| * DESCRIPTION Radio Receiving System and Synchroni zati on Detection
Method 5 Technical Field The present invention relates to a radi
“receiving systemand a synchronization detection nethod, ﬁ”ﬂ“”@WﬁMWMML
particularly, it relates to a radio receiving system and tion
detection nethod capable of 10 detecting a synchronous positionsg$*a signa
received froma nobile termnal unit through correlation synchroni zation
in a base station of a nobile conmunication system Background Techni que
15 In a nobile conmuni cation system such as a portable tewmmmmmMHMHMWMVfcn
exanpl e, Personal Handyphone System hereinafter abbrevi ati@
rapi dly devel oping in recent years, synchronization detectionsg@®eordi ng to
the so-called correl ati on synchronipe§C®IPT3OMeNeral ly known as a net hod
of finding out a synchronous position of a signal received froma 20 nobile
termnal unit (Personal Station: hereinafter abbreviated as PS) in a base
station (Cell StBadonRetmviig@ystem abdiSoyvichremizatiofI)eteChineMethodknown
synchronous position detection according to correlation synchronization is
now schematical |y described. Wen a CS generally receives a signal froma
PS in 6 me diechsicehFreldnul tipl exi ng, the CS cannot denpdul ate the received
-signal to data unless specifying a position where an information part of

t he signal start start  synbol inla PHS: h%'iei naf.t er abbrevi atfed as SS)
on an absol ute t il REESENT HLENHEnKelatesith;a Taflo FReRAVEVESY e@o?ﬂ)é)ﬁent. Thi s

“oper ati on obyagemniyitich deteetiohanéthudls ianidanoed phigculakly, tetdlates(topeci fyi ng

detect i on of ey Sy steprdnth sytenehinlal dudENEL hn Yod Bl dabAbleof'
synchrléni zadetectiesa syhetronohswosition aba pigratecsivdd fsors ecmobileet hod of
detecting tResyna Egﬁlf‘ ‘rq!é‘ﬁ%l?ggl:écfgk@%Bi\g}ql”syn%ﬁ?&ﬁi%ﬁ%h'iﬁrh Bhisd S@ltidnst &1 9nal

recei ved from_the 1 uc
mobile communication system.

Background Technique
15 In a mobile communication system such as a portable telephone set
(for example, Personal Handyphone System: hereinafter abbreviated as
PHS) rapidly developing in recent years, synchronization detection
according to the so-called correlation synchronization is generally known as
a method of finding out a synchronous position of a signal received from a
20 mobile terminal unit (Personal Station: hereinafter abbreviated as PS) in a
" base station (Cell Station: hereinafter abbreviated as CS).
Generally known synchronous position detection according to
correlation synchronization is now schematically described.
When a CS generally receives a signal from a PS in time division
25 multiplexing, the CS cannot demodulate the received signal to data unless
specifying a position where an information part of the signal starts (start
symbol in a PHS: hereinafter abbreviated as SS) on an absolute time axis
excluding an initial unnecessary component. This operation of specifying
the start position of the information (specifying the time position of the SS
30 in the PHS) is generally referred to as detection of a synchronous position.
The idea of correlation synchronization described below is widely
employed as such a method of detecting the synchronous position. In
consideration of that the signal received from the PS includes a known
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1 reference signal comon to all users, a known waveformof this reference
_signal is stored in a nenory according to this nethod. A conbination of a
‘preanble and a unique word is enployed as the reference signal in the PHS,
for exanple, and the preanble is formed by a bit string of repetition 5 of
"1001" while the unique word is formed by a prescribed bit string varying
Wi th transm ssion fromthe PS side and transm ssion fromthe CS side. The
wavef orm of the received signal of a constant length is sliced wth

di spl acenent, for calculating correlation between the sane and the
waveform of the reference signal stored in the nenory. Atinme position 10
where the cal cul ated correl ation val ue peaks is specified as the

SynC[lr onous r@%&éﬂ@ﬂgﬁﬂl@?rﬁﬁﬁﬁfﬁﬁa]@hsbﬁ ) Bﬂmn][wsﬁfbﬂﬁ dffthidw%fémmbr onous
osition is escri bed ,wi ref er enc ef or4m Q

II%ef erring t& g‘ﬁﬁds sE%ed B2 E’ﬁa%%ytarfé%}éd\‘}g%%ﬁf%?leﬁh% béPéﬁSﬁ&é %j gnal
stored in tipee&ﬁbimand;a mqueewdﬁl 1s@mplmredta’sethetmﬁet;en(cb)s1gnalﬁng:hell shows
the wavef or 'PH§ffotrQ§aﬁing'a£n g??&ﬂﬁié’)ﬁr BRI %"Bn? é’t?u?gg 1{) éﬂ@t&ﬂﬁ'x

When si gnal onent re slice e recei %
di spl a nento Q1 twhile tha gmiaue wordiis ferraed pyea P’éﬂﬁﬁ%‘lheé it flEIReVarEnge

- Si ]gnal (a) Qﬂdh}tm%sihhis@m ﬁ?ﬂﬁifi&PS@Fd@ﬁﬂﬁ&?&ﬂsmﬁstbﬂ ﬁ@nwehebssid@f t he 20
rererence Sigha e Cofre on val u e S r.ea

‘when conpl e?el y The WAY mi?aft'#’ﬁere\ﬁﬁ’\)'@g a]rﬁacﬂorbﬁq gﬂ’cﬁ%dﬁﬁ | I e t he

correl at i on witgh displavement,ffor balcubatirig comelitsombetwenrt theegarhe amfiethe
T o Syl bt chEkeRRGNE. BRI LELRA SO ME MREhLRR RIS ol Suoh @

correlation ue’o erenc signal (b).
25 | n khe ewdmeethsm@laulated‘@cgrelml,omv\du\aaxw%@rl&speaﬁhé asdbei ved si gnal

(b) on the tsP &S V\nththeflxed wavef orm of the reference
signal (a) I'n se t|o |f|ed broke?&gl nes O and 20 . Therefore, it
follows that thdhepioEess plothis speelisrtion ¢ SVBFREONGUS ROSHIOTLIS | e

position (s fawslnb@& \ndtlbi‘éﬂé@éhdel fdea a&)vefomh airaag&tann@f Fue h 1matRéfendngftot he
wavef or ns, | T‘i%%l (% rel ation va tﬁ f%}Egr{)roach zel P ﬁbtn ot her
time positidig: SDOWSE the WHEP R & eé‘ﬁ’é)@f H&ETeh ?‘FBE B¢ i on
on theld i ne memiosy bf/'tl@@@Sl m@mi;hqodaém]mamdl(lbgm IFegcbI skows the walefiermof t he
fixed wavef g, signal continuously received in the CS from the PS.

When signal components are sliced from the received signal (b) with

displacement by a time length equal to the time length of the reference
signal (a) and the sliced waveform is compared with the waveform of the

20 reference signal, the correlation value of these signals increases (1.0 when
completely matching) if the waveforms match with each other while the
correlation value lowers if the waveforms mismatch with each other.
Referring to Fig. 11, (c) shows a correlation function consisting of such a
correlation value of the reference signal (a) and the received signal (b).

25 In the example shown in Fig. 11, the waveform of the received signal
(b) on the time axis matches with the fixed waveform of the reference signal
(a) in sections specified by broken lines @ and @. Therefore, it follows
that the correlation value of the waveforms peaks on a time position (shown
by a broken line ®) implementing such matching of the waveforms, while

30 the correlation value lowers (approaches zero) in other time positions.

Thus, it is possible to specify the synchronous position on the time

axis by continuously calculating the correlation value of the fixed waveform
stored in the memory of the CS and the partial waveform of the received
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stored in the nenory of the CS and the partial waveformof the received 2
.signal and finding out the peak val ue thereof The above is the basic idea
of conventional correl ation synchronization. The aforenenti oned description
of correlation synchronization is premsed on that a signal froma single
PS is independently received in the 5 CS. However, the CS may receive
signals of the sane frequency fromtwo PSs in an overlapping manner. In
path division nultiple access (hereinafter abbreviated as PDMA) spatially
dividing a single time slot of the sane frequency and allocating channels
to a plurality of PSs, for exanple, tw signals of the sanme 10 frequency
may arrive at the CS in an overl appi ng nmanner. Regardl ess of such a PDVA

system furdifesl addEndEh BNt (186 pbik valud BéreofaVEhé absvaofHadiSidaannect ed
with a CS |Og anot her cel S..an unﬂecess§hé interference radio wave in a

state over |4SOPRERUPRA COTLGIGHAN SYNChYORIZAYUAR- f r equency from a desired PS.
15 In this case, Théefcrpmehtonedsdasotptionrnfabridlation gpathfominatite islesi r ed

PS cannot bhe s hfi {. e ' . et rrel-al
cynonr oni zatieaeeon % 408atlhr SR 1R i TAIBEn TP K FOiBLA 3 the .
state d hat €he HowgveonihesCHanay ireceive srgrags pbthpeamefrequensy from tve Fi g.
12, each ofpggin hA dvelldppine HAR{erShow ng change 20 (correlation function)
of the correlation val ye hetween.the fixed waveform a)  in Fi ) and
_recei ved wavef or]r%spfrl&l Ewasleagau £ ACEGRP 'eﬁ?ﬂéllaé‘teéfahh(ﬁé"‘)%%‘ﬁés ncy are
][ecei ved i nsgdiallsSdi 'vm((ijiax_rg @Sﬁél@lﬁiﬁﬁ?gldﬁ@ﬁmhé saiffecfrefiten i &kmlaﬁooﬁtinge sane
requency are received,in,an rleappi n ner .. t val ues may
appear on tqhéalwc?ﬁ“r‘ t‘f ﬁtlﬁl'(}'ﬁ"]&gl Qfgy§sz§°’g§x§lﬂ8ﬁqi‘vr? %g‘ﬁ‘_&'\ﬁfﬁ?@f’saﬁe di sabi e
i dent10i catfrequericyt inaysirgivel atrtheeCSed air overlapwingenansdr.PS. As shown at (b)
n Fig. 12, onl ypa Sidial:comenh & BORATRLARPARRhed ShURED lPrailihs onous
? eakK va y Im_pla

posi tions where ues nust ori gi na dppear, ce of the
two peak vatagie wae nather RS cannwictediwithya 1S in pnotharegellads 9ndi f f er ent

ihgvis ingna' RRNELesb AR MRaABr &idiSadié MRAVINACH QAL 6TeRaphin PRt alshenai dnal
the same frequency from a desired PS.

15 In this case, the synchronous position of the signal from the desired
PS cannot be specified by the aforementioned method of correlation
synchronization. Fig. 12 is a waveform diagram for illustrating such a
state that the synchronous position is hard to specify.

Referring to Fig. 12, each of (a) to (c) is a graph showing change

20 (correlation function) of the correlation value between the fixed waveform

' ((a) in Fig. 11) and received waveforms in the case where two signals of the
same frequency are received in the CS in an overlapping manner.

When two signals of the same frequency are received in an
overlapping manner, two peak values may appear on the correlation value

25 as shown in Fig. 12(a), to disable identification of the signal received from
the desired PS.

As shown at (b) in Fig. 12, only a single peak value may appear
between two synchronous positions where two peak values must originally
appear, in place of the two peak values. _

30 When the two received signals are remarkably different in signal
power from each other, the synchronous position of the signal having
weaker power may be overlooked as shown at (c) in Fig. 12.

As hereinabove described, the conventional method o_f correlation
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weaker power may be overl ooked as shown at (c) in Fig. 12. As herei nabove
_described, the conventional nethod of correlation 3 synchronization has
such a problemthat the synchronous position of the desired PS cannot be
specifired when the CS receives two signals of the sane frequency in an
over | appi ng manner. Accordingly, an object of the present invention is to
provide a radio 5 receiving systemand a synchroni zati on detection nethod
capabl e of detecting the synchronous position of a signal received froma
desired PS and correctly extracting the received signal by a nethod of
correlation synchronization even when a CS receives signals of the sane
frequency in an overlapping manner. 10 Di scl osure of the Invention The

present i nvepidiRenationdess sudlpdiprobReRithanthsyaichironeaepusitivnaof thiegnal

froma nobile.termnal uniit wt urality,of antennas, c ising first
interfer enc@esflé‘f“'é)?g’l capng be {E‘?adoﬁ ij;hf’edf%xy?%veasn&f'%?gn@gggggié 15 si gnal
conmponent f sametfhequercgiinexh sverdappinganaahat.i on synchroni zati on detection
nmeans detecting . atyl on._Synchr eni | ' 9 .
Subj act ed o T onBURr ARy BabbIEh The Bk ihudb bioh 5 B bEvRE A Adio
i nt er f 8r enceeceivingaystararand asynehuosazation éﬁ#@t@ﬁd@eﬁmgﬁéégs r enovi ng
-an interfer S I . : ' Y idebird@ Bhe
synchr onousﬁgggp?ﬁggﬁ%ds%ggﬁ%g& %ﬁ%ﬁ?g&g%ﬁ%ﬁ%ﬁ%gﬁéﬁ&det ection
means as a 8RaCorynsslyt§¥yhac 1 ent
invention, gyh@fioRizdteaebveyhensa O FeepiedisignalsDf ghalsafdeofrequenty ire
termnal unit w tp ail&gl urality of antennas conprises wei ght vector

cal cul ati on2RPIRY PPIRAMAAES ng a wei ght vector corresponding to a desired
nobi | d0term nal unit every franme of the received signal, storage neans

storing the | at ' . yector, first signal extraction neans
PRURLE el giek

applying th ) a precedent frame stored in the storage
nmeans to a frane T present inveationpepvidesya ZpAiPKecCeVING SYSHEHN EECLYRB 4 f r om

the desired omplteohe ﬁ‘ioBﬂ% tefninal3oni% SHitR A5 IueBlitH BE Ah 1, 6othplishilg Means
calculating & correl ation function of . . .
first interference removal means provisionally removing an interference

15 signal component from the received signal, correlation synchronization
detection means detecting correlation synchronization of the received signal
subjected to removal of the interference signal component by the first
interference removal means, and second interference removal means
removing an interference signal component from the received signal with

20 the synchronous position detected by the correlation synchronization
detection means as a start position.

According to another aspect of the present invention, a radio
receiving system receiving a signal from a mobile terminal unit with a
plurality of antennas comprises weight vector calculation means

25 calculating a weight vector corresponding to a desired mobile terminal unit
every frame of the received signal, storage means storing the calculated
weight vector, first signal extraction means applying the weight vector of a
precedent frame stored in the storage means to a frame of a newly received
signal and extracting a signal from the desired mobile terminal unit,

30 correlation function calculation means calculating a correlation function of
the extracted signal and a prescribed reference signal, synchronous position
detection means detecting a time position where the correlation function
peaks as a synchronous position, and second signal extraction means
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the extracted signal and a prescribed reference signal, synchronous
position detection neans detecting a tine position where the correlation
“function peaks as a synchronous position, and second signal extraction
means 4 apptying the weight vector of the frame of the newly received
signal calculated by the weight vector cal culation neans to the frane of
the newly received signal for extracting and outputting the signal from
the desired nobile termnal unit, while the weight vector cal cul ation
means cal cul ates 5 the weight vector of the frame of the newy received
signal with the detected synchronous position as a start position.

Accor di ng to stiII anot her aspect of the present invention, a radio

rlecei ?/i ?g ) SIHg Breweight @cﬁdxgdﬁhefﬁ@iﬂeac;frmbld?vly?remnaﬂ sigmdl with a
urality of .a ctor_cal cu n
(F:)al cul at Yngcagc@@wﬂgy\;gegrgqlgﬁby?éebg% ‘n/@m?‘bnhead}?sq gh&& ‘5&3@2@83“@1& uni t
f glefoy et d t$ s siy
cal cul at igerﬁwﬁ?%ﬁft O e e 7oL TGt Ur &
bﬂ? SRy ung\gﬁllg %BS n@eﬁggt %/8#&0&‘ @glc%lét)fgxﬁ MO LA tES

node or a sYN extraction neans
appl yi Bg sathe welgjﬁtveaﬁu'tofrtheffranpr@d’bd@lwlyrramvgd@*@tﬂll‘wthﬁhef| rst

-storage 15 ME& ésgrxﬁ:hfrgﬁﬁ‘i?%ﬁsﬁoﬂeﬂ gsfa%%logﬁgmsl gnal and extracting a

signal from sire term na on

th nchroni zati
capture node, cHeecxding tmstllaavother E%%Iogﬁh%ﬁr?ﬁEéII%%‘i‘Hﬁ?a‘[‘ '
“correl ati Onrédéﬂﬁhggsvs&fm réét‘i‘vﬁigg@aigrﬁltffcﬁﬁtaeﬁhobﬂettbﬁninalslnﬁ |vgmhla

extraction n rescri bed refenence,si nchroni zati on
capture mod@ §$‘1‘i¥ﬁ 8h %%qw%ﬁe%eh%} ECHY, &E%‘élﬁgl%&exﬁl§8§¥ a tine

pﬁSl t Ilonh\/\h@él@uldt&xg:@rwaght vedctof convespon dingatiosa desme&muih}eouwusnplﬁgmﬁ on in
t he synchroni zat on C , C t he

det ect ed syﬁ%?ﬁy i‘ ?Eﬁgg@ sl ag 89& &B%%%?lﬁggg:gg%ﬁngghggappl yi ng the
wei ght vect oalcuIatedewélghtme@tbr,tme eﬁewlyeamé@@tﬂéﬂ asY@EhroRIZAEIGNAAPEUER, t he
wei ght - vect gf, (al,Cilk ol A nTRATh #)fbtgétl&kﬂ%Jd@ﬁ@s@&gb@eﬂﬁ*&cﬁoh&ﬁ@&ﬂ@d

signal for ext ract| ng, and _out put nal om,t.h | mobi | e
terninal unBPPlyAng said weighdt eackemel: 4 BFleceﬁl@&ﬁ JR¢ & Wﬁllﬂé}’ﬁ%{s OT8E€not
the signal ?xi@arré%eedfﬂ@)/né bfa %@Gﬂﬁldecéivgdlaig@ltamdcéxt@mtmasslglmal fxomecel vi ng

A L7 B N e L L O et SRR R S Dl
correlation function calculation means calculating a correlation function of
the signal extracted by the first signal extraction means and a prescribed
reference signal in the synchronization capture mode, synchronous position
20 detection means detecting a time position where the correlation function
peaks as a synchronous position in the synchronization capture mode,
second storage means storing the detected synchronous position, second
signal extraction means applying the weight vector of the frame of the
newly received signal calculated by the weight vector calculation means to
25 the frame of the newly received signal for extracting and outputting the
signal from the desired mobile terminal unit, and error determination
means determining whether or not the signal extracted by the second
signal extraction means has a receiving error, while the weight vector
calculation means calculates the weight vector of the frame of the newly
30 received signal with the synchronous position detected by the synchronous
position detection means as a start position in the synchronization capture
mode or with the synchronous position stored in the second storage means
as a start position in the synchronization protection mode, and the mode set
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30 received signal with the synchronous position detected by the
.synchronous position detection neans as a start position in the
synchroni zation capture node or with the synchronous position stored in
the second storage neans as a start position in the synchronization
protection node, and the node set 5 neans sets the synchronization
protection node when the error determ nation neans determ nes that there
is no error in the synchronization capture node while naintaining the
synchroni zati on capture node when the error determ nation neans determ nes
that there is 5 an error in the synchronization capture node and sets the
synchroni zati on capture node when the error determ nation neans

cont i nuous|pieati€beisitheeynchadnization proteztioarmode whesxtleserrof a prescri bed

nunber of tines .in.the synchroni zati ectl i | e mai ntai ning
t he synchr‘iﬁ?&%ﬂ%ﬂp%%ﬁ%&‘%&%‘#}b‘g&g %éﬁhgﬁeq&plﬁ(gglé@gg& nunber of times is
10 not readyathionizhtonyaphureninodeivonile nuistaingng ﬁbqeypdpwmwt 0 a
further as pceag)&u% fx{o:ﬁ% whér ‘fﬂ% .e#fb‘i‘qgtbﬂﬁix?ﬁi&r?ﬁié%\nsr@&@i'ﬁ’xiﬁ& fhatithete is
receiving a signal froma nobile termnal unit wth a _plurality of
ant ennas comperrosdntbeginchenisation cantuie madeaadssets the synehropizatien ont
';/ﬁctor corr ﬁP@'hlflﬂe]E@h&tl(i!BtéieEﬁﬁ d&@fﬁlﬁlét;%rmﬂéﬂ: Iishuvn'ftirﬂdlinfsll/ﬁ[y fra_rreh?f

e received signal, fir storage neans storjn e.. cal culate
_vector, npdeeteEl ﬂ‘s”‘tstgﬂ‘? h?ga’é%éiWclﬁrWFﬁ%?{ ﬁrsacﬁ%‘%ﬁ“‘;num?%é Ogrtﬂgésg
synchr oni zain @ $rmhechizationom®tedtiorsmodiegnizile exaindaining theans applying a
wei ght vector of a. preced t ' Wy . ns in
the synchr oﬁ%&f?%%aélgﬁwg’géﬁ%@gg@rd ?t‘ﬂé&gmgillgﬁggg\%g{cﬂtegfﬁ%@%g Flgﬂg%n rame of
the néliy rectereacliediinrihe _s&achmrazaet!(_nbpm%@tlmilgh‘tle-vect or calculation
means in the Synﬁ%&gﬁ‘{d 27 A SEh b o TBdG reeh i rviendibh, A radifie new y

recei ved signal an acting a sjgnal, fromt desired nobile, term nal
uni t, corr e elang SR Spcavngid §¥§Qﬂi f%_ﬁr?sm@g_ﬁ@#gm?é ‘émgd\’ﬁ]élaat i on
function Ofpfdggh%gr ePahtantdPReibys Weitttivestorsddadationimeahson 25 neans

et ect | ng. CHIPREHIYE R OTRRANEN® CHoLRI URR D hORIFRS P b agl ik e
synchngnousepayifranie, ofvheardeivedrsigreal niasisstoragd mganketasng thed
synchr onous, 83'att£8%ei§ﬁ€ 98¢ o?,i ok sge(ﬁfe%ﬁtsis%&iﬂg %nsirxﬁ:mbﬂizﬁﬂoh%p‘ﬁﬁhg h_t
mode or a synchronization protection mode, first signal extraction means
applying a weight vector of a precedent frame stored in the first storage
means in the synchronization capture mode or the weight vector of the
20 frame of the newly received signal calculated by the weight vector
calculation means in the synchronization protection mode to the frame of
the newly received signal and extracting a signal from the desired mobile
terminal unit, correlation function calculation means calculating a
correlation function of the signal extracted by the first signal extraction
25 means and a prescribed reference signal, synchronous position detection
means detecting a time position where the correlation function peaks as a
synchronous position, second storage means storing the detected
synchronous position, second signal extraction means applying the weight
vector of the frame of the newly received signal calculated by the weight
30 vector calculation means to the frame of the newly received signal for
extracting and outputting the signal from the desired mobile terminal unit,
and error determination means determining whether or not the signal
extracted by the second signal extraction means has a receiving error, while
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vector of the frane of the newly received signal cal cul ated by the weight
.30 vector calculation neans to the frame of the newly received signal for
extracting and outputting the signal fromthe desired nobile termnal unit,
and error determ nation nmeans determ ni ng whet her or not the signal
extracted by the second signal extraction means has a receiving error,
while 6 the weight vector cal culation nmeans cal cul ates the wei ght vector of
the frane of the newy received signal with the synchronous position
detected by the synchronous position detection nmeans as a start position
in the synchronization capture node or with the synchronous position
stored in 5 the second storage neans as a start position in the

synchroni Zaﬁlieosﬁelgm%@ﬁ)tr'&kdlmi@n mesnd bAcHRAes fled W&Qlﬁ'ﬁvé?c%ﬁ of tife
synchroni zati on tectlon rmd e%‘ﬂllg ror determ nattl (g& ns
det er ni nes FAEE Q é‘e"?’]é’ rr‘?Se‘é(P @’fr?é’l’i‘rc FOBOnS Besitgpdetecthtqe
\é\hi I e mai ntlsy mmgyﬁdiﬂongus\pbslmmﬂ@éuﬁonona:méarmasm@eawmmm irther

eterm natign means 10 determ nes. that re.i
synchroni za?y%ﬁeglé]ﬁfad}o@ Cr%)g Ty ee Oé‘t‘gltpqgl ssyﬁl?ﬁf Oﬁ{zsaé) 681#1811 Sp&erd ¢ node
when the erﬁmrsastendrsmlmgelmaamasna stavipésitiondh thdeyechiondgatipmt there is

-an error | | chroni zati on
protecti on ﬂﬁ&&?\,\ﬁl PIOd%mB%ta Z‘F‘%."Eg&et sgf%?:%%%ﬁ zat |ﬂgﬂr%1?%€ 2%’? @fﬂn ztgde when

“the prescr i pdectigigiodsrwhendhe eerqr Q’fB’EmPé%Fé%quaﬂlst eI t®n
protection jxosifer@dnin the syachdnisften Eaﬁﬁlr%}iﬁb@émﬂﬁld helineanig tes neans

th h It t d t.h h
et bet i on rAHEAREATOR neiFE MosRoREehIEe EFtat BT AicR AR bnd st or age
means10n t héeteynnhemhaztaihem ipantercd lmt}rmﬂmcﬂlmomzpfﬂmtn captube nmdecindnous
position gﬁgttﬁé%g otrﬁfaﬁ&? Qéﬁtﬁte%g@@wﬁﬁgln@me"‘éﬁﬂr %ar‘iidl a8l g‘ﬁ%aHEt ween

the synchrdndus  pos ons exce Fescr ccor ng fo a
further as pemtlmnouahé deteryeimes |th@bbh¢lt§!ris an eWPnim msmszsat fiaopresetibetli on

Tethod I el FSRRLY LD IhSURLGToReARIOH PibiEcrisd AL WHaRuaiAblBg

t er m nal un|t wth ur a rlses 25 ste

provi si onal the $Mpngaéwm Prodegtaepadesy %[t BEp¥FEad py e}‘ﬁ)ém?%%m ved
si gnalp det frscﬁétﬁgaaﬁﬁéd elh Fhé SPn YR i1 Brbtedtieh xﬁdswe reecketheerhdibgnal

subj ected t 1Qecre1e\;1rg\éasys€em tfuxethleg tchgpel'{s%gcrrelegﬁsgcomp armg % %nstYncﬁancguesmv' ng an
position detected by the synchronous position detection means with the
synchronous position stored in the second storage means in the
synchronization protection mode for updating the synchronous position
20 stored in the second storage means when the difference between the
synchronous positions exceeds a prescribed magnitude.

According to a further aspect of the present invention, a
synchronization detection method in a radio receiving system receiving a
signal from a mobile terminal unit with a plurality of antennas comprises

25 steps of provisionally removing an interference signal component from the
received signal, detecting correlation synchronization of the received signal
subjected to removal of the intexference signal component, and removing an
interference signal component from the received signal with the
synchronous position detected by the correlation synchronization detection

30 as a start position,

According to a further aspect of the present invention, a
synchronization detection method in a radio receiving system receiving a
signal from a mobile terminal unit with a plurality of antennas comprises
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i nterference signal conponent fromthe received signal with the synchronous
position detected by the correlation synchronization detection 30 as a
"start position. According to a further aspect of the present invention, a
synchroni zati on detection nethod in a radio receiving systemreceiving a
signal froma nobile termnal unit wwth a plurality of antennas conprises 7
steps of calculating a weight vector corresponding to a desired nobile
termnal unit every franme of the received signal, storing the calcul ated
wei ght vector, applying the stored weight vector of a precedent frane to a
frame of the newly received signal and extracting a signal fromthe desired
5 nobile termnal unit, calculating a correlation function of the extracted

signal and &eps ep emw%ﬁ%wﬁ@m vBLDR RbyredBbitdie o). £ dbsiFRd BsHile on wher e
the correlation tfunction peaks %% a synchronous posLtlo%é%Td aE&iyl ng the
cal cul at ed temgnal yateveryirame of thereemved signaly sforiagd eylg to the
frame of thgelp@itvectBCapyBAngitHBEatoredrwaisht detiod®f ansrcevddnt frang: the si gnal
10 fromthe deswgrs&em)bl e term.nal unit &ﬁll t he st ep.of ﬁ Ialélatang t he
vei ght vect BAMEokthemewly racelyedpenal and extnag B aEna grom e et of | e
new y 5eceimebileitgrainali umit} cedculetery 2 domehathom Amictigoef theoextxactedst ar t
-posi tion. ' t . : At ' 15
synchroni zﬁ%ﬁg?g{e}g eécﬁ%ﬁ?#%p Ef)eg@'lﬁgeegltgp%i %&g%@égéﬁ%eﬁ\éﬁﬁ S‘Fe}éegi@ ving a
_signal fronthe erypelasiondumictign nedks as a Aynchsionous ipogitym, AndkapRLYIRS e | ses
steps of calguhBlibd%dgheledtbr VLM Ofrantd 6LEROAEHTOrdRivedidshabeh i |
termnal unjt eve frania of the recejyed signal, séorl ng,,t he cal cul ated
wei ght vect ,a,m%@{ﬁ}%e\g Ys’;’ﬁ?@ﬁf"@rﬁ%ﬁ@iéﬁ%‘é’fﬁ%@% Quiputiing the signal o1 on
20 pr Q]pect i ﬁ@fn{rﬂd@h des?l\iliw@(i mdlﬁle_tttwgﬁh_areﬁitw}gltithee@tfeprof@hl@lminglaﬂent frﬁrre
to a frame_of ,the ne recei ved, si.gnal ,and extractin S m t he
desired nob?"’leég}}te‘fe?‘ht‘?'ra?g’if?ﬁtfls Fﬂfcf"‘ﬂm%n&ﬂ e %ﬁ Yﬁ?tt?:ragﬁ ﬁ}eefr%@(a]ee?ffﬂh%

cal cul at i ngnawtyprecivdad signhlimdth te détecterd sxichaoneds posgitwin asd séiaydr escri bed
reference ségém-ltoﬁi n the synchronization capture node, detecting a time 25

positi on where e correlation function peaks as a,synchronous position in
t he synchroni zat Aserrdang te e fusther agpeet %thweéevb&wts%m onous

15 synchronization detection method in a radio receiving system receiving a
signal from a mobile terminal unit with a plurality of antennas comprises
steps of calculating a weight vector corresponding to a desired mobile
terminal unit every frame of the received signal, storing the calculated
weight vector, setting a synchronization capture mode or a synchronization '

20 protection mode, applying the stored weight vector of a precedent frame to
a frame of the newly received signal and extracting a signal from the
desired mobile terminal unit in the synchronization capture mode,
calculating a correlation function of the extracted signal and a prescribed
reference signal in the synchronization capture mode, detecting a time

25 position where the correlation function peaks as a synchronous position in
the synchronization capture mode, storing the detected synchronous
position, applying the calculated weight vector of the frame of the newly
received signal to the frame of the newly received signal for extracting and
outputting the signal from the desired mobile terminal unit, and

30 determining whether or not the extracted signal has a receiving error,
while the step of calculating the weight vector performs calculation of the
weight vector of the frame of the newly received signal with the detected
synchronous position as a start position in the synchronization capture
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position, applying the cal cul ated wei ght vector of the frame of the newy
received signal to the frame of the newy received signal for extracting
“and outputting the signal fromthe desired nobile ternmnal unit, and 30
deterni ni ng’ whet her or not the extracted signal has a receiving error,
while the step of calculating the weight vector perforns cal culation of the
wei ght vector of the frane of the newly received signal with the detected
synchronous position as a start position in the synchronization capture 8
node or with the stored synchronous position as a start position in the
synchroni zati on protection node, and the step of setting the node sets the
synchroni zati on protection node when it is determned that there is no

error int h?;o‘él)éﬂﬁhﬁ%mith@tsjt@féd\i%ﬂic%&@n@@ﬁo?iﬁbhﬁaﬁbﬁqﬁimfﬁmﬂ in the 5
syncnronl zatl oOR ca e noge en | IS ermn a er 1S,apR error
I he sy oM BRSOt ide, A 1B St AT Solttie B et ur o
nmode when i synchroaiativmopisdtyctiei argdeneten libis détermined éhhatethere is moexcess of
a prescribe | Wt ' i Qn.. ect | de while
ot nt ai i ng PR 10yheyabheizaiod Sy R bOR AR AbitAhAR LEITCT 1T
nunber 50f t symchriogizasion eapdhee mode whenyhthdetermaned that thevetis om ensge.
~According tg, ﬂ%%k'fﬁélﬁfon?z?‘lﬁﬁ{ c@itn&@?né}{eeéﬁ&%etsnﬁfe!@ xﬁﬂrgﬁizaﬁbﬂq]%)]?{rﬁ'@at on

detection net na radi o recelLving systemreceilVing Sl gha om a
“nobi | e t er nitgle Wher itis gondingronsky ﬁﬁgerannaﬂttbﬁhabewn erer 13%5%850920
cal ;:ul ating fa%)r\é@éﬁﬂ?&% Haatbdr qf%g%mmld% Bﬁm%l&o@ii&fdﬁ pﬂot@@ﬁi?h ?1&& wﬂm'h tnal
unit every frane .of recei ved signal,, storin calcul ate ig
Vector . st Fiaigtainiyh it STRCMTRHALL pEAteC b gle WheB berhaaroabed
pr ot edli on moasheragftimiesis hberedoheddnwhiegynchemtiaatioh protectiondmotdef r ane in
t he synchroni zati ol . L C el gk t f th

y 'z W:A&Q?rcfﬁlﬁé%gf@ﬁ?er spﬁgfﬂféﬁlseal ﬁ%%%ﬁ% %xﬁ%n vgetor o €

frame of the ne ‘Tecerved signal 1n nchroni zat'ion ’protecti on node
20 to the fsynchuwonhizatéiomdetegtiongaethnd i gmaflioaregeding sEstenyrecedyViggad from

the desir egieggm !ff&ntﬁ%hﬂa'teﬂﬁmal_ Bt Gt Rl PGraliGPbf Sheddld dowgsiisan of
the extract s%%g?l aq a preigrlbed r%feren%§35|gn3#%_d tecéhng atinme
position whtahs affaledatiBea WEHERL RSO GPrERpORdIaE 50 3 Hegn‘ﬂﬁ Bosi ti on,
storing t he telgirtadt syaghiranrust thesiccbived sigaly stiging ¢he shleulstedd wei ght
T Ot el DR YT shiihl% SthtobBatoN hoth Rl Rlode ' d Sy AR Altidd"®
protection mode, applying the stored weight vector of a precedent frame in
the synchronization capture mode or the calculated weight vector of the
frame of the newly received signal in the synchronization protection mode
20 to the frame of the newly received signal and extracting a signal from the
desired mobile terminal unit, calculating a correlation function of the
extracted signal and a prescribed reference signal, detecting a time position
where the correlation function peaks as a synchronous position, storing the
detected synchronous position, applying the calculated weight vector of the
25 frame of the newly received signal to the frame of the newly received signal
for extracting and outputting the signal from the desired mobile terminal
unit, and determining whether or not the extracted signal has a receiving
error, while the step of calculating the weight vector performs calculation of
the weight vector of the frame of the newly received signal with the
30 detected synchronous position as a start position in the synchronization
capture mode or with the stored synchronous position as a start position in
the synchronization protection mode, and the step of setting the mode sets
the synchronization protection mode when it is determined that there is no
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for extracting and outputting the signal fromthe desired nobile term nal
_unit, and determning whether or not the extracted signal has a receiving
error, while the step of calculating the weight vector perfornms cal cul ation
of the weight vector of the frane of the newy received signal with the 30
detected synchronous position as a start position in the synchronization
capture node or with the stored synchronous position as a start position in
t he synchroni zati on protection node, and the step of setting the node sets
t he synchroni zati on protection node when it is determ ned that there is no
9 error in the synchronization capture node while maintaining the
synchroni zati on capture node when it is determned that there is an error

in the syncdireniZ fiid SyndavhidRioiektans nidleswhile myiighiinigzhkl on capture
node when it is conti.nuously determ ned.t.haﬁie t here r]c error in _excess of
5 a prescriB®§ ﬁ%@imecaPit%&mioﬁet%e%W 5?1‘5’9’&"(’%‘#0@3& BELRLS B SKEHe whil e
mai nt ai ni ngntthe syrhbowizatiahicaptpreomedeiaml said¢helsgnchiomipater capitte nunber
of times i ed j.n.t . r ofl [ t '

aynchr oni 0P8 SR I SO BYRRRIp AR BIAY REL 30 ooy A GciE ol |
det ect®d symphessnibed ipowber ofitiniashin: the synshaenigationmetestigroriodesrhiley 10

“the synchr %%R@xl% sgﬁ{é:zﬂgni%ﬁ%nfﬁfoté&ﬂﬁ% x‘#&ﬁe tiers tRE ?i'es%mféﬁr onous

posi ti on whe ) [ et ween 't he synchronous positions exceeds a
_prescri bed Wagher oftimes isareaghed i phe syndironkEatinhprotgstion nmtge_, apd they

bl ock di agr@mchebirationcd dtéctitio W dtHod Farihak @omipTises!d stepwfeoaipaingcei ver
of a CS accw tq the gresent |.Fvent.l ﬁg Fl(%ﬁ 2 is,a functiopal .bl ock

di agram f ort eiedmehronons posipiag With shestoted syRchreREISROJHIPAR to a
f ihr st 1@ nbodﬂhﬁ}inch&ohizeﬁimhq&@maidnmdb ifomupdatikeghe3toredasydohrononas t

show ng processin | | I onal
bl ock di agréﬁ§§ﬂgﬁﬁé$%§g§§e§§g§§#*% é&@sgﬁ%&r@%}lg%gsf;f%%n;s%c%g@%%agr am
for conceptprescxibed magnidudeg transiti on of a node according to the present

invention. Fig. 5 is a functional block diagramfor functionally

illustratin 5 processi of _a DSP according to a second enbodi nent of
t he presentﬁriE% De%cription or}%he Drawings J

15 Fig. 1is a block diagram schematically showing the hardware
~ structure of a receiver of a CS according to the present invention.

Fig. 2 is a functional block diagram for functionally illustrating
processing of a DSP according to a first embodiment of the present
invention.

20 Fig. 3 is a flow chart showing processing of the DSP executing the
operations of the functional block diagram shown in Fig. 2 by software.

Fig. 4 is a schematic diagram for conceptually illustrating transition
of a mode according to the present invention.

Fig. 5 is a functional block diagram for functionally illustrating

25 processing of a DSP according to a second embodiment of the present
invention.

Fig. 6 is a flow chart showing the first half of processing of the DSP
executing the operations of the functional block diagram shown in Fig. 5 by
software.

30 Fig. 7 is a flow chart showing the rear half of the processing of the
DSP executing the operations of the functional block diagram shown in Fig.
5 by software. .
Fig. 8 is a functional block diagram for functionally illustrating
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i nvention. Fig. 6 is a flow chart showing the first half of processing of
the DSP executing the operations of the functional block diagram shown in
"Fig. 5 by software. 30 Fig. 7 is a flow chart showing the rear half of the
processing of the DSP executing the operations of the functional block

di agram shown in Fig. 5 by software. Fig. 8 is a functional block diagram
for functionally illustrating -10. processing of a DSP according to a third
enbodi ment of the present invention. Fig. 9 is a flow chart show ng the
first half of processing of the DSP executing the operations of the
functional block diagramshown in Fig. 8 by 5 software. Fig. 10 is a flow
chart showing the rear half of the processing of the DSP executing the

operati ons gfodelSinfglofd DOFahcdol ditlg b @ kit entloodiniehtfofGhe pFedontsof t war e.
Fig. 11 is a waveformdiagramfor illustrating the process of 10 detection
of a synchrUh‘Eﬁi’gmﬁ’OSition by a conventional nethod of correlation ‘
synchroni zat i on. Fig. is12 fiosv ehavd\showing dhe firatrhafefiprgcessorg of theDSthat i t
is difficul : ' r ! 1y ti

synchr oni zart SR SR AR b AR TuRORbA RSk Ridcknt SRR PR Bb%e
Modes Por Cgeftyiasg Cut the Invention The present invention suppresses an

‘ It Rtesregsr :Q?e wav @& OfPRE Mow M drt shBwifgRhé YearhABbf tHe Hro€aRineof te 2 CS

correl at | onTSh ek ting Par apeitionapitbe JupEhanaloc dpgians shoud it .

menory. Fi g8 by scftwakd.ock di agram schematically show ng the hardware

structune of Dhe gce| Yot el FubaR e ARl AR T on

suppl i18d t o debectioncefi a/ synchrohouk posisionshppeongantionahmethod af canvelatiaguency
synchronization.

Fig. 12 is a waveform diagram showing such states that it is difficult
to specify synchronous positions in the conventional synchronization
detection method by correlation synchronization.

15
Best Modes for Carrying Out the Invention

The present invention suppresses an interference wave component
with an adaptive array in a receiver of a CS thereby extracting a signal
received from a desired PS and obtaining a correlation value with reference

20 to a reference signal stored in a memory.

Fig. 11is a block diagram schematically showing the hardware
structure of the receiver of the CS according to the present invention.

Referring to Fig. 1, signals received at n antennas ANT}, -, ANT: are
supplied to the receiver 1 of the CS, subjected to amplification, frequency

25 conversion and cutting of unnecessary frequency components in
corresponding RF circuits RFy, -, RFn, and thereafter converted to digital
signals in corresponding A/D converters ADy, -, ADn.

Outputs of the A/D converters AD1, -+, AD, are supplied to a digital
signal processor (hereinafter abbreviated as DSP) 2, which implements

30 each of first to third embodiments described later. The DSP 2 finally
outputs a signal from a desired PS in such a state that synchronization is
established and an interference wave component is removed.

A memory 3 is connected to the DSP 2, to hold various data
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25 conversion and cutting of unnecessary frequency conponents in

_corresponding RF circuits RFC, , RF., and thereafter converted to digital
signals in corresponding A/D converters ADS, , AD.. Qutputs of the A/ID
converters ADS, , ADn are supplied to a digital signal processor

(hereinafter abbreviated as DSP) 2, which inplenents 30 each of first to
third enbodi nents described later. The DSP 2 finally outputs a signal from
a desired PS in such a state that synchronization is established and an

i nterference wave conmponent is renoved. A nenory 3 is connected to the DSP
2, to hold various data - 11 necessary for processing of the DSP 2 in each
enbodi nent described later. The output signal fromthe DSP 2 is supplied

tT ﬁeapegxt e { fAatesdayy g@c @@céébix]?glbﬁtlﬁe P2 linfeaeh énilbodiaeaitvddsciibedl later. CS.

nar dvar 6t r uct i BSPLF Sisng Pre ARSI 23 BRAER BT ek iRl abye o3
ggscri be](ctl i a]IcldRItﬁ:ut sigrﬁlrf_mmlihbat’ddzqment 1 ofite CB.i s af f unct iaonal bl ock

Fi rat -anbodi ot 6 pptesive dRbbdinitt, FHAE pesdR Byl e B s
the DSB 2 abazdwen®stractwre Garticularbuthe DSEL2) shavenandygs bare mowst r at i ng
-the princi pues@ibPaL gabigns i nplenmented by the DSP 2, which executes

processi ng along_a. flow chart hown in Fig. 3 in a software manner in
_practice. The oplﬁ’é’?? g‘u’i‘“ﬂﬂ‘ﬁﬁ’@r“ﬁfe of the first enbodi nent of the present
tlﬁ l E/Ent ion is cﬁegﬁz jié)@tfumcﬁd;]naldcflmem«rF‘ am forfundtiolalliytilustiaging s from

e converters shown,.in Fi r e.SUppl i to first inputs
of il (1 pi | EFecegRe of 4 pER 2 AePHARE 18 tinst enigRBHA of Hic pies Bra
ext radli on meeerstian. i Thisrbleck diagrasmevpiessentiyd D& 2\esl 4 cerbimatiany ef i nput s
of multipli : : ' : td :
respectivel ge‘ﬁl{%cﬁ“ %@?&(ﬁtgggq %sg%%t?ﬁ%@g? é%@g@gid\fb?e?ﬁtgég? gnals from
the AD commplementedsy the NS 2awhichpxequdespree opga Bewieharkof . The

basic i deasRbwaAnCHA idNa Séftiaee WRAHYr inGSHiaREickS now descri bed.
The operation principle of the first embodiment of the present
15 invention is described with reference to Fig. 2.
| Digital signals from the A/D converters AD1, -+, AD» shown in Fig. 1
are supplied to first inputs of multipliers MPAx, ., MPA. forming a first
adaptive array (signal extraction means or interference removal means) as
well as to first inputs of multipliers MPBy, -, MPB. forming a second
20 adaptive array respectively. |
‘ A weight vector calculator 4 also receives the signals from the A/D
converters AD), -, ADy, and calculates a weight vector thereof. The basic
idea of calculation of the weight vector is now described.
Assuming that A(t) and B(t) represent signals from users A and B
25 respectively, a signal x1(t) received at the first antenna ANT: shown in Fig.
1 is expressed as follows:
x1(t) = al x A(t) + bl x B(t)
where al and bl represent coefficients changing in real time.
A signal x2(t) received at the second antenna ANT: is expressed as
30 follows:
x2(t) = a2 x A(t) + b2 x B(t)
where a2 and b2 also represent coefficients changing in real time.
Similarly, a signal xn(t) received at the n-th antenna ANTh 1s
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Assum ng that A(t) and B(t) represent signals fromusers A and B 25
respectively, a signal x1(t) received at the first antenna ANTS shown in
"Fig. 1 is expressed as follows: x 1(t) = al x A(t) + b | x B(t) where al
and bl represent coefficients changing in real tine. A signal x2(t)
received at the second antenna ANT2 is expressed as 30 follows: x2(t) = a2
x A(t) + b2 x B(t) where a2 and b2 also represent coefficients changing in
real tinme. Simlarly, a signal xn(t) received at the n-th antenna ANT" is
-12 expressed as follows: xn(t) = an x a(t) + bn x B(t) where an and bn

al so represent coefficients changing in real tinme. The above coefficients
al, a2, , an express that the antennas ANTS, 5 ANT2, , ANT" differ from
each other {mbessl ggftglos\,@vgength W th respect to the signal radio wave
fromthe user A a d _the c é b2, , bn express that the

ant ennas ANTS, aIN‘\I'P £ om each other in receivi ng strength
W th respecihege hhéarﬁi bnalso mijresemﬁtvcmefﬁiclentshdlamgmg&l reEhtimeuser is

movi ng, and henc@h%'&ﬁﬁy%% gfffifc%e(hit?r&tl gQanggn ?&Piéz‘?slt dtThe atled&s

x1(t), x2(t) cerve the resp vVé antennas  are sup |ed to

the fibst iAPUis oANTFedifarfrom each CN?hBlln mwnmenz@mﬂ)grqsnecfs@cond
-adaptive arfigysi aﬂrédlw mfr\bﬁﬁ}%u%mw@nd\me coOffRiitsa, O, webahts for

th | t t ed h ht
R P C AN IR S N T M T M e
ththl ﬂ{] : telr ;lg(:EMh %gfél hh?lm;&ggpwgltg?hy@&nﬂ%m frawie fﬁox?adh/é(usiefia Ibl B(t)),
0 uts an Iplrer
t éeévusﬁrsa g, AHBER 088@2"1“&5%@ "'ﬁﬁ tputs of
t hese 1(3|’lFJ>B|ptJ NPBZThe%s&@BaWE lsl}xlﬂ) kZ)(?t))ut purt(t) mecénded(at)the ﬁesﬂzatttl\)e) ante(;;il(a;gA?t;) +
b2B(t)) + gfé’vﬁéﬁm&éoghgﬁ%tt%utg Bt She Pt blikSs Mmﬁqqpmto MPBE el ated

to the sign
forming the second adaptive array, and a weight vector w1, wz, -, Wn

consisting of weights for the signals received at the respective antennas
calculated by the weight vector calculator 4 in real time is applied to second

15 inputs of these multipliers.

Therefore, the multiplier MPB; outputs w1 x (alA(t) + b1B(t)), the
multiplier MPB: outputs wz x (a2A(t) + b2B(t)), and the multiplier MPB-x
outputs wn x (anA(t) + bnB(t)).

An adder ADDB adds up the outputs of these MPB,, MPB, --, MPBn,

20 to output:

wi(alA(t) + b1B(t)) + w2(a2A(t) + b2B(®)) + - + wa(anA(t) + bnB(t))

This output is divided into terms related to the signal A(t) and terms
related to the signal B(t) as follows:

(wial + wea2 + - +wnan)A(t) + (wib1 + wzb2 + - +wabn)B(t)

25 The weight vector calculator 4 calculates the above weights w1, we, -,
Wa to be capable of identifying the users A and B and extracting only the
signal from the PS of the desired user. For example, the weight vector
calculator 4 regards the coefficients al, a2, -+, an and b1, b2, -, bn as
constants and calculates the weights w1, Wz, -, Wa so that the coefficients of

30 ~ the signal A(t) are 1 as a whole and the coefficients of the signal B(t) are 0
as a whole, in order to extract only the signal A(t) from the PS of the

desired user A.
Setting the weights w1, w, -, Wn in this manner, the adder ADDB
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related to the signal B(t) as follows: (weal + w2a2 + ... +w . an)A(t) +

(wi bl + w2b2 + +w. bn)B(t) 25 The wei ght vector calculator 4 calculates the
"above weights wi, W2, , wn to be capable of identifying the users A and B
and extracting only the signal fromthe PS of the desired user. For

exanpl e, the weight vector calculator 4 regards the coefficients al, a2, ,
an and bl, b2, , bn as constants and cal cul ates the weights W, W, , w
so that the coefficients of 30 the signal A(t) are 1 as a whole and the
coefficients of the signal B(t) are O as a whole, in order to extract only
the signal A(t) fromthe PS of the desired user A Setting the weights w,
W, , w in this nmanner, the adder ADDB -13 outputs the foll ow ng output
signal : Qut putp&sgﬂfdfoﬂoiriﬁgéﬁtﬁutlm@nal B(t) A(t) This output signal is

fed back to the W t%) tséect L >§§@I_@§ogﬁgq) Rg? updating the weight vector
ef'e e 0

values with refere red in a nenory 3. The
wei ght vect or V\LThM output sgnat ist fed Hackmetdnfeweghrte@etormﬂmlgtm'léls fonew y

cal cul at ed fd manner

I S expresse as W*@&Qﬁ%@ﬁqr%%&%ﬁfe&%&% %g%egé%é yggal cul at ed
by the Swei giftoxedane memery dtor 4 10 is supplied to the multiplies MPBi,
-MPB2, ..., MPBn afhd W@lg&ﬁ%@ﬁblﬂdfﬂﬂw V.E w261 the ﬁ&nﬁeﬁtﬂlﬂeﬁ%deﬂbd‘é@gndﬁd

e e o SE b eSS e dhp P BLEOEELY (o
be di sti nguimsaenlerf rso&nprhssealfwwmm werewd - uwtnewcal cul at ed wei ght vect or 15
the fipst i nputs e VRt eRRaLReitiaged by the weighfVitoP oty 4.1 0
adapt iMe ar iagupplipédoithe lrlyl.}ltJ@MStMBBmeMﬁBz ve BB wf thosevmsl aptivemoLD
et CERTEPR Y S5t Ao SO O a1 THNERDsoP - 0
apply the waVighez vaatefbregerient fypmestored in aWCEBWYt%EB PITEEINRS f r ane
stored in tReoisMPsyp3 -, waoLp, to be distinguished from the aforementioned just
calculated weight vector.
15 The signals received at the antennas ANT, ANT;, -, ANT, are input
to the first inputs of the multiplies MPA:, MPA;, .-, MPA: forming the first
adaptive array respectively, and the weight vector wioLp, weoLp, -, WnoLD of
the precedent frame stored in the memory 3 is input to second inputs of
these multipliers.
20 It is the basic principle of the present invention to apply the weight
" vector wioLD, WzoLD, -, WnoLp of the precedent frame stored in the memory 3
to a frame of newly received signals in the first adaptive array when two
signal radio waves of the same frequency arrive at the CS in an
overlapping manner, thereby removing the component of the undesired
25 signal radio wave for the time being for extracting the signal received from
the desired PS (synchronization preprocessing) and detecting the
synchronous position with the idea of correlation synchronization on the
extracted signal.
This principle is based on such prediction that the directions of
30 arrival of the signal radio waves from the PSs of the users may not
abruptly change in a single frame period of 5 milliseconds, noting that the
undesired signal component (interference wave component) can be
sufficiently removed also when applying the weight vector of the precedent
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toa frane of newWwy received signals in the first adaptive array when two
~signal radio waves of the sane frequency arrive at the CS in an
over |l appi ng manner, thereby renoving the conponent of the undesired 25
signal 'radio wave for the tinme being for extracting the signal received
from the desired PS (synchronization preprocessing) and detecting the
synchronous position with the idea of correlation synchronization on the
extracted signal. This principle is based on such prediction that the
directions of 30 arrival of the signal radio waves fromthe PSs of the
users may not abruptly change in a single frame period of 5 mlliseconds,
noting that the wundesired signal conponent (interference wave conponent)
can be suffragietd the newbyvagdetedasiphals. appl yi ng the wei ght vector of the

precedent -14 fr to t n received sikgnal . .Thu an . A
Pornming t he 11 sEhig.it radeRAIHASGRRE M E LM dngll Sl iiplioetR

corr el at i onsignat By () faatirvel asion] sysrchdonizationmudjededth@emonakbof Breence
conmponent f o . | ; to a
correl ator gﬂ%g&ééger%roe %%I%'?ltg? %gnfﬂggﬁst ggﬁé%gﬁ(@gﬁlﬁgﬁg{*gﬁaédﬁ%ﬁﬁ@% t he
si gnal 5sy(t yamgdpjactoreelatey 3.enoval of the interference wave and the

- (r]I efere Bcg sibgnal Thté %mfez@df o? 5%41&%1%@ wﬁalrréna@{jo@xdfdﬂtltmeof{ﬁﬁmgha %ﬁ(tt)_

escri bed abave wi reference to : ,_and s | e correlation
function tos‘gblﬁ%f&@ (@HemY 0?%9 B‘?te#?ge’b%eawaéfétaé’éf @fe %eeisﬂ%ﬂné’&s%g'%a]ti e

pos ikt ion \Ahq)&eatﬁﬂﬂe aonnefut worrd) sftommdtimouhecambnwrlytaeab desdritedcabovel withr 5
peaks as a synchronous. pesitieon . Sypc and s | gs Lhis. s

position i nf%?}:ﬁd}qe(r)}ﬁtﬁlg' ?iea ﬁggi{ﬂ%@%?orrgﬁ%@qﬂ g‘{’b"rtﬂﬂl. tﬁ%@%&%?ﬁg@ﬁ%ﬁ\%ct or
cal cull@t or 8. regards the synchronous 15 position Sync detected by the peak
detector 6 as a I 0%t (P B3R 32 ' si gnal
and starts cal cy??il'? ié\ega&tﬁéet%stg?%@%%t%ﬁl% Rlégvbﬁ h&%ﬁ&éé‘ﬁgﬂé\%&nghe
second adapfunction ealpulaiad i the earnelatond Rpaks s synghngnous DASNESR SYnoy NEW
cal cul ated LRAlUpPLIFBRARY sychiRoh&es poaAtRndhfdmeation b YR wilght G6tabr so t hat

the signal Xéltczllatglg T ! bﬁle v%g{gﬁ%egi%rccaﬁcquto%xt{ ;:ggcz}r%osl thg s?rlng Igornous
15 position Sync detected by the peak detector 6 as a start position (SS) of the
frame of the received signal and starts célculating the weight vector winew, -
W2NEW, **, WnNEW.
The second adaptive array synthesizes the weight vector winew,
WaNEW, -, WaNEw calculated in this manner with the frame of the received
20 signal, so that the signal y(t) from the desired PS can be extracted in higher
precision., _
Fig. 3 is a flow chart showing processing of the DSP 2 executing the
operations of the functional block diagram shown in Fig. 2 by software.
At a step S1, the multiplies MPA1, MPAg, ---, MPA, of the
25 aforementioned first adaptive array multiply the received signals x1(t),
x2(t), -, xn(t) by the weight vector wioLp, w2oLD, -, WnoLp calculated in the
precedent frame and stored in the memory 3, so that the adder ADDA
synthesizes the total sum as the correlation synchronization signal Sy(t) (in
the equation of the step S1, symbol * represents a conjugate complex
30 number).
At a step S2, the aforementioned correlator 5 calculates the
correlation function of the correlation synchronization signal Sy(t) and the
reference signal stored in the memory 3, so that the peak position thereof is
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précision. Fig. 3 is a flow chart show ng processing of the DSP 2 executing
the operations of the functional block diagramshown in Fig. 2 by
‘software. At a step S 1, the nultiplies MPAI, MPA2, -, MPA of the 25

af orenenti oned first adaptive array nultiply the received signals x1(t),
x2(t), , xn(t) by the weight vector WLOLD, W20LD, , WACLD cal culated in the
precedent frane and stored in the nenory 3, so that the adder ADDA

synt hesi zes the total sumas the correlation synchroni zation signal Sy(t)
(in the equation of the step S1, synbol * represents a conjugate conpl ex
30 nunber). At a step S2, the aforenmentioned correlator 5 calculates the
correlation function of the correlation synchronization signal Sy(t) and

t Ee r fef er edgeacsédg aalthiI tspnich:tohbus Ip@sitmmSynB bysm bﬂmtgidmecbqw@épomdsﬁg ten

t hereof is ec as n osition nc by an operation
correspondi R}é tt%etl‘teh r%pe? 8“%1 Pré%tt?‘#% peak detector 6. At a step S3,
“the wei ght vect oAtw NEwSIiMhIEWelghMNEMW@NE\w weNEnt ed wabpw dncapalaiedon

corr espondi gy M%ﬁé}«afuaco& %Bmwinmhwmmxﬁﬁ REQ whigRt (utdi o 4

with the reC|v en a
menory 53, seakew toF How B bR Ve 1Y Rg # mal§|x6§)an(f<§zq ye erer;&e(%lgn ﬁeﬁm plied

by the cal cuh@hﬁéinm 8hdo ﬁlf%tttthé reddizad si/gﬂfﬁw,xl(t)mmyv DYKrHT) ax@per ation

correspondin ht?f}m f t%%f fﬁtoé n%{ d_second adapti ve é The

_synt hesi zed e GHEPIRted WEIRht XPGOL WINEY:) WES o RaNEW §Y &5 red PS,
In the firsopératbm odrrespordingity ¢ehasofjtled aforemghtionedtsecond adaptiyet

cal cul at ed e | at. | r

provi si onal ?ggas‘hét ,“nﬁ'geg%@%%m\ég%é?{lfsgﬁhgijgﬁ%{}lgt?a% ﬁé&%gféﬁieg&ggg tl(%? the two

peaks whomdamr(sé)PS n Fig. 12 as the synchronous position for continuing

15 the operatlon,qhothes A bPtid P&%Rre'ifﬁgﬁaﬁ ighPIettor LORLEVEE € NO

receivi ng errors perrormng space _nu Qg‘go syst em
the start paldated qrsbhenge weighiractoresalryl aémrﬂ@cn med BY known and hence

the proces @lraﬁs{mémese%hﬁ téi‘ﬁléi’YOdiﬁ&‘éi‘ Qﬂ?\ﬁlbﬁe ehkaligherkeMosflthertwas t he
start  posit Oﬂs gﬁozvn at (tag| %18 nﬂ as tlcm)eren sgfncehr%?lo&%%u(;s{tllglg t%nc') gggﬁ;lluﬁpg

15 the operations of the aforementioned steps S1 to S3 if there are no receiving

errors. When performing space multiplexing in the PDMA system, the
start position (SS) of the precedently connected PS is known and hence the
processing may be started by setting the other peak position as the start
position (SS) of the signal from the PS requiring connection.

20 [Second Embodiment]

' Fig. 4 is a schematic diagram for conceptually illustrating transition
of modes in a second embodiment of the present invention described below
and a third embodiment described later.

In each of these embodiments, an operation mode for establishing

25 synchronization by detecting a synchronous position, not yet detected, of a
received signal by the method of correlation synchronization is referred to
as a "synchronization capture mode", and an operation mode for
maintaining the once established synchronization unless receiving errors
are continuously caused is referred to as a "synchronization protection

30 mode". Detailed operations of the respective modes are described later.

Fig. 5 is a functional block diagram for functionally illustrating
processing of a DSP 2 according to the second embodiment of the present
invention. This block diagram expresses the DSP 2 as a combination of
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20 [ Second Enmbodinment] Fig. 4 is a schematic diagramfor conceptually
‘illustrating transition of nodes in a second enbodi ment of the present

i nvention described below and a third enbodi ment described later. In each
of these enbodi nents, an operation node for establishing 25
synchroni zati on by detecting a synchronous position, not yet detected, of a
recei ved signal by the nmethod of correlation synchronization is referred to
as a "synchronization capture node", and an operation node for maintaining
t he once established synchroni zation unless receiving errors are
continuously caused is referred to as a "synchroni zation protection 30
node". Detail ed operations of the respective nodes are described | ater.

Fig. 5 is avhriou$ cioailt éiémehtslfo&gﬂastn‘aming thecpriaoilé vf bpérstionst i ng

Prventron. Thplomitied 1 68 BRPUbRILAG 15 FEE D ERE BEP 2 Bl dfiefl 001 |
various ci rpmqesslngrdnnsﬂfomclnalltl§hom imgFigse 6 pmidh € by seftoranegar practice.
i mpl emented by “T?l ([)3\% r art?ﬁrkxe\ltﬁ%ﬁhg se&m%@{% @ﬁ‘?o@ HdpL&yERet S

processi ng al on and 7 by so tmare I n
practiée. THYVetiaals a8 ﬁb?ﬂd’?’lﬁhé’eﬁﬁreﬂ% B enbodi ment of the pr esent

=l ?vent I 03 I's dhwlt&é g?lgcmf[ohﬁ'zeftﬁfr?é@gﬂ@ﬁ'etﬁ@ocfé flot Pet d{tebﬂﬁg%ﬁ@ChrOﬂl éat i on
capture node n e e ctin cnro 1 O SW es

AP A s FedtipohGs DS, Aditches SWAT LOSHE, B bt gL vl
recei ved si gdaptiva h@ra)y synthesizeé trpcaived wimmgs x1&.t-or xn@l@nd)wetghtmector
WiaLD O pr%g&e%o{ o n%Eﬁﬁfgr%&dQnmy stor8dtna x?l'eﬂﬂﬁkf 31%1(?%(

subj ected to Féenova erence wave conponent 1s“extracte and
suppl i18d t oSa(td shbjdctedto Bmeyal afzam ylttenfermmawaw@ cempoBABLis extzacted

embodi ment . Ihesugwea't%taoeor?eﬁ%fy'thﬁfaﬂia%o €RE Led@hddaridieachisgn of the

signal Sy(t) a reference signal stored in the nenory 3, and supplies
the correl aBMhe ll}gnfunctlon to a peak detector 6. The peak detector 6

detects a tine pmetdo@fblmrﬁcﬂbalateg tled aémlandmf\mmv"n @faﬂhéﬁlghaHSy(t)t he
correlator 5 ak as a sgwcJl r.ono ﬂ_(l)SItIOI’l

synchr onous ap ﬁerg‘yrﬁ} & BIemory, I*Htﬂﬁ‘t‘ dh VAR L3 elatin

15 functlon to a peak detector 6.
" The peak detector 6 detects a time position where the correlation
function calculated in the correlator 5 peaks as a synchronous position Sync,
and supplies the synchronous position Sync to a weight vector calculator 4
through a switch SWB turned on toward a fixed end SW1 while storing the
20 same in the memory 3 in the synchronization capture mode.

The weight vector calculator 4 regards the detected synchronous
position Sync as the start position (SS) of frame of the received signals, and
starts calculating weight vector winew, W2NEW, -, WnNEW.

A second adaptive array synthesizes the weight vectors winew, W2NEW,

25 .., wanEw calculated in this manner with the received signals x1(t), -, xn(t),
so that a signal from a desired PS is extracted and output as an output
signal y(t) through a detector 7.

The output signal y(t) from the detector 7 is on one hand supplied to

a receiving error determiner 8, which determines presence/absence of
30 receiving errors.

The result of determination of the receiving error determiner 8 is
supplied to a synchronization mode determiner 9. When the receiving
error determiner 8 determines that there are no receiving errors in the
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through a switch SWB turned on toward a fixed end SWL while storing the 20
sane in the nenory 3 in the synchronization capture node. The wei ght vector
"calculator 4 regards the detected synchronous position Sync as the start
position (SS) of frame of the received signals, and starts cal culating

wei ght vector wLNEw, VRNEW *** WANEW A second adaptive array synthesizes
the wei ght vectors wi NEw, V2NEW 25 WANEW Cal cul ated in this nmanner with
the received signals x1(t), ..., xn(t), so that a signal froma desired PS
is extracted and output as an output signal y(t) through a detector 7. The
out put signal y(t) fromthe detector 7 is on one hand supplied to a
receiving error determ ner 8, which determ nes presence/ absence of 30

receiving e m&onﬂiaﬁoh thrOf Rt SHELPRH R Afti d R e (Rit¥#ATh &g Of

det er m ner IS supplle synchroni zati on node deterni.ner 9. Wen the

: to d
receiving @egides H@t"é%thﬁ’fhg‘io%%ﬂ%ﬂéﬁ‘ nopdzation capfure mede Ipthecei vi ng errors
in the -17 bA¥atith PdtéGN iR detderow I® By Fifirynardisteresrde

det er m ner eci des. transitj on fromthe synchronizati on _captu de to
the synchr®t P?’cﬁ‘i‘%lﬂpo‘?@a‘?itd@ﬁ Wr&%g ?%?A%%ﬁfﬁlﬂ?%m%?‘?rya d St érHe)s a
synchr gni zatherecebdagfdrag detdimanemnd debermimesithat thédecanearepeividg evors, 5 t he

on the othept RaRgTeES, o AALEEAARRCNELRACEREIE AERBIATAP o o

in Fig. 4),Qnd Eiae4hfm<ﬁﬁ%mﬁommn@ip@edtop@n%ti@n%al?eemaé@ld untilithene

recei ving epsRividetedtod AdterMifet 8'dstaetinddahat IRER Rletnd PededEiRig\drigrser I OF S.
When entering thg _synchroni zati on protection de, the swifches, 10 SWAB,
., SWAN are tu %?erp&gg&?ﬂ? IQBZAHP AP H}Pd??r éfb? SWLEOER g

enpl 04ong WEWEAL -V ESWaY, af tuaedbetdesrorm avesynShbatizhtibh preprocessink xed

end SW2 of the,switch .S t t th oy
Sync.det oct BAPIECVRBHE NSk SLERE niecinl b SRSAPLR0RH, PRACT, |
3"i's suppli eddiSVerf theisghitchvBBBis tained on o0 thatthe symcbranougppesitiosn 15
(SS) of theshhadhed I theSPhUBDrII A Sap B TRAAL BhaldiraiindiHe veC! of

cal cul ator calcu a?es wel vector on the has| s of the fixed synchronous
posi tion Symenewy 3ds supplied hethe yeghtvadier %%I%W%ﬂz?‘ét&@rﬁtﬂﬁ&%ﬁlpﬁn

15 (SS) of the frame of the received signals. Thereafter the weight vector
calculator 4 calculates weight vector on the basis of the fixed synchronous
position Sync stored in the memory 3 in the synchronization protection
mode. This is an operation based on the premise that the synchronous
position does not fluctuate at a high speed every frame of a 5 millisecond

20 unit.

When receiving errors are detected in the output signal y(t) obtained
by the weight vector calculation based on the fixed synchronous position
Sync, the synchronization mode determiner 9 maintains the
synchronization protection mode unless the number of continuously caused

25 receiving errors exceeds a threshold (arrow @ in Fig. 4).

When the synchronization mode determiner 9 determines that the
number of continuously caused receiving errors exceeds the threshold,
however, the synchronization mode determiner 9 decides transition from
the synchronization protection mode to the synchronization capture mode

30 (arrow @ in Fig. 4), and stores a synchronization mode flag indicating the
result in the memory 3.

Returning to the synchronization capture mode, the aforementioned
synchronization preprocessing employing the first adaptive array and the
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node. This is an operation based on the prem se that the synchronous
position does not fluctuate at a high speed every frame of a 5 mllisecond
"20 unit. When receiving errors are detected in the output signal y(t)
obtained by the weight vector cal culation based on the fixed synchronous
position Sync, the synchronization node determ ner 9 maintains the
synchroni zati on protection node unl ess the nunber of continuously caused 25
receiving errors exceeds a threshold (arrow 03 in Fig. 4). Wen the
synchroni zati on node determner 9 determ nes that the nunber of
continuously caused receiving errors exceeds the threshold, however, the
synchroni zati on node determ ner 9 decides transition from the

synchr oni zagje Wé&&%ﬂm ;mé@dér& ﬁaﬁle%rm&@wdz@wd@ee& the node 30
(arrow (r) in H%; and sbores nchr |zat|on node flag indicating
the resul tSY‘F'F}% BORE REsN10R bygerte ?W“‘t ZAYOR, 851 8at i on capture node,

t ge af orenent i Oangs ﬁyam:dl ﬂmeih{]w @haﬂrs@mroczmgshe@pefm@/s ﬁl?tltd‘lﬁufctmial .
adaptive ar the 18 weight wvector en rage_i_s execute
for detecti hgf}/‘*ﬁﬁ <§r‘?1°8ﬂ’o’d’s Hod ‘f’fe&Ht%@LXéBPJP@? %gt?,y ﬁf:gﬁ?fat i on

agai n. 5Fi gswh@land 7 are flow charts show ng the operatlons of the

functional  blockd) @@B@g gwem&ﬁmonwaae&wegﬁ BiibhSs BRRol¥opof twar e

as a 5 whole. At ronl zat1 on eterm nati on
execut ed fodeteﬁml@ilhg wheghor the\DSE $és psthe sync rﬁnizf?élcgwﬁmﬂlaﬁm %‘h

“capture noden @he syﬂcﬁﬂbﬁlﬁtf&hﬁﬁtbéﬁbm%dﬁﬂﬁﬁﬁsbﬁﬂ node at present When

bresent at the s Upetha DRE Aih St ed P o e aC LR 2R SBRetH at i on of
wei ghtlOvect atodesatsidsent at ke atep Sl cﬂyntcheongtlah mepjocbsmngaandiey red PS
5 absol ut of GRVMEHER Bt Fefdht Yootth: o BRIACERRA 0N Bf O S3Rad YO from s, L0 514
first embodidesived Hbare exechited aB stepsdS kb é4r eﬂl‘bﬁd&ﬁcesém& at phesereters 15
Q?tg ngfpg?t )e@ 123681 4 eardoBi@ly Yddntidal 16'the Peb&sdsitly A1hesRBs S 11th S8 e
the first embodiment shown in Fig. 3, and hence redundant description is
15 not repeated.
" When the signal y(t) is extracted at the step S14, the signal y(t) is
detected by an operation corresponding to that of the detector 7 shown in
Fig. 5 at a step S15, and it is determined whether or not the
aforementioned detected demodulated output has receiving errors at a step
20 S16 by an operation corresponding to that of the receiving error determiner
8 shown in Fig. 5.
When it is determined that there are no receiving errors at a step
S17, transition from the synchronization capture mode to the
synchronization protection mode is executed at a step S18 (arrow ® in Fig.
25 4).
When it is determined that there are receiving errors at the step S17,
on the other hand, the number of continuous errors is counted at a step S19,
so that the synchronization capture mode is maintained as such (arrow Q)
in Fig. 4) even if the count is 1 (step S20).
30 When the synchronization protection mode is determined at the step
S11, on the other hand, the synchronization preprocessing and the
detection of the synchronous position by correlation synchronization at the
steps S12 and S13 are skipped for immediately executing array processing
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detected by an operation corresponding to that of the detector 7 shown in
Fig. 5 at a step S 15, and it is determ ned whether or not the

“af orenenti oned detected denodul at ed out put has receiving errors at a step
20 S16 by an operation corresponding to that of the receiving error
determiner 8 shown in Fig. 5. Wien it is determned that there are no
receiving errors at a step S17, transition fromthe synchronization
capture node to the synchronization protection node is executed at a step
S18 (arrow (Z in Fig. 25 4). Wen it is determined that there are
receiving errors at the step S 17, on the other hand, the nunber of
continuous errors is counted at a step S 19, so that the synchronization
capt ure nodat ilse stipn$ dd.nedt glie staphS 14y cadpalfitionrofFirgighd veetoenis ieket¢utedcount
is 1 (step 9@ he r api | 0 ' e is determ ned
at the step§u@)?T?ggﬁhﬁﬁgkggﬁﬁgﬂﬁghgghga%h%ﬁﬁgI}gﬁgég%%ggﬁgreprqcessing and
the det ect synclnfonizatiay capture susdestoired om tég neamoxyt dasanstayhphsisionzat i on
at the stegg:ﬁ 12 and S 13 are skipped for i mredi ately executing array
processing - %9 at the step S 14. At the ste cal cul ati on of, wei ght

: p 14

vector bi s execut ¥dhenit1s determinrdhthatdibe dayodulatedontpWehasnedecsiving
-precedent  ayRESTRAGEE] tI0stepRISITELIS IR, thedyehtdhizhfiofgifetectibramodeds ar t
position (SS%i. 5, V\ﬁ're It 1S ij kerm n .t(rFt t;1e denodul at ed out put has no
receiving &ragtang %Lfbﬁteph% i PFOWsE 11§14 t he synchroni zati on
"protection node VEheiii izt détordiméd that therShse tecaiving3@rors &t the dfep YWEN it
Is determn re.a g L Vi t he t he
other  hand. SAAHe S EREdr B SEaY b, ERiObRuRed sl SEPS I9 Lo theH
transil® on tranaitine fsgmdhesynghronigatipn paetactianmade to thesynghronizationt i on

e o ngdg?bﬁ‘%ig%??%ﬁ&t‘?‘f&?%ﬁ%ﬁ 31 % 8o COUE oREBMIBe kil BSNOL
&b S30ABtow 1D ST Eig dh7 Mo tds dtermuesh i ete

are no errow ‘é&até
errors, a GeAEhoHPLEs £ leakt 60¢aEthd Steb'S 17 @hileadundirZeesntiiudeenioen S

tl ? éng ;St ;I'(r)ura]r %agotn {n&orllfsse%rgxt‘ ggtfntser %sl irtxi?iaizz%d%%e{‘oe RE %ﬁg gtgpoé 182 ki ng
15 Thereafter these steps S11 to S21 are repeated for making transition
between the synchronization capture mode and the synchronization
protection mode and updating the synchronous position Sync in the
synchronization capture mode.
Handling in the case where weight vector is not yet calculated in the
20 first frame of the received signals is as described with reference to the first
embodiment.
[Third Embodiment]
Fig. 8 is a functional block diagram for functionally illustrating
processing of a DSP 2 according to the third embodiment of the present
25 invention. This block diagram expresses the DSP 2 as a combination of
various circuit elements for illustrating the principle of operations
implemented by the DSP 2 similarly to Figs. 2 and 5, and the DSP 2
implements processing along flow charts shown in Figs. 9 and 10 by
software in practice.
30 The operation principle of the third embodiment of the present
invention is described with reference to Fig. 8.
In a synchronization capture mode not yet detecting a synchronous
position, all switches SWA: (not shown), -, SWA. are turned on toward
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between the synchronizati on capture node and the synchroni zation
protection node and updati ng the synchronous position Sync in the
“synchroni zation capture node. Handling in the case where wei ght vector is
not yet calculated in the 20 first frame of the received signals is as
described with reference to the first enbodinent. [Third Enbodi nent] Fig.
8 is a functional block diagramfor functionally illustrating processing
of a DSP 2 according to the third enbodi nrent of the present 25 invention.
Thi s bl ock di agram expresses the DSP 2 as a conbination of various circuit
el ements for illustrating the principle of operations inplenmented by the
DSP 2 simlarly to Figs. 2 and 5, and the DSP 2 inplenents processing
along flow fixedtendsBW, andfi fisst faptivelfray synvhésizesrdceivedesighals 30 The

I h
gperati on PRS2l o8 silP AL ST IRl | %zE{I%e%Pﬁ*ea%%eE?@%SQ ot
yet detecti fitame §90redrmrmmmqms3 80 timat aslmhﬁy&ﬁ@slbmﬁsd tasemonalpf an
SWA" are tuppedrgantovwshd coﬁ{bc;nie?‘x%ci!s ﬁﬁﬁ%ct%\egan&g ﬁhéd Irl:éfa &Qf’élhtdies arr ay

synt hessl zes rec ved Sj gha wel ght vector WLOLD,
V20LD, o7 I;S’PMc??ﬂeSS]fnrgaﬁe stored in a nenory 3 so that a

-si gnal Sy(t) subJ’I&fetmrélgtdmaﬂ@hIaﬁesahe wfx@lét@meﬂqectmvefﬂmmgﬂehSy(ts
extracted and sug&gl ed to a orrei 8}& Igy%’nch oni z ﬁx

or eprocessi APfL A THETeRRe Seiabslose f Meydon ¢ coreeladiP s ¢ he
"signal Sy(t )Yunetich do agfenkedetectordnal stored in the rrermry 3, and supplies

t he correlation e det ect
(e correlatton iELPehfh PBplcHE, 6k boluck EBRE mgBbel AP dotects
correlldt or Zupetaws calsulatedrinrthernouel ptsm & peaksgn e synghrorauspesiton iync,

synchr onous Médﬁpmbs%@csyh h@oﬂ\ﬁi siMBR A nc%'é%?%frve‘étoﬂ BqleWTloR4s W { ch

3'In the. sydBreesh asviish SR GREnsrhee towREd adtisd Sad STE1 wiie atosts e
regards the sdateeist £k HERCdHy@iiithe synchronization capture mode.

The weight vector calculator 4 regards the detected synchronous

15 position Sync as the start position (SS) of the frame of the received signals
and starts calculating weight vector winew, WeNEW, -, WaNEW.

A second adaptive array synthesizes the weight vector winew, WaNEW,
-+, woNEw calculated in this manner with the received signals x1(t), -, xn(t),
so that a signal from a desired PS is extracted and output as an output

20 signal y(t) through a detector 7.

The output signal y(t) from the detector 7 is supplied to a receiving
error determiner 8 on one hand, so that presence/absence of receiving
errors is determined.

The result of the determination of the receiving error determiner 8 is

25 supplied to a synchronization mode determiner 9. When the receiving
error determiner 8 determines that there are no receiving errors in the
synchronization capture mode, the synchronization mode determiner 9
decides transition from the synchronization capture mode to a
synchronization protection mode (arrow @ in Fig. 4), and stores a

30 synchronization mode flag indicating the result in the memory 3. When
the receiving error determiner 8 determines that there are receiving errors,
on the other hand, the synchronization capture mode is maintained (arrow
@ in Fig. 4) and the aforementioned operations are repeated until it is

-21-



15 position Sync as the start position (SS) of the frame of the received

signals and starts calculating weight vector wi w, V2NEw, , WANEW A
second adaptive array synthesizes the weight vector WL NEW W2NEw, WANEW
calculated'in this manner with the received signals xI(t), , xn(t), so

that a signal froma desired PS is extracted and output as an output 20
signal y(t) through a detector 7. The output signal y(t) fromthe detector
7 is supplied to a receiving error determner 8 on one hand, so that
presence/ absence of receiving errors is determned. The result of the
determ nation of the receiving error determner 8 is 25 supplied to a
synchroni zati on node determ ner 9. \Wen the receiving error determ ner 8
det er mi nes dé@trmtihed ¢hat there areaw xdceiyirgeOrarsi n the synchroni zation

capture node, thEniax?ﬁgrtRQ ﬁ%ﬁl’ﬁ%ﬁ%@&k g‘f'(t)t%l::ﬂbﬂ‘?{l]o@e +H8GWEch SpARgs L1 on

fromthe synchroniz n ca ori zation protection node
(arrow 20 i tnmed onmjowasha fixedeandbSWE, sprthat emmlmmmmos}t@@ PHBEcat i ng

Geror mones IRECUR TPIR ttoiion o aigse iy saefth pguanoy i
synchr 8ni za?\‘m-‘"é‘g %Wﬁtﬁm yest %‘?qu ag%’d"‘@ért?l@\ﬁta’é BOsIEPY 0?25' i’f?dn? he
: ?L orenenti oaﬁﬂx@meﬁxedcsignalse rlgméeaaﬁdr thd Wweight vertei2daldalagonined t hat
ere are no e ivin LOrs n all O i on
mode. ¢ he oqiFRfeha eiEht Hofros o e fEh OL0R RGN R RSB RER P

'synchronoussi;medtmthe%ymorsdat ected in the synchronization capture node and

stored in the ”EWH%Q} §%dr$§m?llg$éf9&lé f&‘;tc}l Qeltlg ﬁﬁ'h %tgﬁ@%%él?(ﬁ)‘ﬂlﬁ%ﬂ{ed‘l as

the start position e recej ve ere er the
vei ghtlOvect by thaveight yector calentafion sased %.téntsyvéblﬁcmm@rpqsvaféc’%%w& of the

synchr onous sw_iédtlh He $Hétﬁor3§ Boﬂ@syr{b}irbﬁlz@ﬁmr o'ﬁecti/&?ﬁldd%%lxﬁaﬂﬁaﬁ{dd)r S
are detected gﬁg e out %ﬁ}r} tliﬁ obt ad)ned 10@{5 t he vveaght vect or
cal cul at i onUBESESDENUR e’é9 b‘h%%}és GEPPGHICSINEE ST FRRANE Ae menory 3,
t he synchr oghzssholh(qarowe® iinFigpde is nmaintained unless the nunmber of

cont i nuous! Y. causef eEELVARoRLIAGh SO et S bekhibRl RN AR 1 FI O

15 number of continuously caused receiving errors exceeds the threshold,
however, the synchronization mode determiner 9 decides transition from
the synchronization protection mode to the synchronization capture mode
(arrow @ in Fig. 4), and stores a synchronization mode flag indicating the
result in the memory 3.

20 Returning to the synchronization capture mode, the aforementioned
synchronization preprocessing employing the first adaptive array and the
weight vector of the precedent frame is executed for detecting the
synchronous position again.

While the aforementioned operations are basically identical to the

25 operations of the second embodiment shown in Fig. 5, the third
embodiment shown in Fig. 8 modifies the operations of the second
embodiment 2 in the following point:

While the synchronous position Sync stored in the memory 3 remains
fixed during the synchronization protection mode period in the second

30 embodiment, the synchronous position Sync stored in the memory 3 is
finely controlled in the third embodiment also in the synchronization
protection mode period, as described below.

When entering the synchronization protection mode from the

-22 -



When the synchroni zati on node determner 9 determ nes that the 15 nunber
of continuously caused receiving errors exceeds the threshold, however,
"the synchronization node determi ner 9 decides transition from the
synchroni zati on protection node to the synchronization capture node (arrow
(@in Fig. 4), and stores a synchronization node flag indicating the
result in the nenory 3. 20 Returning to the synchroni zation capture node,
the af orenentioned synchronization preprocessing enploying the first
adaptive array and the weight vector of the precedent frame is executed
for detecting the synchronous position again. Wile the aforenentioned
operations are basically identical to the 25 operations of the second
enbodi ment ghielrohizakiof. captuidmdde all swetdiagi SWa: (Rbvshown),Fi gSWilnani f i es

t he operation f t d ' t,12 .0 fQqll ow int: Wil

t he sSnchrgﬂHE‘gaﬁ)&F(’?W%ﬁC@%e’gg%SM% tt}*%'tﬁgﬁﬂgrgt a@@@%{&%g :‘inxed d{Jrieng

t he synchr osyrthisizes phetreciverhsignads péit),od ¥t Wét?i!sﬁmo‘fvalglﬂ VERHIAV REN , t he

synchr Onousw%@,t--! nN§?6Q)? thd Qﬁﬁx%dt’}eEﬂ@e&@{E%fa}Is Balcalatedfy) theweigh! | ed in
nbodi’ mént _ al so e s r

the third e I'n_t syn ni zat1 on, protectiaon node peri od,
as desBri beveder Qﬁlﬁumh‘le%ncbth&@gpﬁgsé’ snbIeietht By &A1 on node from

‘the - t22 Sygﬁﬁ@f’{ékéﬁééf?yé%%h%bﬁeﬁ%@ext@hétfﬁ\%ﬂ%mh f]iiéﬁ“ﬁ)_ ; fm@%@amw 5., SWAN
are turned on r xed ends , 4,50 e firs pti.ve r

synt hesi zes t he &ﬁg@&@éa@dﬂn‘%ﬂqg“%\{%ﬁ the gor)ggﬂ(ag;l)onvgwtlto%o egﬁ‘l%“%@%}’@i

‘Wi NEw, W2N&Ewd the refbEW siignabstoredirthe menored aidsapslieatheul at ed by the
wei ght 5 vector, cal cul ator ' lo Sy(t) subjected to renoval of
an i nterfeF%glg%%ﬁnb%]r%loﬁ)e@[%dRésaﬁcggéeregfchqe% and supplied to the correlator
5. TH@ correl at Thepeak detectoes détectsn n@n@posmomﬁﬁer%trhworm@_t@mgna|

Sy(t) and th?mftﬁfx?éﬁ@ﬁf‘attéggﬂ%he% ko5 hékk nchioRBds puitidnes t he

T s o o b e s o L, © O o
cal cul ator gomRpakstors 0sthietigRrEssitEl SWCthrnedfonrimethesynshrenization whi ch in
turn 1s SUpglrcl)t%gtiE)g rode." thé g\yﬁjéhr%;loﬁs position Sync stored in the memory 3 is

15 input in a second input of the comparator 10.

The comparator 10 increments the count of a counter 11 by 1 when
the synchronous position.information Sync_tmp is greater than the
synchronous position Sync (Sync_tmp > Sync), and decrements the count by
1 when the synchronous position information Sync_tmp is less than the

20 synchronous position Sync (Sync_tmp < Sync).

The count of the counter 11 is supplied to a synchronization follower
12, so that the synchronous position Sync stored in the memory 3 is
updated in a positive direction when the count of the counter 11 positively
increases to exceed a first threshold while the synchronous position Sync

25 stored in the memory 3 is updated in a negative direction when the count
negatively reduces below a second threshold.

Thus, the received signals can be demodulated in higher precision by
finely controlling the synchronous position information stored in the
memory in a direction where the synchronous position deviates in

30 consideration of that the actual synchronous position can finely fluctuate
also in the synchronization protection mode period.

Figs. 9 and 10 are flow charts showing processing of the DSP 2
implementing the operations of the functional block diagram shown in Fig.
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conparator 10 through a switch SWC turned on in the synchronization
_protection node. The synchronous position Sync stored in the nenory 3 is 15
i nput in a second input of the conparator 10. The conparator 10 increnents
the count of a counter 11 by 1 when the synchronous position information
Sync_tnp is greater than the synchronous position Sync (Sync_tnmp > Sync),
and decrenents the count by 1 when the synchronous position information
Sync_tnp is less than the 20 synchronous position Sync (Sync_tnp < Sync).
The count of the counter 11 is supplied to a synchronization follower 12,
so that the synchronous position Sync stored in the menmory 3 is wupdated in
a positive direction when the count of the counter 11 positively increases
to exceed aS8fly seftwhreabalwholei| e the synchronous position Sync 25 stored

in the memory 3 irg t&@%&ﬁ@hbﬂs%hg%ﬂﬁfd Fﬁgsdgfa%ﬁ%m“pfméblh StGRMY S11 to

negatively reduces below a secon

|
be denpdul atied isrpbspltely wleatical oo thg preqesang %fcfi@rséﬁl% rﬁe th ;qe?s]y nanzugan

posi tion i nfsgédird éﬁ%o&ixﬁéﬁﬁ'sh@whhﬁ FigBn®hydi T aﬁhdjhéx%‘etié@lmnmfte t he
synchr gnous osM*on devtat es '3 30 consideration of that the actual

synchr dhous G5SSPHAR 18 DG FeRRAtds | uctuate also in the synchroni zation
‘protection node farthedlowichartsshaomwh iiDFigs 9f dndv1@hsteps SA2otoi 320 phowessi ng

of the DSP roéeg% xgrg@édlﬁ?t& 'Eﬁ’e ﬂﬁ?&%&ﬁvﬁ@nﬁfrx}tt he functional block diagram
as

~shown in Fi twar e n the flow charts shown in
Figs. 9 and 10, pVbendtindetermine¢ths the DSP Lpmin theygwrghrorizatiafenti cal to

t he process'ﬂiﬁté& *}ﬁoaé%leﬁih@sﬂe"p 5922 Shle &;‘rréﬁaaonsm@ﬁ@nqmmumm in
Figs. 6 and %2 hence redyndant 5 descrip % not r % g@ I n. the
flow cthrts S§% by #n gperation gorrespeREpg tSé a%e FOe%H Wy

speci fic to Rige8t hu‘hdneﬂ’wdn@pbsuﬂﬁhanheﬁe th (d)@i'eﬂatibnefdnbtlah ptelaks BSP 2 is
functon | s Hepihfasde SmRhES o uRAGu It BaRoeE ute gl B ciPbAEaBORTC | |
t hat of the covraspbatirg & Sredvaf the peialy. d@ectﬁh@rﬁhmm n@ $osition where the
correlation f unmAPfhé’&%b%??, the synchronous position Sync stored in the memory
15 3 is compared with the aforementioned synchronous position information
Sync_tmp, for decrementing the count of the counter by 1 if the
synchronous position information Sync_tmp is less than the synchronous
position Sync (Sync_tmp < Sync), while incrementing the count of the
counter by 1 if the synchronous position information Sync_tmp is greater
20 than the synchronous position Sync (Sync_tmp > Sync).
When the count positively increases to exceed the first threshold at
the step S26 as a result of repeating updating of the count at the step S25,
the synchronous position Sync stored in the memory is updated by +1 at the
step S27. When the count negatively reduces below the second threshold
25 at the step S28 to the contrary, the synchronous position Sync stored in the
memory is updated by —1 at the step S29.
Thereafter these steps S11 to S29 are repeated for making transition
between the synchronization capture mode and the synchronization
protection mode and updating the synchronous position Sync also in the
30 synchronization protection mode period in addition to the synchronization
capture mode.
Handling in the case where a weight vector is not yet calculated in
the first frames of the received signals is as described with reference to the
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detected as the synchronous position information Sync_tnp by an operation
corresponding to that of the peak detector 6 shown in Fig. 8 At the step
'S25, the synchronous position Sync stored in the nenory 15 3 is conpared
wi th tthe aforenentioned synchronous position information Sync_tnp, for
decrenenting the count of the counter by 1 if the synchronous position
information Sync_tnp is |l ess than the synchronous position Sync (Sync_tnp
< Sync), while increnenting the count of the counter by 1 if the
synchronous position information Sync_tnp is greater 20 than the
synchronous position Sync (Sync tnp > Sync). \Wen the count positively
increases to exceed the first threshold at the step S26 as a result of
repeati ng ufided embodimérte count at the step S25, the synchronous position
Sync stored in t ne. L +1 : ; count
negatively reduc ebﬁ@é&f%@%ﬁ%&l@&tﬁ@% h%‘é‘?‘%j‘r&‘%%ﬁes‘%°ﬁlgl‘§%ég %ggﬂtagn?he
contrary, t e alypuihtoand nopoestrictivesy Ahesicope of the presenddRBeYLIPR 1$pdat ed by

-1 at the s - - St o2 e foepatimdah@r
maki ng t ranéﬁ?‘.vz?fﬁ%tb%{"@{eeiﬁﬁ%ﬁdéﬁﬁ@ﬁiﬁn‘?‘?‘%?éﬁ3%?& e lﬁfgvﬂggaﬁd the

synchr éni zait isrintepdadthatonl SHAORDH WA RGN FRCPNER BIFB8T ti on Sync
-al sohi n theeaﬁiv%ﬁ@ﬁhfd)ﬂiezﬁob@fbfméihfﬁirithefﬁ)ﬁﬁe frievludedi n addition to the
synchroni zation ,capture e. Handl.ing j.n the i vect or
is not yet cal cu@@&#f‘ﬁ tg;%ﬁgp,rﬁesq Wg Mofs Pﬁggiﬁ%@@%g‘a&%@ﬁg@e. s as
“descri bed wisyhcheimouepmsitien ihepectfied by she entthodraficorretatiornbodi nent s

di sclosed this {1 ne | ! | i Kt s and not
restricti ve.sy?ﬁlér°§&6%§%P?@ ﬁgggir%e_;"’ﬁg%?g? %#gg%?(é)ﬁ&: %vgﬁgnv\ﬁohle? QES} t he above
descrilf i on sguthtonization pepprosesengieven syhemsignals ahithesamefteqUancy 41§ ¢ hat
al | modi fi cabianed W ithe TS e aHRABIRGpa0E nidith draRdRrelylthy ayadlirdnoushe scope
of claimfor patent are i1ncluded r{Accorgl ng (ﬁ; t he lE)resent |§‘\é§ntt%¥go as
her ei nabove R#sHion pEa si regeivef B8 A USBESd FiFans psﬁ%r@fa‘ftil}é NS net hod
of correl at igysuls¥stedrte pradise denidudatioenovi ng the interference wave
conponent by 10 synchroni zation preprocessi ng even when signals of the sanme

frequency are
15 Industrial Applicability

As hereinabove described, the radio receiving system and the
synchronization detection method according to the present invention are
suitable for detecting the synchronous position of a signal received from a
mobile terminal unit in a base station of a mobile communication system of

20 the PDMA system, for example.
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received in the CS in an overl appi ng manner, whereby the synchronous
position of a signal received froma desired PS can be correctly detected
‘to be subjected to precise denodul ation. 15 Industrial Applicability As
her ei nabove described, the radi o receiving systemand the synchronization
detection nethod according to the present invention are suitable for
detecting the synchronous position of a signal received froma nobile
terminal unit in a base station of a nobile comrunication systemof 20 the
PDVA system for exanple. -25 CLAIMS 1. A radio receiving system (1)
receiving a signal froma nobile termnal unit with a plurality of
antennas (ANTS, . ANT.), conprising: first interference renoval neans
(MPAI, , MPA., ADDA, 4) provisionally{ehMBng an interference signal
conponent fromreceived said signal; correlation synchronization detection
means (5, 6) detecting _correlation synchronization of said received signal
subj ected to rendvalA sadipgegeiuing sesteny dnceceivipmp stignaldremta ppbalei d fir st

:\/gI[Ber fer enCQ%xﬁfﬂ)élélinimfﬁ a plﬁ?ﬂjﬁﬁ&pﬂﬂtehﬁ% r(BiN’PlE‘C@ ANRTHY ébmﬁ?fsm?gd:( MPBI ,
: r.enpving.an i nterference si cogpQnen om.sai
recei v% si gnal \g%tshmateggeiﬁ’&?ﬁ%ﬁ%alﬁﬁ%?‘?? Qﬂ&%ét é‘cmy"od%or rel ation
-synchr oni zatprovisitetadbyt remnovihy arearterfesencessignhl coraponemt frdm receisdidosaid
recei vi ng s%%r il (1) receiving a signal froma nobile termnal unit with a
plurality of™&ntennas (ANTS, . ANT.), conprising: weight vector calculation
means (4) cal cul abrrejatiomsygthrondzatoon detectionrmespon B, f) deseetinigsi red nobil e
term nal uni VAN § f: ' ' i ; :
storing sai gbgﬁgt&?%tsgg%oﬁléﬁéﬁ%g%%d 'T%??%F aS| %,nals e t&gtggﬁ Po%ﬁlmg%?(lvPAl,
. MPA.10 ADDAhe aptarfeneyce signal sempenent bydaid firat Wielegente Tomewaldnearyl i n
sai d storaggpgans to a franme 25 of newy received said signal and
extracting a si ggglcor]; ?I;]ges érgngeefénrlg\gal means (MPB,, -, MPB,, ADDB, 4)

removing an interference signal component from said received signal with a

synchronous position detected by said correlation synchronization detection

D

15 means as a start position.

2. Aradio receiving system (1) receiving a signal from a mobile
terminal unit with a plurality of antennas (ANT}, --. ANT:), comprising:
weight vector calculation means (4) calculating a weight vector
20 corresponding to a desired mobile terminal unit every frame of received
said signal;
storage means (3) storing said calculated weight vector;
first signal extraction means (MPA,, -+, MPA,, ADDA) applying said
weight vector of a precedent frame stored in said storage means to a frame
25 of newly received said signal and extracting a signal from said desired
mobile terminal unit;
correlation function calculation means (5) calculating a correlation
function of said extracted signal and a prescribed reference signal;
synchronous position detection means (6) detecting a time position
30 where said correlation function peaks as a synchronous position; and
second signal extraction means (MPBy, -, MPB., ADDB) applying
the weight vector of the frame of said newly received signal calculated by
said weight vector calculation means to the frame of said newly received
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nobile termnal unit; correlation function cal cul ati on neans (5)
calculating a correlation function of said extracted signal and a

"prescribed reference signal; synchronous position detection neans (6)
detecting a tinme position 30 where said correlation function peaks as a
synchronous position; and second signal extraction neans (MPBl, , MPB.

ADDB) applying the weight vector of the frane of said newy received
signal calculated by said weight vector calculation nmeans to the franme of
said newy received -26 signal for extracting and outputting the signal
fromsaid desired nobile termnal unit, wherein said weight vector

cal cul ati on neans cal cul ates the wei ght vector of the frame of said newy
recei ved si gignlal bt bxtvactingemeodwtpustingthesigrsal frpusiaid diesiredamebide t

posi ti on. g system (1) receiving a SI gnal froma nobile
term nal um?rmnf}ﬂ “qnéfl urg%/elﬁy of antennas (ANTI, npri si n%;

wei ght vector calseid weight vasterscalaylagignomeans nglculart@s éh@ W/QégtheCtﬂ?D 0
cor r espondi reg? e g?%éf(FHe\UEbiéc@nﬁe‘ﬁrﬁFgﬁi withi dai\Rit¥cteAdyacRiodqeei ved

said signa I rst stora nmgans ring said cal cul ated wei ght vector;
node sét ne@ﬁ§1t{%a%étstt?’%§?%§”§%chron| zation capture node or a
-synchroni zati on prot ection node; 15 first signal extraction neans (I\/PAl,

1115t stor age. mdhs 4 ndio RN WER (B relhif G St ORT FLRS 10 =o€
extracting aesniyaludit ovitls ai plurakity ofoan teoiials dANF i n N T, cOMPrisingy
synchroni zati on %FH %e%&j%lc%?{iﬁ?ﬂ zﬂ#& {42@%h?&1§§'a%bf§h‘t%cﬂﬁ‘ans (5)

calculating a corré | on unc e Si tract.ed aid
first ¥ gnalcossespandingitona desiradaebil qaveéganabealtr@reéy esqf@fﬁ%ﬁlvs? sai d
synchroni zatd,on¢ ure node; synchronous p05|t|on detection neans (6)

detecting a'tine position Wnere aid corre Aoatlo anctlgg g aks as a
synchronous posi t nsﬁsrwagamearssy stgang aatdealeulated VegAhT:second

storage means (3)m&d@kbitedak9rsdteiviced spydinioniainioh gastiutre amode or a
synchronization protection mode;

15 first signal extraction means (MPA;, --, MPA,, ADDA) applying said
weight'vector of a precedent frame stored in said first storage means to a
frame of newly received said signal and extracting a signal from said
desired mobile terminal unit in said synchronization capture mode;

correlation function calculation means (5) calculating a correlation

20 function of the signal extracted by said first signal extraction means and a
prescribed reference signal in said synchronization capture mode;

synchronous position detection means (6) detecting a time position
where said correlation function peaks as a synchronous position in said
synchronization capture mode;

25 second storage means (3) storing said detected synchronous position;

second signal extraction means (MPBy, -, MPB., ADDB) applying
the weight vector of the frame of said newly received signal calculated by
said weight vector calculation means to the frame of said newly received
signal for extracting and outputting the signal from said desired mobile

30 terminal unit; and

error determination means (8) determining whether or not the signal
extracted by said second signal extraction means has a receiving error,
wherein
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second signal extraction neans (MPBl1, , MPB., ADDB) applying the weight
vector of the frane of said newy received signal calculated by said

“wei ght vector calculation neans to the frane of said newy received signal
for extracting and outputting the signal fromsaid desired nobile 30
termnal unit; and error determ nation neans (8) determ ning whether or not
the signal extracted by said second signal extraction neans has a
receiving error, wherein -27 said weight vector cal cul ati on neans
cal cul ates the weight vector of the franme of said newy received signa

wi th the synchronous position detected by said synchronous position
detection neans as a start position in said synchronization capture node

or with the syn?B&Mﬂngghre%'bﬁer!alc&ﬂineﬂ hedrs sa!cdla&esghdmmtag@tmaﬁds as a
start pOSItIOI’l InN Sa Sync roni zat i,on rotecti on e n node set
nmeans sets @a@&%eﬁ%ﬁi%‘(' &?CﬁySg@&@‘gnwﬁﬁJi‘W@%Br%%?‘gs g?srig?g_ .

det er ni nat i @eteveadby daidsyndasnbuapositionedétection eneans amashant position In

synchroni zatjion capture e, \whi | e nai L4 ' SERLY Do i 40
capture md@%@ﬁ@ipﬁlz@?%grca%{dé Irjnlrgrziiae{b &W@gﬁ?ﬁ‘g@r mn Igéytlﬁgl? S l?cﬁgr e iIs
an err&r i nisaaul sscondrstonagstmeans aprstartperitigndngsid sgaghronization

-synchroni za wﬂécﬁﬂﬁtx%&e when said error determ nation neans
conti nuouslgl) detérnines that there is an ertor jn .exces%%ﬁf a r%sclé%rped
nunber of times SAlGBIodesehaanF seis eR}zgo 1% nt arni ng

15 sai d synghiPairda detinbinitRa! meansddeernmiees thatl tieress mcentonimbard of
times is not reached in said synchroni.zatio { . AL radi o
recei ving sy¥pedrqnization CARFUTE o@er ﬁaléfe W?b‘ﬂqaiﬁﬁ%%lg%{l gir? %&Héénﬁﬁi t with a
pl uraligy ofcaptiremoede WANISsaid ek Jetermripation myeaxpdessryiiney thaigthere
cal cul ati on.peans, (4) o ' e ding to a
desired nobif ém“[eé?&[)i i{égﬁﬁln&n%é\&/%gzalr ar(rzgggfl\le‘relgltgg%vae éegcg?)gms] ignal; first
st orage neamsyn¢Byorszatiomgapting na ¢ WhenespiAsEon d?/t@&néﬁ?tmﬂﬁ’a Rt neans
(9) setting g3,EHRONERNE&R RS BRIt UWhRr&RI8n @rét in2éxR¥8 61A Presaibah
protection oa6: . ) . L , . e
number of times in said synchronization protection mode while maintaining
15 said synchronization protection mode when said prescr_ibed number of
times is not reached in said synchronization protection mode.

4. Aradio receiving system (1) receiving a signal from a mobile
terminal unit with a plurality of antennas (ANT, . ANT:), comprising:

20 weight vector calculation means (4) calculating a weight vector
corresponding to a desired mobile terminal unit every frame of received
said signal;

first storage means (3) storing said calculated weight vector;
mode set means (9) setting a synchronization capture mode or a
25 synchronization protection mode;
first signal extraction means (MPA;, -, MPA., ADDA) applying said
weight vector of a precedent frame stored in said first storage means in said
synchronization capture mode or the weight vector of the frame of newly
received said signal calculated by said weight vector calculation means in

30 said synchronization protection mode to the frame of said newly received

signal and extracting a signal from said desired mobile terminal unit;
correlation function calculation means (5) calculating a correlation
function of the signal extracted by said first signal extraction means and a
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first signal extraction neans (MPAI, , MPA., ADDA) applying said weight
~vector of a precedent frame stored in said first storage neans in said
synchroni zati on capture node or the weight vector of the frame of newy
recei ved said signal calculated by said weight vector calculation neans in
30 said synchronization protection node to the frame of said newy received
signal and extracting a signal fromsaid desired nobile term nal unit;
correlation function cal culation nmeans (5) calculating a correlation
function of the signal extracted by said first signal extraction neans and
a -28 prescribed reference signal; synchronous position detection nmeans (6)
detecting a tine position where said correlation function peaks as a
synchr onouspperibedefarnoedigtady age neans (3) storing said detected

synchr onous posi .| 0 ' ; i) AER POSI -,
A)II/)DB) appl yi I?\g %*2‘3%%’@?%? %\?/)g{gggf #%?e%lﬂgﬁ‘%%{rge{@;a sal %g%ﬁﬁérp ggg;ii‘d\jrgd
si gnal cal cwheresatd coryglationsiugietionaraals as:p SYNCHIOBROUTROTEINY the frane of

sai g geW! y & eceLy,ls&n@étﬁBQée {rﬁhn_@i@} ﬁ@gixilggsaad(ﬂe@etttedtswmhrdmﬂwsri@ﬂabn{ g ;)m
sai sired nobile jfermnpal, uni.t; an ror r s

det er m%ni ng whet ﬁ%?o‘ﬁf' SlﬁBPP g:ﬁt‘gagm%g}eargx@@@f,éa, @@%‘hm«@%ﬁg E@lggnal

'exlt raf:t i on mamig\hsxlr@ctorzoﬁthd frgnre ofsaid mimdyerbceisraddi@:algjaiculetﬂd)b)(’j y
cal cul ati on_neans. ' gd newly
Tecetved of gha weidtt Vet HeliABolTnd 3he YR Hahe of S8 AAEy ey

synchr onous sigmsl fonaxtracEogiamd ontansting the signal fyem saidslesiredgnphile

synchroni zatL.Qh; . de or with the synchronous position stored in
; AR EARIHE Carl P _S) ; : . \
sai d second storage neans as a start pgsition .in said Eénchro %zat.l on

prot edfl on node, earer deferminaizon meansd8) detarmining WhathRr gnnoLthe Fenal

protection e ctbEBy safl Sedof dedigRal eatadtidmnaidadi’ aenaseckivitignémes, t hat
there is no error in said synchronization capture node whil e maintaining

sai d synchr & on capture node when said error determnation neans
det erni nes that tsaéd eveiglst vecter calculaticsrningéany caloudatesdheoveighp veetor ®bde and

sets said  synchroni Fabl PReSAPHeR e M &t AldsRidHiondRE Gositial | on means

15 detected by said synchronous position detection means as a start position in
said synchronization capture mode or with the synchronous position stored
in said second storage means as a start position in said synchronization
protection mode, and

said mode set means sets said synchronization protection mode when

20 said error determination means determines that there is no error in said
synchronization capture mode while maintaining said synchronization
capture mode when said error determination means determines that there
is an error in said synchronization capture mode and sets said
synchronization capture mode when said error determination means

25 continuously determines that there is an error in excess of a prescribed
number of times in said synchronization protection mode while maintaining
said synchronization protection mode when said prescribed number of
times is not reached in said synchronization protection mode,

said radio receiving system further comprising means (12) comparing

30 the synchronous position detected by said synchronous position detection
means with the synchronous position stored in said second storage means
in said synchronization protection mode for updating the synchronous
position stored in said second storage means when the difference between
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25 continuously determ nes that there is an error in excess of a prescribed
nunber of tines in said synchronization protection node while maintaining
"said synchroni zation protecti on node when said prescribed nunber of tines
is not' reached in said synchronization protection node, said radio
receiving systemfurther conprising neans (12) conparing 30 the
synchronous position detected by said synchronous position detection neans
wi th the synchronous position stored in said second storage neans in said
synchroni zati on protection node for updating the synchronous position
stored in said second storage neans when the difference between -29. the
synchronous positions exceeds a prescribed magni tude. 5. A synchronization

detection ”ﬁié‘%éﬂoﬁoﬁ@ﬁb@iﬁo@l@&ix‘téé@ sypstsoribddlinagadtidel ng a signal froma
mobile termnal unit with a plurality of 5 antennas (ANTS, .. ANT.),

conprising steps of: provisionally an interference signal conponent from
recei ved said sBgndl symbhirexizatignodeteetion mwthgglnnmrafl@aecemlrtg Syshe

recel ved Si gialoq Sbl 60k all Boh AR Plorhifal Bhl KO SRAFEE cOMPONENt

and 10 renovi‘ng erence signal conponeni from said received signal
with the synoherrruu@NEsi-ti AN Tabtcoradsipg stepioicor r el ati on synchroni zati on

-detection as a S%)?B\trisfb‘i’r%iﬂé’i M interfefefdSiBNAN cémpoABn Eifioar Fégivetesdidd in a
radio receiving System 15 (1) receiving a signal froma nobile term nal
unit with as’pﬁr{ﬂllal ity of antennas (ANTS, . ANT.), conprising steps of:

‘cal cul ating a vweidebéctigeinieladiohesymehdomgationafdasd rextivesbsigaal t er ni nal
unit every frame, of,receivead id_si : | i | at ed wei ght
vector; 20 :§B§JVf%t%ﬁ?%ogﬁoﬁgedgfég‘g‘%ﬁ\%gt% %ﬁq{%% ggﬁ)zdrn %8@%1%? frane to, a

frame & new y memevireglapdnterfengnae signhleemnonent frem satthrgceiyeshsignal
desired nobig, A A [ GRI EGraltRA SybirbRizationsai d
extracted siwlgglthgﬁghgﬁlloﬁfrbgﬂss (ofggédfgg?egﬁﬁggssi gnal ; 25 detecting a tine
position wh ciindas arstertangssion.unct i on peaks as a

6. A synchronization detection method in a radio receiving system

15 (1) receiving a signal from a mobile terminal unit with a plurality of
antennas (ANT}, --. ANT:.), comprising steps of:

calculating a weight vector corresponding to a desired mobile
terminal unit every frame of received said signal;
storing said calculated weight vector;

20 applying said stored weight vector of a precedent frame to a frame of
newly received said signal and extracting a signal from said desired mobile
terminal unit;

calculating a correlation function of said extracted signal and a
prescribed reference signal;

25 detecting a time position where said correlation function peaks as a
synchronous position; and

applying the calculated weight vector of the frame of said newly
received signal to the frame of said newly received signal for extracting and
outputting the signal from said desired mobile terminal ur_1it, wherein

30 said step of calculating said weight vector performs calculation of the
weight vector of the frame of said newly received signal with said detected
synchronous position as a start position.
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synchronous position; and applying the cal cul ated wei ght vector of the
frame of said newy received signal to the frane of said newy received
‘signal for extracting and outputting the signal fromsaid desired nobile
termnal unit, wherein 30 said step of cal culating said weight vector
perforns cal cul ation of the weight vector of the franme of said newy
received signal with said detected synchronous position as a start
position. -30 7. A synchronization detection nethod in a radio receiving
system (1) receiving a signal froma nobile termnal unit with a plurality
of antennas (ANTS, . ANTn), conprising steps of: calculating a weight
vector corresponding to a desired nobile 5 termnal unit every frame of
recei ved sai d si gnal;sysichtéigation detedtion miethodvin ghtadve céaivingedysierg a

vec sa , ettlodin ghia die cea: sie
Sror v AN I ENR LN I
new y recei aettrgwisdANGnal. ANEn)egemacising stepsidfhal from sai d desired nobile

termnal unit in j ' | ngfg ; ' a
correlation func%alig{ﬁ&g?ygggWﬁ%%?%dg?ga&ﬁ?%%@laéf aal agérlg‘%sﬂcrﬁ{idgg% ref erence

si gnal i n s'éﬁréiliélyﬁhé‘ﬁﬁbﬁ‘reﬁtfr%me&ﬁﬁﬁféﬁl‘ée : S1888tecting a time position

‘where said correbgfrifsdidnatddatddenkighsveatod synchronous position in said
synchroni zati on c%leture node; istori ng ,said d(fe:_eCt ed synchronous position;

appl yi ng the cal 8¢HHE&R SHRS ZARQTHFARYMTE RROYS O SYPCUIGZaRAN " ocei ved

‘signal to tpeotecdo® moddesaid newly recei ved signal for extracting and

(0 t protbedon e ewl y I _ or et racting and
et o1 mi i ng. whot REPSHPE AAI0 SAFE WESAETABEL £ kBT frdlfioho MmN

: TS . . as a receivi
wher eilf sai dewlepecsiverhsaid agnaland eytractigsta sigoab froye sais %ﬂ&f mobilei on of

the weioht el vofic id'Gaill SERLMniaHiGn Raphire Megloved signal with said
det ect ed synchronous position_as a . start pgSIIIOH I n ar%llé-’ﬁé{]c roni zati on

capture 25 rode 6rlcWating aicarzelaiien funclion gheaid exEaste art

posi tion i npg&dctlibed reference signal in said synchronization capture mode;
detecting a time position where said correlation function peaks as a
15 synchronous position in said synchronization capture mode;
storing said detected synchronous position;
applying the calculated weight vector of the frame of said newly
received signal to the frame of said newly received signal for extracting and
outputting the signal from said desired mobile terminal unit; and
20 determining whether or not said extracted signal has a receiving
error, wherein
said step of calculating said weight vector performs calculation of the
weight vector of the frame of said newly received signal with said detected
synchronous position as a start position in said synchronization capture
25 mode or with said stored synchronous position as a start position in said
synchronization protection mode, and
said step of setting said mode sets said synchronization protection
mode when it is determined that there is no error in said synchronization
capture mode while maintaining said synchronization capture mode when
30 it is determined that there is an error in said capture mode and sets said
synchronization capture mode when it is continuously determined that
there is an error in excess of a prescribed number of times in said
synchronization protection mode while maintaining said synchronization

-31-



synchroni zati on protection node, and said step of setting said node sets
sai d synchroni zation protection node when it is determned that there is
‘no error in said synchronization capture node while maintaining said
synchroni zati on capture node when 30 it is determ ned that there is an
error in said capture node and sets said synchronization capture node when
it is continuously determned that there is an error in excess of a
prescri bed nunber of tinmes in said synchronization protection node while
mai nt ai ni ng sai d synchroni zati on 31 protecti on node when said prescribed
nunber of tines is not reached in said synchronization protection node. 8.
A synchroni zation detection nmethod in a radio receiving system 5 (1)

recei vi ng a motgeaionf mode avhasbsaid nreseiibed numhenefitimas p$ notréachedfinant ennas
(ANTS, . ANLalq s¢RER¥on$idiSorbhFfRtec@bn ntad£ul ating a weight vector
corresponding to a desired nobile termnal unit every frane of received
said signal; storing said cal culated weight vector; 10 setting a

synchroni zati on @&ptAsgnéiehiitién dyisebivanhstiddin a Rh&icSEdcein fefstem

appl yi sai(q st ored vveii%ht ¥ect or o{). atgrece ent. fr.ﬁ}rre N %fatidf

synchr ohi zatTORCEARRE &SRBk Ihpm 2 mabile texmial Ptk With AP t he frame
of new y recaitesdas 4ANTR| gndNTH), smnprisingstepaiofat i on protecti on node to
the 15 franme of [ Vi : ' d ' . Sl afrom said
desired nobil e.fc%!rl%ﬂﬁglwguan?@?&ctye%@a (?g&pg%tg%?g& gﬂ%ﬁ?&ﬁ?%%%n of said

{1 ng
vadesnid sign@lal ; detecting a tine

“extracted sit§FAINananig evpreiame ekbrecei
posi tion where sajtgria@lsatd shlcalatbdedicRD vBeRKS as a 20 synchronous

positipn; storing said detected synchronous pasition; applying the

cal cul ’gd]ed wei ghtse\t;féeg@rsydyc%m@zp laﬁé:a&tugeam%ﬁéamsm@ep 19 gnal to the
frame of saipkobestion medej ved signal for extracting and outputting the
signal from said degired rrgbileéiter hna

( ( " L vI ni tf; alnd §5n dﬁt er n}nnéar}% whet her
or not said extra‘a'c,ptp811155%2}'}Is?f%f3 ¥ e.eGP‘FFgO a precedent irame
synchronization capture mode or said calculated weight vector of the frame
of newly received said signal in said synchronization protection mode to the
15 frame of said newly said signal and extracting a signal from said desired
* mobile terminal unit; |
calculating a correlation function of said extracted signal and a
prescribed reference signal;
detecting a time position where said correlation function peaks as a
20 synchronous position;
storing said detected synchronous position;
applying the calculated weight vector of the frame of said newly
received signal to the frame of said newly received signal for extracting and
outputting the signal from said desired mobile terminal unit; and
25 determining whether or not said extracted signal has a receiving
error, wherein
said step of calculating said weight vector performs calculation of the
weight vector of the frame of said newly received signal with said detected
synchronous position as a start position in said synchronization capture
30 mode or with said stored synchronous position as a start position in said
synchronization protection mode, and
said step of setting said mode sets said synchronization protection
mode when it is determined that there is no error in said synchronization
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error, wherein said step of calculating said weight vector perforns

cal cul ation of the weight vector of the frane of said newy received
"signal with said detected synchronous position as a start position in said
synchroni zati on capture 30 node or with said stored synchronous position as
a start position in said synchronization protection node, and said step of
setting said node sets said synchronization protection nobde when it is
determ ned that there is no error in said synchronization -32 capture node
whi | e mai ntai ning said synchroni zati on capture node when it is determ ned
that there is an error in said synchronization capture node and sets said
synchroni zati on capture node when it is continuously determned that there
is an error captwecmsde othile pragstaininegisaidrdyexchodnization captwresmiode when
synchroni zat:j i I i i.ni i I pan
R S e e eyt

sai d synchr @wdzsath saidscheonizationraptyse modernvhen it isgandinumtstet i on net hod

further comyei&imihed Sa@Rhefe isCAIBAIrAA kdbsh 64 pEéRILRANGIIBEPBE tiRRS t 1 oNn
with sg d stored S}/rlil hronoax osi tion, in, sai daﬁénchromz tion

s 10
protectd on ABAEd § 017 &%ﬁ?%ggtewwdseywb £IRBILAHYRESAN when t he
-di f f erence bghekeomitiidors pectectionusodeodien said presadosl auptbes of ithnaes is

magni t ude. nso% reached in said synchronization protection mode,
said synchronization detection method further comprising a step of
comparing said detected synchronous position with said stored synchronous
10 position in said synchronization protection mode for updating said stored

synchronous position when the difference between the synchronous
positions exceeds a prescribed magnitude.
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