m bF atchéeri?ﬁé}wtlb%tfpéiﬁwmg
rod ces orna |ze I as_to_mak
Brtilfec B 19 abY togab e taL i ad Tk dpoga of tetnal
time sequence signal of the binary pattern produces a normalized
pre-amble signal so as to make the spectrum flat.

[0046]

[Formula 1]

[c047]

As the second procedure for converting the spectrum
characteristic Hy into Gk, the spectrum characteristic
processing unit 11B forcibly nullifies the spectrum amplitude
while retaining the phase information of éhe spectrum.
[0048]

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
frequenéy‘axis. The operations of the correlation processing

on the time base and the frequency axis are given by the following
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As the second procedure for converting the spectrum
characteristic Hk into Gk, the spectrum characteristic
processing unit 11B forcibly nullifies the spectrum
anplitude while retaining the phase information @&04P1166
the spectrum [0048] Here, the correl ation processing
on the tinme base is perforned by the convol ution
operation, which however corresponds to the product
of conjugate conpl ex nunbers on the frequency axis.
EPREUSBBrat i ons of the correlation processing on the
@igﬁ base and the frequency axis are given by the

§ %mﬁng 17 SO4P1166 formul ae. [0049] [Fornula 2]

SCIhg1E s9(t)h*(t +r dt s(f)=Gf)H(f) [0050] The

object of"the correlation processing is h* (t +z) in
the aboye fornqul.a. The correlation calculation on the
c&ETiFnIfrg ﬂgijlczt dorrgbponds to the case of i = 0 on
th ' i

e time*base in the above fornula. On the frequency

i) ¥ part remains as the result of the
??%I(?i)pl :ﬂgﬁm o@ﬁ)he conjugate conpl ex nunbers, and
it is possible to obtain a greater value. [0051]
[PREPEfOre, the above operation of processing the

spectrum anplitude while retaining the phase
i nf orTRE iBH e8It Mitnhhescefieelabioagprappeseny ofs thfe (£ + T)

ixs‘lnc%cet a[lgjomre()% o%tguel Pr eigcgtgo%r%ilggggh c%‘i%%lig_%ion on the center
frequency corresponds to the case of 1 = 0 on the time base in
the above formula. On the frequency axis, only the real part
remains as the result of the multiplicaticon 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
irregularities 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 performg the
inverse FFT to the spectrum Gx thus obtained to restore a time
sequence signal gx. The obtained 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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the stipulation for the power density, and permts the
maxi mum transm ssion power. [0052] The frequency-tine
conversion unit 11C performs the inverse FFT to the
spectrum Gk thus obtained to restore a tine sequelabil6e
signal gk. The obtained tinme sequence signal can be

used as the pre-anble signal on the transmtting side.

[ 0053] Fig 3 illustrates an exanple of the pre-anble

si gnal that is obtained fromthe original tinme ’

Kidian @él%feﬁﬁthJéﬁmlh &1 aborP1 PEBCHT Wa‘?ﬁil pdtider A

%Q% h t he_above oce |ng %ustrates
WSS SF PRecHiT TSR pF SEESH T echeaning
ﬁél%aete algi@ Eggg?rﬁ’{% 'i%' sggga hfrf(c{ “31:(“1'1ee| \i%%eflved

I"e “si re a
ﬂrté&ambﬁér ¥i IP@.'E ! et e ﬂﬂ%\ﬂ%\’rﬁﬁ.e @ﬁgx?&?leg i1 ﬂ(ﬂe o#' @4 BYnary
the correl %lon is enhanced renarka fy on the center
pafttiche .t | iRediassg, aangedan eREr@taking) @Retd@rrelation is
peripheral tinme domain is suppressed to a |owlevel,
aghagicedomEmansait hatort dhec eenekat odntlodariact éraisst, i e.ndl she
enhanced. [0054] Fig. 12 through Fig. 16 illustrate
e atdorxamiies pef iphReaprieinmisloamagnghal suprussseds to a
attained by using the original tine_sequence signals

fEehi 1iFPpaeR ek iins I’%F%Eg‘hhei ﬁ’@%ﬁé@?%%‘J%&gﬁFh@tlc
gl SSIn relating to the invention. The pre-anble
S|gnaF §8Guences in Fig. 12 through Fig. 16 each have
@iolherent original tine sequence signals as the
el enments. Here, the

Fig. 12 through Fig. 16 illustrate concrete examples of
the pre-amble signal sequences 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 tabkles in Fig. 12 through Fig. 16 give
the fesults in which the inverse Fourier transform is performed
to the signal Gx with the spectrum waveform shaped on the
frequency domain.
{0055]

The transmitter 10 stores 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. 2Andthe following

processing may be made: reading an original time sequence signal
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Sequence El enent represents the nunber of the tine
sanple, and the Val ue represents the anplitude of

each sanple. Wth regard to the Fornula 1, the tables
in Fig. 12 through Fig. 16 give the results in wW80aR1166
the inverse Fourier transformis perforned to the
signal & with the spectrum wavef orm shaped on the
frequency domai n. [0055] The transmitter 10 stores the

~origipal tinme sequence _signals of the binary val ue of
SR Ck Hm%?gﬁﬁi’:@ t‘%?é“%fﬁésll% FACPTIGRItH et PN PEocedure,

s 0P RgRes e ThAE=TPERE &3”%25@%- bR o eeans to the
s}%%%ﬁea@ﬁwdelghggé F;J %qtnﬁ.?l%h g%a%f grmatlon and

ransm ssion; accor ng to proceadure,

R rrERY %@?f&ﬁﬂﬂgerthg apskecm f‘@u% Yrddi& form to
processing to the spectrum anplitude while retaining

digepliagel i nfoiamitd theande-bhbleadifial perfornming the
“inverse Fourier Transformto sequentially generate the
moeeanbl e signal. [00561 If the original tine

sequence signals as the law data of the pre-anble

Si gnaFf dhe PHegbagk time apuuengeveyIngleocaphrbeahaw daye of

re-anbl e signal; accordingly, the _sequentia
E$ TRt S 198 E kg &&eoﬁa‘%e ity ‘&h%lﬂatlf”éﬁslﬁlﬁ%f“&eand

tor ed int

ol BEPCROTOOSITEH (oL RIPOYL /At egeguerntial pattern
-omasamla%do&ntﬂ% LLaRSMLELEE thOnalbd Bk8:E856 Hifrou

transmtter 10 In stores t once-cal cul ated
ageguenpial amsid eglrgﬂari %er erafAbhessianal
[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.
t0058}

The pre-amble signal gx 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

gide may use the binary as it is, in consideration for easily

making up the device.
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storage unit 11 1 as the pre-anble signal for
transm ssion, which 1is different formthe transmtter
10 as shown in Fig. 1, where the pre-anble generation
unit 11 sequentially generates the nornalized S04P1166
pre-anbl e signal to make the spectrumflat. [00581

The pre-anble signal in this case deviates fromthe 9k
bi nary pattern. However, the transmtter side can

tore the pre-anble pattern in a ROMor the |like as

%ransnitted data itself, and can use it.

Th he_ devi at.i on f the bi pat il
T cafEEead St i A Ung B Dot SRR s

CrheRiBRTYn A Fnd TrabDpSRRSLIME B e BhrEERdt Xns 1nown
Salaubat £ NEe R RN DLE, 130834 aE8r i n HRASILSS{ OR OB1 50

the transmitter 10 on the basis of the known origina
ddomptaquense $inghalfapeavedest itheadeanes, tolcdisualge the
acceptable for a manufacturer of the device to
oE-embatesidal firemariind &neowgnatidirgh theeksmywence signal
original time sequence signal by using the above

It BEeRdirtele ak@vedrrptRiusn BRE 9 MeMWtt pBrthe GrepsnROT
. _in_which not the original tine sequence signal but

T ERS RYAA PRI GRTIE s&et F Ho ek tdmedseqeriee shgeal but

hnven has t been detail with

B SPAED Dee e BB e
[RpRE] ent

The invention has thus been described in detail with
reference to specific embodiments. However, it is apparent
that a pefson having ordinary skill in the art is able to make
- modifications 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 congidered
for understanding the spirit and scope of the invention.
[Brief Description of the Drawings]
[0061]
[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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that a person having ordinary skill in the art is able
to make nodifications and changes to the

af or ementi oned enmbodi nents without a departure from
"the gist of the invention. That is, the enbodi mergogP1166 -
have been presented as i1lustrations for di scl osi ng

the invention, and the contents described here in

this specification should not be understood in a
restricted _manner. The contents of the clains should

be weFi9cohdildErEratesr2 GRAES SihHATLAY R%ngqmnows of

i nvent i e DESCYIBIIOH of

f
1%F§%%ﬁ§§?gFoﬁ%ﬁﬁtmf%?€u?%&]ﬁhqqﬁfmpfnﬁg FC%F|Rpth %e ends
ﬂﬂef&%&rg& ngrg Gﬂﬁyl%Qeaf %HS tﬁérﬁhﬁgﬁudes OF FH%

ommuni catl on system re atl ng O one e ment o

d?fe%st%m;n bAVERL] Ghed Ridichis?h 2 1aR0dEHdP0 Fig. 2

| lustrates a state in"which the DC conponents of the

@n@gmeab spectrum Hk and the conponents on both the
-ends thereof are forcibly nullified, and the

anpl i t udes wifg.t Be i13pettates oin tdrangtilken fr efeopse adntble
-~ snoothed. [Figure 3] Fig. 3 illustrates an exanpl e of
stilgaapr eb ed fgpgniie shtigiined §ivensewenciegsianal iofethe

sequence signal of the binary pattern. [Figure 4]

g rY4PRFFESErates an exanpl e of the nutual

orrela on processing between the transmtted
% and the received

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

[Figure 5]

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

{ﬁigure 6]

Fig. 6 typically illustrates a data frame configured with
the pre-amble (or synchronization-obtaining) signal with the
BPSK modulation applied 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;amble signal.

[Figure 9]
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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 frane configured with

the pre-anble (or synchroni zation-obtaining) signa&o4P1166
with the BPSK nodul ation applied and the data body

wth the OFDM nodul ation applied. [Figure 7] Fig. 7
illustrates the frequency spectrum of a tine sequence

signal ,as shown in Fig. S. [Figure 8] Fig
i 11 usFEat ésléﬂaU%m%t%ﬁr BT FOH Cliear aétté}q 9??1& Sdfgnatlheln

R i sier bt i GEPLRE SHbICCRGRap SRp of the
é%%q@gnwedéagl&%{' s 0 phe,genier and both the ends

f requenc inuse are nullified. [Figure
HlufFkd1010 |IIustrates an internal construction of
thé pre-anble generation unit 11. [Figure 11] Fig. 11 .

i | lustigt eso anakk@rra€@BShhUCht OOl ddtrllcaNsHl bf eEhe
10. [Figure 12]

pre-amble generation unit 11.

[Figure 11]

Fig. 11 illustrates another construction of the
transmitter 10.

[Figure 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 the invention.
[Figure 13]

Fig. 13 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 smoocthing
processing relating to the invention.

[Figure 14] |

Fig. 14 illustrates a concrete example 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.
[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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Fig. 12 illustrates a concrete exanple of the

- pre-anble signal sequence attained by using the
original time sequence signal of the binary pattern

t hrough the spectrum snoothing processing rel ati rfg4P1i66
the invention. [Figure 131 Fig. 13 illustrates a
concrete exanple of the pre-anble signal sequence

" attained by using the original tine sequence signa

of the binary pattern throu%h t he spectrum snoot hing |
PP5eesSf nghe PTG RES teRE CRYERER orie [Snegiram gpopfging
14 illustrates a cancrete . exanple of the pre-anble
Rﬁaiﬁﬁﬁlggqﬁ%ikﬁgﬁﬁtEﬂ &%ﬁ B§Vﬁgphﬁnthe original tine
ﬁqgﬁggc§6]signa! of the binary pattern through the
ctrumsnoothing processing relating to the
| nveniign.1¢l Fi guk€rdtds B Gondpeid ldfshibatess aifoReEe e
exanpl e of the pre-anble signal sequence attail he y
sughhy sdQuendedisftah ihkfEby apieRC €hd3oS04¢RIb & islegBabudice
the binary pattern through the spectrum snoot hi ng
spooeésef nghe diatamg chatelhe thyemih athe [doegitt-eml 6hobtiging
16 illustrates a concrete exanple of the pre-anble
P¥rgRaFiRegirlita s tta f88 byvemtirpthe original tine
sequence, signal of the binary pattern through the
@ﬁgg?%m%%f% RefgreprecHYeeHy $kl ating to the
1invenéion..[t%xplanation of Reference Nunerals] 10 ..
PransH A& e

- 11.. pre-amble generation unit

11’.. pre-amble signal storage unit

12.. OFDM modulation unit

13.. RF unit

14.. antenna

20.. receiver

21.. antenna

22.. RF unit

I23m synchronization proceésing unit
24.. OFDM demcdulation unit
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11 ... pre-anble generation unit 11'... pre-anble
signal storage unit 12 ... OFDM nodul ation unit 13
... RFunit 14 ... antenna 20 ... receiver 21 :
antenna 22 ... RF unit 23 ... synchronization S04P1166
processing unit 24 ... OFDM denodul ation unit 24
S04PI 166 CLAIMS [Caim1l] Atransmtting device that
processes radio transmtted signals, conprising: a
' f&&&uency conversi on neans that converts an origina
Ssequence signal of a known multi-val ued pattern
to_a_.frequency signal to attain a spectrum
Cﬁ&?ﬁc%érlstic a spectrum characteristic processing

nmeansy tihat che Q%%'dgylggqﬂﬂ ggoggs %pﬁﬁéfé“Pfathﬁkted

whlle retalnlng phas hf or ma

Akdagse @@ﬁ%figgn geconverts a spectrun1haV|ng t he
spect rum aracteristic processing applied into a

time sefLnchSi goabers]dh aidand] tAatr apsveidd Re deVheRal
according to Claim1, further conprising a neans that
timansettenae ss gnall refcankeowe dnihit D-tdieied ipaw tseguence a
signal together with a data body as a pre-anble
frequency signal to attain a spectrum characteristic,

a gpectrum 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 seguence signal.
[Claim 2]

A transmitting device according to Claim 1, further
comprising a means that transmits a signal reconverted into the
time sequence signal together with a data body as a pre-amble
signal for attaining synchronization 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 for attaining synchronization on a receiving
side. [Caim31 Atransmtting device according to
Caim?2, further conprising a nodul ati on processing
means that nodulates a transnitted data body to S04P1166
attain a nodul ated signal for transm ssion, wherein

the nodul ated signal is transmtted together with the
pre-anble signal. [Claim4] Atransmtting device

accarding to ] .. Wherein the, nodul atjon
B et e skt P s i i f o PR ehg ponverts
L £S. li : p Lan ' :

R PSP B8 P I SR RO B A8 o Elifyng e

dfﬂﬂag%hﬁli@?dofh@ﬁé*ﬁéﬂ%%@%%rk§chtBﬁ €134 I &I RO axis.
signals on the tine base, while retaining the
@itthegenal ity of the carriers each on the frequency
axis. [Caim5] Atransmtting device according to

d ai mh3; raveerigitri nghde v 52 elioconrddhgr ac tadriist 8 ¢ wherein the
processi ng neans forcibly changes a spectrum

sRegitirvndehatagepid gionirocegeingquesee Hixpidly changes a

. manner that_the spectrum anplitude of the original
ﬁﬂeﬁérgﬁqﬁ%ﬁ%%FUQﬁ GraPipetore e ddde £8IERREe oflgpal, in a
nmodul at.e ignal for transm ssi while retainin -

R VTR PoRC i BT SFUEE PR T 1t F i Afuence
‘ S l.gnal,. i M6 j t L deyj.ce

gREr P ABHEE Qoo HhRE O OF b AINE Higid dest

t%ﬁﬁéﬁ@&@ibﬁIWﬁi@éQ@%ﬁ%hﬂﬂgﬁ%@%@j§ﬁk&m§t§B§Qﬁf@H@spectrum

anplitude of an original tinme sequence signal to a
ofpehefbeiginal 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 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
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 con the center frequency band and end

frequency bands.
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val ue at a center frequency band and end frequency

bands of a frequency domain in use, and snoothes the

spectrum anplitude at the other frequency bands, in a

manner that the spectrum anplitude of the ori gi nab04P1166

ti me sequence signal beconmes equal to that of a

general OFDM signal while retaining phase information

of the original tine sequence signal. [Caim71 A

Léﬁggyh§ting device according to Claimé6, wherein the"
pectr H1character|st|c processing neans nullifies the

ond. | Guannns HEfe Wbyt SERb R he e P AN AA%her
ddransind trly ﬁgpﬁgyﬁﬁﬁlfﬁﬁ§ﬁégﬂﬂg&HBrQE@iHéémsféﬂéérﬁtores a

conprising a pre-anble pattern storage means tha
siqASracosvgitald LREOMIR ¢ Bk kBHAehBE diighB 1 SRAHYWEL amble

-signal as a pre-anble signal for attaining

SAITEr doirz at ehning asyredeioning tdodepnwheretdiwingy side,

pre-anble signal read fromthe pre-anble pattern

st or agjBeneansthe nyenpadlet edgnadersded fwamh the pre-amble
transmtted data body on transm ssion thereof. [claim

RS- UR T SRSRPEEI PR b F HaREmipiseebeert heivp th 2

t i tted [ , I_Si,ng: f
R R L A

$§gﬂﬁp@q signal of a known multi-valued pattern into a
requency signal to attain a spectrum characteristic,

a spegt ¢ SR EGIEhEshbe HACYTS-RYs8LeP 4Rt 1Gh3RGESed
signals, comprising:

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

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

a step that reconverts a spectfum 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 body as a pre-amble
signal for attaining synchronization on a reéeiving side.
[Claim 11]

A transmitting method according to Claim 10, further

comprising a modulation processing step that modulates a
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an anplitude 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 tine sequ¥de®i66
signal. [Cdaim101 Atransmtting nmethod according to
Caim9, further conprising a step that transmts a

signal reconverted into the time sequence signa
as a pre-apmble signal for

t oget her with a data bod
taliatgfaﬁ%%ys 9ﬁEﬁr%%<§>2 4 GfF Gy BedRbRtg sTEal [ferai m
A miijng. 0 ordi.ng.to aim10, .
et P e o Pt i e
SR 8 27 SURIIAG 1 asaby L ed data body to
attain a nodul ated signa 0 transm ssi on, wherein
tdieifodahated signal is transmtted together with the
pre-anble signal. [Caim12] A transmtting. nethod
accor di mgprismiCrainm ddshowhecebndibhe tonoidmtingnvherein the
processi ng step perforns an OFDM nodul ati on, that
mshiliesd oanpl ot ekl ren ds tsira e rifoduk adh OPFRN matuliagison that
each, applies_inverse FFT to the plural carriers, and
aPbdri&Fy 2EBRYEYE] anth@heger rerylahi on sk isy st gach,

BTSSRt LTRSS VST ol
tthreagg‘ﬂltéf%: 9n 0% tﬂ%ggﬁgc&{ ‘éhggc j?rge gag% rénpwlﬁ#l e@%{ a§ J!nr}. r}ghghe

spectrum char acterl I C processing s orci

| A 2BE8Aa R t P RECITHINBIRL Ll Wde, 0f, &0 d HARRuehbPRaxis.

sequénce signal, in a
[Claim 13]

A transmitting method according to Claim 11, wherein the

spectrum characteristic processing 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
transmissioh,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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manner that the spectrum anplitude of the original
ti me sequence signal becones equal to that of a
nodul ated signal for transm ssion, while retaining
phase information of the spectrum of the origi nalS04P1166
time sequence signal. [Caim14] A transmtting nethod
according to Caim12, wherein the spectrum
characteristic processing step sets a spectrum

litude of _a or| i nal tine sequence signal to a

IPGATREE o™, 8F LB 41O Feltler FrofUBHEY D™ end

e bands, of a frequency domain in use, and

&ﬁ%H#hggythe spectrun1anplltude at the other

fr equﬁ%xﬁ%ﬁ@%angr | g|Hr?ay[128&o£&ﬂ the-FPeEhLL U{er—bereln the

anplitude of the trme se uence si gnal becones

- fd@huntchdhtceefi cai g s sPhM gl 1 WidLrhe spectrum

retai ni ng phase 28 S04P1166 in rnatlon of the

aopildicndk dri ke seqitencirangialy. bafdhatmnkSFréquency bands.
transmtting nethod according to Caim 14, wherein the
[§3edmr YA characteristic processing step nullifies the
spectrum anplitude on the center frequency band and
end f?eﬁﬁ%ﬁﬁviﬁéﬁﬂsmetP@ﬂaﬁﬁ?Q&ﬁ?@Sﬂ¥hﬁ§#ﬂﬁtPngfﬁﬁ¥%%@
accordin further risi gta pre-anbl e

CSRPEEP T F&%eg@“ﬁsﬁtr&ﬁms%‘b%%gea E?@ﬁa Seesivertarnl
F%Rvé?@eé R SAAENGE o gt%%%ceagl A &5 %&PLS g nea'mgnal

or attalning synchronizati on on recei

- rehen et 8 ANey LSRG -RAL bR' Hn 4 oF &4k i1 Rdyapee | s

read out and transmtted together with a transmtted
dat a Jaeshe 9D ther @RS HESlicopather8ftored 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
an original time sequence signal of a knownmulti-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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[claim 17] A storage nedium storing a nmulti-val ued
pattern, wherein an original tinme sequence signal of
a-known multi -valued pattern is converted into a
frequency signal, an anplitude of a spectrum si griuP1166
I s .changed whil e phase information of the spectrumis
retai ned, and thereafter the spectrumsignal is
reconverted into a signal on the tine base. [Claim

181 A transniitjn devi,ce conprising; a _storage nedi um
TEGETHG BLART 1 o iGReePR GhReT Mo daTs

convert| .original tine sequence si . of a known
mul £ 1 2T BT Bart BPRCT nT & SRSGBRYOLT HHACT BRRRERGPT
N 5 EQEE%&PQ@é&ﬁdé% ReGLS.udLgi gnal while retaining

phase i1nformation of theé'spectrum and thereafter

r econyef#d i 18 o2 mSAAR1 R8¢t SPRLIdM:S ikgRakhul B Ovalued
signal on the tinme base; a nodul ati on nmeans that
pperbonnseaddit@i ithie processi Ngditm & td FieFabed dagaal
body; and a transm ssion neans that transmts the
tegetheyativdda fyamiserin tedasl dnadnmodrel st byetinedicdmilasion
"a pre-anble signal together with a transmitted signa
Tg8a&F at ed by the nodul ation neans. 30
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