21 SEP 2004 1 LEADI NG WAVE POSI TI ON DETECTI NG UNI T, RECEI VER, LEADI NG
PCOSI TI ON DETECTI NG UNI T, LEADI NG WAVE PCSI TI ON DETECTI NG METHOD AND
LEADI NG PCSI TI ON DETECTI NG METHOD BACKGROUND OF THE | NVENTI ON FI ELD] OSEPHE)4
| NVENTI ON. The present invention relates to a | eading wave position
detecting unit, nmethod and the like for detecting the position of the

| eadi ng wave in a delay profile. DESCRLPTI ON OF RELATED ART Fig . 1A is a
diagramillustrating a case where a nobile station receives a radio wave

froma base siahb@RcafhoRNBos2reNd WetHctAd: Anyeyespdddivid & felhagd ed or
diffracted framy o %ﬁ%%%% e S std ATy, mg‘%m@f Siation,

and Fig. 1HISs adiagramillustrati % nE % gatlon delay
prof ile. The radid! AN L APEW ESIFéPN EFHSTJEP EE GPile are
called an el enentary wave (path). In the delay profile as illustrated in

Fig. 1B, the axis of abs@ASHSRGOINDS@R sSTHRe INVENTRONN del ay tine
(called "delay tinme" fromnow on) of incomng radio waves to the nobile

station, and the axis of ordj S . ceived power. The axis
of ordinates can represent gkﬂgﬁﬁpéggﬁigﬁpP@ighgﬁﬁg5ﬁeceived power or the
propagation |oss can be represented in ternms of an absolute value or a
rel ative val (Bhe Fxgesegnitsinvigrockodi nglameshdw agleadom g vei pasdftizon
conventional receiver. The receiver as shown in Fig. 2

detecting unit, method@ and the like for detecting the

position of the leading wave in a delay profile.

DESCRIPTION OF RELATED ART

Fig. 1A is a diagram illustrating a case where a mobile
station receives a radio wave from a base station antenna
along with radio waves that are reflected or diffracted from
buildings and the like and arrive at the mobile station, and
Fig. 1B is a diagram illustrating an example of a
(propagation) delay profile. The radio waves (1), (2) and
(3) in the delay profile are called an elementary wave (path).

In the delay profile as illustrated in Fig. 1B, the axis
of abscissas represents the propagation delay time (called
"delay time” from now on) of incoming radio waves to the
mobile station, and the axis of ordinates represents the
received power. The axis of ordinates can represent a
propagation loss. The received power or the propagation
loss can be represented in terms of an absolute value or a
relative wvalue.

Fig. 2 is a block diagram showing a configuration of a
conventional receiver. The receiver as shown in Fig. 2

comprises an antenna 120, despreading code generators 122



conprises an antenna 120, despreadi ng code generators 122 21 S E P 2004 2
and 136, nultipliers 124 and 138, a delay profile neasuring section %ZgP 04
an averagi ng section 127, a noise |evel detector 128, an elininator213 ; Q
path sel ector 132, a detection timng setting section 134, and a RAKE
conbi ner 140. Receiving a signal via an antenna 120, the nultiplier 124
multiplies it by a despreadi ng code generated by the despreadi ng code
generator 122 so that the received sigﬁ%l i s despread and the paths are
di vided. The delay profile measuring section 126 neasures the received
power s a@fd tiwes , dinvildellp patchss 1bdr abyd eSS urande(@roducoigh & hee @shaying
profile. Since the neasured delay profile includes noise, it is suppressed
by t he saer aghny2sechinoavid7agieigesdevibn Hatlecbonoizsd: lank kldeat eattorr
130. The path selector 132 selects the paths (paths with |arge received
pover, 1fxg, exane Elmdppiopri dt 80f oa tpet RAKE 1eorduimi b 2fr om tledection
noi se- suppressed delay profile. The detection timng setting section 134
sets detigeingn sdtrtngg i ecdnsoneldtd pnanfd tdeRphscembeoted By @ he path
selector 132. The despreadi ng code generator 136 generates a despreading
code in respenseivdndieadstigptabnvtiianiany adeétecermiandd® by the detktipdier
timng setting section 134. The nultiplier 138 despreads the signal
recei va® 4i muilhei phiiemai t 120y ahddaspsebecing seldet genayatgst hxy , they |
and Lllpa L11 i Lor 32 Sei ~~}.. to be ) _
despreading code generator 122 so that the received signal
is despread and the paths are divided. The delay profile
measuring section 126 measures the received powers of the
divided paths, thereby measuring (producing) the delay
profile.

Since the measured delay profile includes noise, it is
suppressed by the averaging section 127, noise level
detector 128, and eliminator 130.

The path selector 132 selects the paths (paths with large
received power, for example) appropriate for the RAKE
combining from the noise-suppressed delay profile. The
detection timing setting section 134 sets detection timing
in consideration of the paths selected by the path selector
132. The despreading code generator 136 generates a
despreading code in response to the detection timing
determined by the detection timing setting section 134. The
multiplier 138 despreads the signal received via the antenna
120, and the path selector 132 selects the paths to be
supplied to the RAKE combiner 140 from the received signal.
The RAKE combiner 140 carries out the RAKE combining of the
input paths. The RAKE combined signal undergoes

deinterleaving and the like thereafter. Thus, the finally



supplied to the RAKE conbi ner 140 fromthe received signal. The RAKE
conbi ner 140 carries out the RAKE conbi ning of the 1input paths. The RAKE
conbi ned signal undergoes deinterleaving and the like thereafter. ThuSEP 2004
the finally 21 SEP 2004 3 denodul ated data is obtained. Assume that a
comuni cation unit A transmts a signal to a comunication unit B, and the
communi cation unit B neasures the delay profile of the received signal. If
the position of the | eading wave can be detected in the neasured delay
profile, the distance between the comunication unit A (transmitting site)
and t heéemop@udiadatdodatat iB dweadnddg site) can be obtained. In the
exanple of Figs. 1A and 1B, the leading wave is the path (1). The del ay
profil e as nhldsusheatéd t naFcommibn i ceovwkesar units Antrdaatmddlsaya ps bnlael
and when an actual delay profile is nmeasured, the path position remains
undet et reabtemmegavse DHnr enept | 8n (akefl ectheong otnmi md ¢ afhi snwiuld i beB
descri bed taking an exanple of CDMA. The received signal is received in
the fommaduaes gitad delledf pFofile cofisthlel npotigeslipeigasili onldf the
signal (a) of Fig. 3 and a spreading code (b) of Fig. 3. The spreading
code psiwitiocade) rdémailsailivay iveatefoanebehdeyrdot eso ivhdth e e adelrad
profile is observed for each synbol. The observational |ength for each
synbol diesl xpnpoolfyi kal | éthe ihsbanualtthe tFecobttaha chendenagalr ddn| angyt
despreadi ng the received

A (transmitting site) and the communication unit B

(receiving site) can be obtained. In the example of Figs.

1A and 1B, the leading wave is the path (1).

The delay profile as illustrated in Fig. 1B, however,
is an ideal delay profile, and when an actual delay profile
is measured, the path position remains undeterminable
because of reception (detection) timing.

This will be described taking an example of CDMA. The
received signal is received in the form of a signal (c) of
Fig. 3 consisting of a superposition of a signal {a) of Fig.

3 and a spreading code (b) of Fig. 3. The spreading code
(short code) remains invariant for each symbol so that the
delay profile is observed for each symbol. The
observational length for each symbol is commonly called
window width.

To obtain the delay profile by despreading the received
signal (transmitted signal), waveforms (correlation
outputs) as shown in Figs. 4A and 4B are obtained in which
the paths (A), (B) and (C) are repeated. Thus, the path
position remains undeterminable because of the reception

(detection) timing.

For example, actual measurement of the delay profile as



signal (transmtted signal), waveforns (correlation outputs) as shown in
Figs. 4A and 4B are obtained in which the paths (A), (B) and (C are
repeated. Thus, the path position remains undeterm nabl e because of21§@p2m4

reception (detection) timng. For exanple, actual neasurenent of the delay
profile as 21 SEP 2004 4 illustrated in Fig. 1B can provide path position
rel ati onships as shown in Fig. 5A Fig.4 5B or Fig. 1B, which neans that
the path alignment is uncertain. Therefore, it is desired to establish a
met hod of detecting the path associated with the | eading wave. Here, the
order of ipattratld - tpatthi §¢2) Imtbah3)ppatridel) pashf ipeditAlehough one
synbol length is commonly nuch | onger than a maximumdelay tinme, if it is
not nuelllaangen sthigpst Ae slwdwumM ndeligy Sizne Fidge sBndawhiigit HBarwhdch
equi val ently w dened by conbining the short code with a long code. In
addi timaana ttihatadthml paedswleignimenit the delcertaiof. | efhelre fvavef,ordns
bl unt because of a frequency bandwdth |imt. The delay profiles as

il lustist étkshrEidysto B3 ta&Bldaxh 5B aresthod defal ddddeayt pngf i tleewlpatlihe
frequency bandwidth is infinite. Fig. 6 is a diagramillustrating an
exanpl asshereatles witay threofléeddng|vasterat diece Fitghre 18ridemcefapth
neasured. The delay profile as illustrated in Fig. 6 (on which a
frequenay bawvhdi(lz } inpatibs { Bposedtitofdgdspondsiedhe delay profile as
illustrated in Fig. 5A (on which no frequency

Although one symbol length is commonly much longer than
a maximum delay time, if it is not much longer than the maximum
delay time, the window width can be equivalently widened by
combining the short code with a long code.

In addition, in the actual measurement of the delay
profile, the waveforms blunt because of a frequency
bandwidth 1imit. The delay profiles as illustrated inFigs.
1B, 5A and 5B are an ideal delay profile when the frequency
bandwidth is infinite.

Fig. 6 is a diagram illustrating an example where the
delay profile as illustrated in Fig. 1B is actually measured.
The delay profile as illustrated in Fig. 6 (on which a
frequency bandwidth limit is imposed) corresponds to the
delay profile as illustrated in Fig. 5A (onwhich no frequency
bandwidth limit is imposed). As illustrated in Fig. 6, the
waveforms of the delay profile blunt. Accordingly, even if
it is found that the mountain-like portion including the path
{1} is the region {(1') that includes the leading wave, the
position of the leading wave (1) cannot be identified.

Incidentally, the delay profile is commonly measured by
sampling, and the delay profile as illustrated in Fig. 6 is

a delay profile measured by sampling.



bandwi dth limt is inposed). As illustrated in Fig. 6, the waveforns of
the delay profile blunt. Accordingly, even if it is found that the
nount ai n-1i ke portion including the path (1) is the region k111) tfﬁ%EPZW#
i ncl udes the | eading wave, the position of the |eading wave (1) cannot be
identified. |Incidentally, the delay profile is commonly nmeasured by
sanpling, and the delay profile as illustrated in Fig. 6 is a delay
profile measured by sanpling. 21 S EP 2004 5 As a conventional |eading wave
position detecting nmethod, there is a nethod of detecting the position of

t he | eadi ngAsV\@\(ﬁJﬂlﬂetrﬂIjj@anl it ba oSG tw @0 eah c Bhitciho 4 ke satpl Edgvae ttiod
(received power or the like) is maxi mum The nmethod, however, causes nany

er roneghe et £6t home tHos dexd i et e apfilyg nghehe o et het tef t bR eCaseaahi g 9.
6, it detects the position of the path (2) as the position of the |eadl ng

wave. SEMEARYK O eltits| NVENDTheNPds i & itdrer akore Aphohjieet saimp be dpresgnle
I nvention to detect the position of the | eading wave correctly in the
del ay (peeféeieed powscc@mlihshltike phjeaiazofmte prEsemie thveh) imdwever,
according to the first aspect of the present invention, there is provided
a | eadcag ey enpnyi eraronebec deg eanttiofor Helreekiantp hel, eagpigy wave the
position in a delay profile, the |eading wave position detecting unit
conpr i mengiodi te thaceaseasfirk¥hg .néand tf ate treadw itige tPp os idpaoss olfethisen
sanpl ed values of a delay profile sanpled along a delay tine axis;

path (2) as the position of the leading wave.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
détectthepositionoftheleadingwavecorrectlyjjlthedelay
profile.

To accomplish the object of the present invention,
according to the first aspect of the present invention, there
is provided a leading wave position detecting unit for
detecting a leading wave position in a delay profile, the
leading wave position detecting unit comprising: time space
measuring means for measuring time spaces between sampled
values of a delay profile sampled along a delay time axis;
leading position detecting means for detecting a position
of a sampled value immediately after a maximum time space
from among time spaces measured by the time space measuring
means as a leading position; and leading wave position
detecting means for detecting an initial peak position of
the sampled values after the leading position detected by
the leading position detecting means as a leading wave

pesition.



| eadi ng position detecting neans for detecting a position of a sanpled
value imedi ately after a maxi mumtinme space from anong tine spaces
measured by the tinme space neasuring nmneans as a | eading position; gndSEP 2004
| eadi ng wave position detecting neans for detecting an initial peak
position of the sanpled values after the | eading position detected by the
| eadi ng position detecting neans as a leading wave position. 21 S E P 2004
6 Here, the |eading wave position detecting unit may further conprise

noi se suppressing neans_for_ suppressing noise of the delay profile, and
the time spHe&amrading nhemddisd wWay ereRoGiet iae defeeSpddes Batileenathe
sanpl ed val ues of the delay profile with its noise suppressed by the noise
suppr eS ¥ eBasLMPELS e t R 1Shps B® P 5184 NfhyBareceP ¥Fed HRRES AL DES.
According to the second aspect of the present invention, there is provided
a recenPdrs &« ®piting dglaymrapade n@é’s&jrﬁ% gl $ P 3 enfda s g e adfaces
bet ween sanpled values of a delay profile sanpled along a delay tine axis;
| eadi NPodie AEH Ifet BBE Al ABafPFOrSIPEdcreRE LR sFaMghedf va Laasl &f
value imediately after. a maxinumtime space from anong tine spaces.

neasur E8epydehe ¥t ipECSgakR Weddurihg TRAAS é#@PF&ﬂﬁ%é basi thgnnahge

| eadi ng wave position detecting neans for detecting an initial peak

posi t i BRPHL eBRe-EAnPCE Fal ues after the | eading position detected by the

|eamrm)pOShgégndgﬁ%pyégbﬂg%h%éﬁhgsl%%@rg%w@ggeived power values.

According to the second aspect of the present invention,
there is provided a receiver comprising: time space
measuring means for measuring time spaces between sampled
values of a delay profile sampled along a delay time axis;
leading position detecting means for detecting a position
of a sampled value immediately after a maximum time space
from among time spaces measured by the time space measuring
means as a leading position; and leading wave position
detecting means for detecting an initial peak position of
the sampled values after the leading position detected by
the leading position detecting means as a leading wave
position, wherein the delay profile is a delay profile in
terms of paths generated by despreading and dividing, at a
receiving side, a transmitted signal spread using a
spreading code.

According to the third aspect of the present invention,
there is provided a leading position detecting unit for
detecting a leading position in a delay profile, the leading
position detecting unit comprising: time space measuring
means for measuring time spaces between sampled values of

a delay profile sampled along a delay time axis; and leading



position, wherein the delay profile is a delay profile in terns of paths
generated by despreading and dividing, at a receiving side, a transBMmSEpepl{
signal spread using a spreading code. According to the third aspect of the
present invention, -1--here is provided a |eading position detecting unit
for detecting a |eading position in a delay profile, the leading position
detecting unit conprising: tinme space Feasuring nmeans for nmeasuring tinme

a

spaces between sanpl ed values of a delay profile sanpled along a del ay
time axis; and leading 2 1 SEP 2004 7 position detecting peans for

det ectp®gid gz diedreof iag saApIad Farud e medidan@l ¢ HIettaamxPhud tine
space from anong tine spaces neasured by the tine space neasuring nmeans

as a |saEpdgbospiiveh. inpestdahg livo ahEeffo@ theBdPutt bLMehSPRESeHTOM
invention, there is provided a | eading wave position detecting nethod for
det ectamgng L&tk rap A66S PEAENERT RYatdE ime tPRES mter?esvﬁ&gﬁéh@%v@

posi tion detecting nethod conprising: a tine space nmeasuring step of
measurdfigat i dpRcksPpEieeP -sanpl ed val ues of a delay profile sanpled

along a delay tinme axis; a |leading position detecting step of detecting a
posi ti on ofAGcezfbirg Yaltlae hrvd Q%P%T’Fe‘?gat}f’rﬁxf’ﬁ%rﬁet‘?ﬁelngﬁé‘ctel??om

anong tine spaces neasured in the tine ace asurlgngtef%as a Iqﬁghng

posi t i BheTgnd % PEaHIHL dadel GFSEH RPN Seef RPFAG QR pIGE et BBE AF S

initial peak . poghtion of Lhe; 32m)ed VaLhuss 8hheid NS heddiPopRat i g
the leading wave position detecting method comprising: a
time space measuring step of measuring time spaces between
sampled values of a delay profile sampled along a delay time
axis; a leading position detecting step of detecting a
position of a sampled value immediately after a maximum time
space from among time spaces measured in the time space
measuring step as a leading position; and a leading wave
position detecting step of detecting an initial peak
position of the sampled values after the leading position
detected in the leading position detecting step as a leading
wave position.

Here, the leading wave position detecting method may
further comprise a noise suppressing step of suppressing
noise of the delay profile, and the time space measuring step
may measure the time spaces between the sampled values of
the delay profile with its noise suppressed by the noise
suppressing step.

Here, the sampled values may be received power values.

According to the fifth aspect of the present invention,
there is provided a leading position detecting method for

detecting a leading position in a delay profile, the leading



detected in the | eading position detecting step as a | eading wave
position. Here, the |eading wave position detecting nethod may further
conprise a noise suppressing step of suppressing noise of the delay 1 SEP 2004
profile, and the tinme space neasuring step mnay neasure the tine spaces
bet ween the sanpled values of the delay profile with its noise suppressed
by the noise suppressing step. Here, the sanpled val ues may be received
power values. According to the fifth aspect of the present invention,
there is provided a | eading position detecting nmethod for , detecting a
| eadi npopdst 1 bondem ex Uehgymprtdfé d esomp e issaif nga 2 AMSEPP 20@IME g Filingh
detecting nethod conprising: a tinme space neasuring step of neasuring tine
spacesshetmesh s edivg vesmef spadelsayppreride samplleid avedgias delfaya
-~-ime axis; and a leading position detecting step of detecting a position
of a sédrplay pwafdd ¢ madpaes] v ldngraad addymihne n@xdFac@rf¢ omlgadd ng ne
spaces nmeasured by the tinme space neasuring step as a | eadin posi tion.
Accor dpeg i ol ohedk trefdniong temfo £ idriEacitog @ Mo padiitow et ¢ adeprlexdi ng
wave can be detected correctly in the delay profile. Theabove and ot her
obj ect ¥alai¢ sgnme dfianl @l ¥sad e T RV AHES SRS PRESRT AM AP NEntEMe
beconme nore apparent fromthe follow ng description of an enbodi nent
t her eof PEk@H Me ASEdh dieY i ohevk 1 het AP SHBRRYFIR Ash#A@S @ leading

position.

According to the foregoing configurations, the position
of the leading wave can be detected correctly in the delay

profile.

The above and other objects, effects, features and
advantages of the present invention will become more apparent
from the following description of an embodiment thereof taken

in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a diagram illustrating a case where a mobile
station receives a radio wave from a base station antenna
along with radio waves that are reflected or diffracted from
buildings and the like and arrive at the mobile station:

Fig. 1B is a diagram illustrating an example of a
(propagation) delay profile;

Fig. 2 is a block diagram showing a configura
conventional receiver;

Fig. 3 is a diagram illustrating a received signal;

Figs. 4A and 4B are diagrams illustrating an outline of

delay profile measurement;



BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1A is a diagram-illustrating a case
where a nobile station receives a radio wave froma base station antenna
along with radio waves that are reflected or diffracted from buiI?Hqﬂﬁ,ﬁmp
the like and arrive at the nobile station; Fig. 1B is a diagram

Il lustrating an exanple of a (propagation) delay profile; Fig. 2 is a

bl ock di agram s'nowi ng a configurationg of a conventional receiver; Fig. 3
is a diagramillustrating a received signal; Figs. 4A and 4B are di agrans
illustrating an outline of delay profile neasurement; 21 S E P 2004 9
Figs. 5A anHigB arsé: diregrabmare|dsagatamg ¥ blastonghiipy sl agdropahips
positions when actually neasuring the delay profile as illustrated in Fig.
1B; Filget&rdsn apditdyr pmsd ionsatwhgnareekuagl ley wied saer yald ytheeabait Bivg
the delay profile as illustrated in Fig. 1B, Fig. 7 is a block diagram
showi ngrafcoht¢i qui at 1 dmsdfratedcel e igf - ahBenbodi nent in accordance with
the present invention;, Fig. 8 is a diagramillustrating an exanple of a
del ay profFlig -atet aged iygaamaiddars hgaddn g &n eManpd e whenjparaml 1y
illustrating an exanple when obtaining a cunulative probability with

sanpl edeggiuesng Filge @?I%YanﬁQﬁlémia$uéﬂ%ﬁ$ﬁ§aéﬁﬁla9;ﬁbﬁhléﬁh whi ch
sanpl ed val ues considered as noise are renoved from i )

Fig. 7 is a block diagram showing a configuration of a
receiver of an embodiment in accordance with the present
invention;

Fig. 8 is a diagram illustrating an example of a delay
profile averaged by an averaging section;

Fig. 9 is a diagram illustrating an example when
obtaining a cumulative probability with sampled values;

Fig. 10 is a diagram illustrating a delay profile in
which sampled values considered as noise are removed from
the delay profile as illustrated in Fig. 8; and

Fig. 11 is a diagram illustrating time spaces between
sampled values of the delay profile as illustrated in Fig.

10.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention will now be described with reference to
the accompanying drawings.

Fig. 7 is a block diagram showing a configuration of a
receiver of an embodiment in accordance with the present
invention. The receiver of the present embodiment comprises
a leading wave position detecting unit 10, an antenna 20,

despreading code generators 22 and 36, multipliers 24 and



the delay profile as illustrated in Fig. 8, and Fig. 11 is a diagram
Illustrating tine spaces between sanpled values of the delay profile as
illustrated in Fig. 10. DETAILED DESCRI PTI ON OF THE PREFERRED ENVB@DI RN
The invention will now be described with reference to the acconpanying
drawings. Fig. 7 is a block diagram showi ng a configuration of a receiver
of an enbodi nent in accordance with the present invention. The receiver of
t he present enbodi ment conprises a |eading wave position detecting unit
10, an antenna 20, despreading code generators 22 and 36, nultipliers 24
and 2138EP 200418y 38rod idet apeprsoir Lo grepaatilng. sket i en 6t hasgakéctor
selector 32, a detection timng setting section 34, and a RAKE conbi ner
40. Th22l, eadiagewdvicoposinioyg dettetcinggs epitti d hmand esRAKE avergneg
section 27, a noise level detector 28, an elimnator 30, a time space
measur4fig section 12, a leading position detector 14 and a | eadi ng wave
position detector 16. The | eadi ng wave position detecting unit 10 can be

i mpl enent edThiet Hezafld nhew f¥empefs hiidwarde tec tsof gwand sl dgcommpspse s
(Digital Signal Processor) etc. Receiving a signal via the antenna 20, the
mul ti phhe@veramiing psieast 1enby2 4, daspreddieng-¢vdé genlepatedr by 8t.hean
despreadi ng code generator 22 so that the received signal _is despread and
t he pathdmgreagion ddi. Thelme §PPreffpasuring section 12, a leading

position detector 14 and a leading wave position detector
16. The leading wave position detecting unit 10 can be
implemented either in the form of hardware, or software using
a DSP (Digital Signal Processor) etc.

Receiving a signalrvia the antenna 20, the multiplier
24 multiplies it by a despreading code generated by the
despreading code generator 22 so that the received signal
is despread and the paths are divided. The delay profile
measuring section 26 measures the received powexs of the
divided paths, thereby measuring (producing) the delay
profile. The measurement is carried out by sampling.

Since the measured delay profile includes noise, it is
suppressed through the averaging section 27, noise level
detector 28, and eliminator 30 as follows.

The averaging section 27 carries out (time) averaging
of the sampled values (received powers in the present
embodiment) of the delay profile (or the delay profile
obtained by carrying out in-phase additicon to further
suppress the noise).

Fig. 8 is a diagram illustrating an example of the delay
profile averaged by the averaging section 27, in which 31

sampled values are shown.



measuring section 26 nmeasures the received powers of the divided paths,
t hereby neasuring (producing) the delay profile. The neasurenenti?qSEP2m4
carried out by sanpling. Since the nmeasured delay profile includes nolse,
it is suppressed through the averaging section 27, noise |level detector
28, and elimnator 30 as follows. The averagi ng section 27 carries out
(time) averaging of the sanpled valueﬁl(received powers in the present

e

enbodi ment) of the delay profile (or t delay profile L/U Laiiled by
carrying out _I-i.L Llase a WU. ..L to i lil Lllel suppress the noise).
Fig. 8 is aTieagraisia Ihisteat AeFemtexads! datechs ddraynopiss ilevadedyed
by the averaging section 27, in which 31 sanpled values are shown. 2 1 SEP
2004 ThBEenE YeREP fdet @ct oP DB Héfl€d@ 5 1vheifoPHE el the cumsieiaye
profile. Specifically, it obtains the cunulative probability of the

sanpl eBTWHr s 1idhy pdkeshens avppred vy ings ( r aed ik pewdile csamzbsadi ng
to a predeterm ned cunulative probability X [% a noise level No . As a
concr eV&14Ry (EFafgekvesh Dpw b€ OFFRE PPHA X dnpi%e.@ FPge R t 8 TR @Er am
illustrating an exanpl e when obtaining the cupul ative praqbability of the
sanpl eGUEIHRE 1 Vermr @PpRiinkt bY B0 Toris iRt $eshffrddNval LS 1R SOTFRR te
path | evel thr%shold vgﬁyi Lth = No +€§#has noige, aqP renmoves these
sanpl edvdt e’ f rom PR HEl SFriofi ME _etfé’IN. 8™~ Moi se | evel detected
by the noi sl evel, detegtar; 28, ,and f ok d.% 25 RSISE CLTGh ¥l S hat ey
obtaining the cumulative probability of the sampled values.

The eliminator 30 considers sampled values less than a
path level threshold value L., = N, + AL as noise, and removes
these sampled values from the delay profile, where N, is a
noise level detected by the noise level detector 28, and A
L is a predetermined value that may be zero.

Fig. 10 is a diagram illustrating a delay profile
obtained by removing the sampled values considered as noise
from the delay profile as illustrated in Fig. 8. 1In the
example as illustrated in Fig. 10, 18 sampled values that
are less than the path level threshold value L., are
considered as noise, and are eliminated. On the other hand,
13 sampled values {(a)-{m) remain because they are equal to
or greater than the path level threshold wvalue L., .

To suppress noise, although it is preferable to carry
out the averaging processing (by the averaging section 27)
and the threshold wvalue processing {by the noise level
detector 28 and eliminator 30), the averaging processing
and/or threshold wvalue processing can be obviated.

The delay profile undergone the noise elimination by the

eliminator 30 is supplied to the time space measuring section



Fig. 10 is a diagramillustrating a delay profile obtained by renoving the
sanpl ed val ues considered as noise fromthe delay profile as illu tfggeﬁm
in Fig. 8. In the exanple as illustrated in Fig. 10, 18 sanpled valu
that are less than the path |evel threshold value Lth are considered as
noi se, and are elimnated. On the other hand, 13 sanpled values (a)-(m
remai n because they are equal to or g{gater than the path | evel threshold
value Lth. To suppress noise, although it is preferable to carry out the
averagi ng processing (by the averagi ng section 27) and the threshold val ue
proces$n@ {dy t T&enck tBe SpaceddtestriZegafe el iahndtbrmgapures the
aver agi ng processinz and/or threshol d val ue processing can be obvi at ed.
The detdpepsaratesufdidfons )t he e e thiensasn badbyatlhees ad f i het dnmoti s
supplied _to the tine space neasuring section 2 1 SEP 2004 12 12 etc. The
time sfad@¥reBE@dihbesection 12 neasures the time spaces (w dths) between
the sanpl ed_val ues of the input delay profile. Fig. 11 is a diagram
i | 1ustratinfitheltli &8 3 hbagFa idehr S §&pt bagviaRgesine $ra fes 4 brefdn e
as illustrated in_ Fig. 10. In Fig. 11, tinme spaces_t 1 - '"C 13 are_
i |1 ust FEMRALeAnvRHiEdsSt A SRR 1anATREA tha SahpHars Vapted (3 Bid@ (a)
I's represented as the.sumof t A and V,.. The | eading position detector 14
obt ai n%oa mebdt mtidral bé - fiTfe SBAESSpaces measured by the tinme space
measurin
t?—fl3 are illustrated, in which the space 7, between the
sampled values {m) and (a) is represented as the sum of T
1o and T,5.

The leading position detector 14 obtains a maximum value
of the time spaces measured by the time space measuring
section 12, and detects the position of the sampled value
immediately after the maximum time space in the delay profile
as the leading position. In the example of Fig. 11, the time

space T, is the maximum value so that the position of the
sampled value immediately after it, that is, the position
of the sampled value (h) is detected as the leading position.

The leading wave position detector 16 detects the
initial peak position of the sample values after the leading
position detected by the leading position detector 14 as the
leading wave position.

A detecting method of the leading wave position by the
leading wave position detector 16 will be described in more
detail. It assigns the sampling numbers 1, 2, .. to the
sampled values beginning from the leading position. In the
example as illustrated in Fig. 11, the sampled value (h) is
assigned a sampling number 1, the sampled value (i) is

assigned a sampling number 2, followed by assigning the



section 12, and detects the position of the sanpled value inmmediately
after the maxinumtime space in the delay profile as the |eading position.
In the exanple of Fig. 11, the time space V8 is the maxi mum val ue? $G§EPHA
the position of the sanpled value inediately after it, that is, the
position of the sanpled value (h) is detected as the Ieadlng position. The
| eadi ng wave position detector 16 deteggs the initial peak position of the
sanpl e values after the leading position detected by t he | eadi ng position
detector 14 as the |eading wave position. A detec met hod _of _t he
| eadi naawﬂelﬁss.rwfaﬁew tJh‘é & éa?d?ﬁéa\ﬁa\}'é%oélf’t‘% %‘F‘P%@% YRlpe
descri i.n nore e .
't sl 09 ik BrS4agea” ol samp Land ndnReTT oo %ﬁ&é‘s $35LaT HBOT EOR © he
[ fion n_the exa illustrated in_Fi
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E(k) = E{(k + 1) 2 E(k + 2)

where E(k) is the sampled value of the sampling number k.
In the example of Fig. 11, the sampled value (j) (sampling
number 3) is detected as the leading wave.

Although the present embodiment utilizes the received
power values as the sampled values, this is not essential.
For example, other values such as propagation losses can be
used.

In addition, although it is preferable to employ the
leading wave position detected by the leading wave position
detector 16 as the leading wave position, the leading
position detected by the leading position detector 14 can
be used as the leading wave position to simplify the system,
in which case, the leading wave position detector 16 can be
removed.

As described above, according to the present invention,
the position of the lead;ng wave can be detected correctly

in the delay profile. Once the position of the leading wave

has been detected correctly, the distance between the



where E(k) is the sanpled value of the sanpling nunber k. In the exanple of
Fig. 11, the sanpled value (j) (sanpling nunber 3) is detected as taq 04
| eadi ng wave. Although the present enbodi ment utilizes the received®p @
val ues as the sanpled values, this is not essential. For exanple, other

val ues such as propagation | osses can be wused. In addition, although it is
preferable to enploy the |eading wave,position detected by the |eading
wave position detector 16 as the | eading wave position, the |eading
position detected by the |eading position detector 14 can be used_as the

| eadi n§ BREVETNHELIRRGnS LS &P fg-yxet Heeg9dtvdR g §atehich EhSes iFrallesdmg
wave position detector 16 can be a reinrenoved. As described above,

accor dPfg AbteA&8f esent invention, the position of the |eading wave can
be detected correctly in the delay profile. Once the position of _the

| eadi ng wavéNenRE oA tddreee BY 18 Mkt IBeeRheehiTT hRed Bt WA itews b SEP
2004 14 transmtting site and_the receiving site of the signal can be

\ Si
obt ai n&?.spr%%tp\"%s‘%ﬁ’trei%%gﬁﬁ‘%ﬁn}%d%‘@r?ﬁesa&@t}eiawilnl Jdé’c%‘?lb%viatRPaFgé‘p*ect

to a preferred epbodi nent, and . it will n be apparent from the foregoin
{0 thofd A TREAE PR AHRLAR HhADQRANGES L1l ABALH AT brblidy HeORGES

Wthougn Fﬁ%&@%ﬁéé TJJ? may be made without departing from the
invehtion in its broader aspects, and it is the intention,
therefore, in the appended claims to cover all such changes
and modifications as fall within the true spirit of the

invention.



invention in its broader aspects, and it is the intention, therefore, in

t he appended clains to cover all such changes and nodifications a f?l
within the true spirit of the invention. 2 1 S E P 2004 15 WHAT &1 SERMED
IS: 1 . Aleading wave position detecting unit for detecting a |eading
wave position in a delay profile, said | eading wave position detecting
unit characterized by conprising: tinme,space neasuring neans for neasuring
time spaces between sanpled values of "a delay profile sanpled along a
delay tine axis; maximumtine space identifying neans for identifying a
maxi mum tinme space _from anmong tinme spaces neasured by said tine space
nmeasuri ng WﬁﬂﬁuﬁSI9£§Jﬂﬁg ﬁééition detecting neans for detecting a position
of a sanpled value imediately after the maxi num tine space identified by

sai d maxi mum tiyre SRAaGRy WHARNMISHNGIRANERIng headi 19 PRitideAngand
| eadi ng wave position detecting nmeans for deteCting an initial peak
posi tion ofeadiggssargiteedomslitien dint & ddlay Ireefiidg pesiid deagdnectwédeby sai d

ca 9 D FEEELLS MRS Ak EpLLD PSRRI 2 The
by further coniin® Ngpad®i BaSUPPRES KieAGsNERDTS heasstpy esdinag spaicee of t he
del ay p”ﬁgééﬁeéﬁmgéﬁéied values of a delay profile sampled along a
delay time axis;
maximum time space identifying means for identifying a
maximum time space from among time spaces measured by said
time space measuring means;
leading position detecting means for detecting a
position of a sampled value immediately after the maximum
time space identified by sald maximum time space
identifying means as a leading position; and
leading wave position detecting means for detecting an
initial peak position of the sampled values after the

leading position detected by said leading position

detecting means as a leading wave position.

2. The leading wave position detecting unit as claimed in
claim 1, characterized by further comprising:
noise suppressing means for suppressing noise of the
delay profile, wherein
said time space measuring means measures the time
spaces between the sampled values of the delay profile with

its noise suppressed by said noise suppressing means.

3. The leading wave position detecting unit as claimed in
claim 1, characterized in that the sampled values are

received power values.



said time space neasuring neans neasures the tine spaces between the
sanpl ed values of the delay profile with its noise suppressed by said

noi se suppressing neans. 3. The | eading wave position detecting LWQQSEp2m4
claimed in claiml, characterized in that the sanpled values are ~received
power values. 2 1 SEP 2004 16 4. A receiver characterized by conprising:
time space measuring neans for measuripg tine spaces between sanpled
values of a delay profile sanpled along a delay tinme axis; |eading

posi tion detecting neans for detecting a positjon of a sanpled val ue
i mredi at el4- af eX eL SHRINGRAERRECT 3 PBE LY r SPRRITOTY'E 7 me spaces measured by

said time spacg; feagulidgnaRalsi ﬂﬂelagﬁdiﬂ& PRShdPhg 2Bdmbeagideg swave

position detecting nmeans for detecting Initial peak position of the

sanpl ed valaioeeaf teampled Vehdéngopos tdedawiapreetee byaspied| aadhdga
position c? tec%yn means as a | eadi ng wave position, wherein the del ay
profile is Eﬂ%lé§%b?§ﬁﬁre in terns of paths generated by despreadi ng and
dividing, at a IreeeEing NpcHiddon a detarsAntt edeangnalfcgpr erd eesiing aa
spreadi ng code. 5. A leadin position_deteqtin% unit for detecting a

| eadi ng paxigitoen wia aldanp ndiiglae damgdiasqilig 2568t PARX 1B Mg uni t

char acter | &g by FOPLRBHA0' {rldBpRACE HBASUELRO HYPANRid OF ;1 HBAYMRY 1 M
spaces between sanpl ed values of a delay profile Sanpled along a
measuring means as a leading position; and
leading wave position detecting means for detecting an
initial peak position of the sampled wvalues after the
leading position detected by said leading position
detecting means as a leading wave position, wherein
the delay profile is a delay profile in terms of paths

generated by despreading and dividing, at a receiving side,

a transmitted signal spread using a spreading code.

5. A leading position detecting unit for detecting a
leading position in a delay profile, said leading position
detecting unit characterized by comprising:

time space measuring means for measuring time spaces
between sampled values of a delay profile sampled along a
delay time axis; and

leading position detecting means for detecting a
position of a sampled value immediately after a maximum
time space from among time spaces measured by said time

space measuring means as a leading pcsition.

6. A leading wave position detecting method for detecting
a leading wave position in a delay profile, said leading

wave position detecting method characterized by comprising:



delay tinme axis; and | eading position detecting neans for detecting . a
position of a sanpled value imrediately after a maxi num tine spac 1+ 3EB rA004
anong tinme spaces neasured by said tinme space neasuring nmeans as a | eading
position. 6. A |leading wave position detecting nethod for detecting a

| eadi ng wave position in a delay profile, said |leading wave position
detecting nethod characterized by conpgysing: 2 1 SEP 2004 17 a tine space
measuring step of neasuring tinme spaces between sanpl ed val ues of a del ay
profile sanpled along a delay ting axis; a maxi mumtinme sggge i denti fying

step of identifyiry'% SHAKE nIRAEPAENE pSEEPT Pdm REAGHF 1%het ¥PaciRAGesur ed

in said thdBeRACEaMPRTATuSS €8F 8 lRAdNG:RASIIE hndatrrtdshptep of
detecting a position of a sanpled value imrediately after the maxi num
ti me spaceddldenttiffice@Xigisai d nmaxi numtime space identifying step as a

| eadi ng positl %;ma% o egad a‘@%"%]%giikggﬂcdﬁggt B?g'aéﬁpif’fi tgcting
an initial peak position of the sanpled values after the  Teaflin position
det ect ed inm>cianuth |teiadd ngpgpeesi fram amteicect inng sphage asnea d@eed nign wawed

position. 7. The |eadi ng wave Eosipion detecting nethod as clainmed in
claim6, cHAFadReS 883 Pt BEFPEonprising: a noi se suppressing step of
suppressi ng noise 1@hdihg @gebayifhof détecties eistep of detecting a

position of a sampled value immediately after the maximum
time space identified in said maximum time space
identifying step as a leading position; and

a leading wave position detecting step of detecting an
initial peak position of the sampled values after the
leading position detected 1in said leading ©position

detecting step as a leading wave position.

7. The leading wave position detecting method as claimed
in c¢laim 6, characterized by further comprising:

a noise suppressing step of suppressing noise of the
delay profile, wherein

said time space measuring step measures the time
spaces between the sampled values of the delay profile with

its noise suppressed by said noise suppressing step.

8. The leading wave position detecting method as claimed
in claim 6, characterized in that the sampled values are

received power values.

9. A leading position detecting method for detecting a
leading position in a delay profile, said leading position
detecting method characterized by comprising:

a time space measuring step of measuring time spaces



said time space neasuring step neasures the tinme spaces between the
sanpl ed values of the delay profile with its noise suppressed by said

noi se suppressing step. 8. The |eading wave position detecting methdSERJI04
claimed in claim®6, characterized in that the sanpled values are received
power values. 9. A leading position detecting nmethod for detecting a

| eadi ng position in a delay profile, sa d |eading position detecting

met hod characterized by conprising: a tine space neasuring step of
measuring tinme spaces 21 SEP 2004 18 between sanpl ed val ues_of _a del ay
profile sdmfsiwaenal vHepPled derbyesi At axidelaghdPrrl PRl PYMPLRT t RANGefect i ng
step of dqﬁg&ﬁquﬁ% R9si.ti,gp of a sanpled value imediately after a

maxi num t1ne ‘space Fronfanong ti me spaces neasured by said tinme space
measuri ng step aas laaddadi ngopasibnondetecting step of detecting a

position of a sampled value immediately after a maximum
time space from among time spaces measured by said time

space measuring step as a leading position.



