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Technical Flel

The present invention relates to a synchronous
acguisition search method and receiving apparatus in a
reception scheme of a CDMA (Code Division Multiple
Access) mobile communication system and, more
particularly, to a synchronous acquisition search method
and receiving apparatus which use a plurality of
searchers whose search ranges are arbitrarily set in
accordance with the states of reception paths.
2. Background Art

Recently, a great deal of attention has been
paid to a cellular telephone system of the CDMA scheme
in which spread spectrum processing of a carrier wave is
performed by using a pseudo random code as a spreading
code, and the pattern or phase of the code sequence of
the spread signal is changed to allow multiple access.

In a cellular telephone system of this CDMA
scheme, the correlation start position of a received
spread signal must be determined at high speed. Once
this initial synchronization is acquired, control needs
to be performed to always maintain synchronizétion for

correlation computation by performing tracing to match a
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25 torbe performed to always maintain synchronization for correlation
conput at.iton by performng tracing to match a chip timng with path jitter
variations caused on a radio channel. In a general nobile conmunication
system the influence of nulti-path fading poses a serious problem 5 The
CDMA schene uses a RAKE reception schene to positively and effectively use
such nulti-paths. This RAKE reception schene uses a plurality of fingers
for performng reception processing in correspondence with a plurality of
mul ti - pat hs cnip steEmioie el florpaenef st targ d irseiciepis aadded ngs.a Af t er
reception processing, the resultant signals are conbined. As described
above, sear oteatio eglanussl. to  perform synchroni zation acquisition of a
reception signal and obtain a reception timng fromthe delay 15 profile
of a multi-path. Fig. ¥nsaocgsnehel chokbpe efmpemieatiurspseemsedrehers to
explain a conventional search nethod. Referring to Fig. 7, a reception
signal 1 is idEhkuense ofhmpkiitRaldi Sbinthdraser) a Ferdquf QUIpPIeMwi t chi ng
unit 20 2, and one searcher is assigned to each of users 13 to 15. For
exanpl e, 2t hé['r}?e&%rseﬁf"i‘% URES dhtPRE HeRePQD sAPem)to t he searcher 71

| s assigned toosjfthieve"fye rar# eégéetivae dy tuhsee Sseuacrhc rr]n(:‘:Jrl‘c7i2-pias‘chass.Si gI@leids to the
user #2 (155 g
RAKE reception scheme uses a plurality of fingers for
performing reception processing in correspondence with a
plurality of multi-paths and searchers for generating
10 reception timings. After reception processing, the
resultant signals are combined.

As described above, searchers are used to
perform synchronization acquisition of a reception
signal and obtain a reception timing from the delay

15 profile of a multi-path.

Fig. 7 shows the concept of general-purpose
searchers to explain a conventional search mefhod.
Referring to Fig. 7, a reception signal 1 is sent to a
plurality of searchers 70 to 72 through a switching unit

20 2, and one searcher is assigned to each of users 13 to
15. For example, the searcher 70 is assigned to the
user #0 (13), the searcher 71 is assigned to the user #1
(14), and the searcher 72 is assigned to the user #2
(15).

25 Fig. 8 shows the overall arrangement of a

receiving apparatus using the conventional search method.



25 Fig. 8 shows the overall arrangenment of a receiving apparatus using the
convent fonal search nethod. 2 Y Fig. 8 shows only a portion correspondi ng
to one user. Referring to Fig. 8, a radio signal propagating through a
radi-o channel is received by a receiving section 20 through an antenna.
This reception signal is converted 5 into a digital signal by an
anal og/ digital conversion section 21 connected to the output stage of the
recei ving section 20, and beconmes a baseband signal. This signal is sent

to a multi-patd @ Eessd hiSed ipPtti%h dotriet®ofdinig- Rat bner @eessi Ng
section 80, the input 10 digital signal (baseband signal) is sent to a

plurality ®effamgarg sectRions 881 aMriadhi cperifgnah propegaitind dhremgh of a
plurality of reception paths and a searcher section 82 which generates a
reception tiannegliol ehdnneeriss esdedvedd byt laerepeifvdng secddono20pr ocessi ng
in 15 accordance with a reception path timng as an output fromthe

sear cher sedtirongp anianresgept | hisi gegdepddoputsd gpedcdsseonyentied fi nger
sections 81 are sent to a RAKE conbi ning section 23 to be conbined. The
resul tanp siigi®l § digifhal ignad dvgedl amedeed dilgd tadc Cosversiod be
decoded. The operation of the conventional searcher section 82 shown in

Fig. 8 will €& rdhePIRafditon theePatite 5t396 @ dhen the

conventi onal searcher , .
recé}v1ng section 20, and becomes a baseband signal.

This signal is sent to a multi-path processing section
80. In the multi-path processing section 80, the input

10 digital signal (baseband signal) is sent to a plurality
of finger sections 81 which perform processing for each
of a plurality of reception paths and a searcher section
82 which generates a reception timing. The finger
sections 81 then perform reception processing in

15 accordance with a reception path timing as an output
from the searcher section 82.

The reception signal outputs processed by the
finger sections 81 are sent to a RAKE combining section
23 to be combined. The resultant signal is sent to a

20 signal processing section 24 to be decoded.

The operation of the conventional searcher
section 82 shown in Fig. 8 will be described below with
reference to Fig. 9. In the conventional searcher
section 82, the entire cell radius is set as a search

25 range 90. An entire delay profile 40 is searched by

using the single searcher section 82.



section 82,

cannot be known. For t@®

the entire cell radius is set as a search 25 range 90. An
enti're delay profile 40 is searched by using the single searcher se
82. Multi-path in nobile conmunication has the follow ng tw featur
Mul ti -path occurs in a relatively narrow range at considerably freq
i ntervals.
be nmade in a narrow range. 0 In nobile comunication, an abrupt cha
reception state inevitably occurs when, for exanple, a nobile stati
moves into the shadowailei byt N9 Meb ik tdwmmirkicativrs pentenon is
cal | ed shadow ng, which does not occur very often. However, in this
phenonenon, folillowiddertiwo Magansd:hat a signal cannot be received at
precedi ng reception tinmng, and the position where a new path will

This range 5 does not quickly changes. A search nust the

searched. That is, the behavior of nulti-path in nobile comunicati
i ncl udes t haaagey @t wernsorteralila dneduentudiaderyaly.sclTdsiy &agfge nvent i on
(Problemto be Solved by the Invention) 20 In_the conventional netho
whi ch pr3ces$iesy nots PeGidnhedhangassi nd GfanGpaUst dderafare pe

deterioration in accuracy occurs as the hardware or software scale
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@ 1In mobile communication, an abrupt change
in reception state inevitably occurs when, for example,
a mobile station moves into the shadow of a building or
the like. This phenomenon is called shadowing, which
does not occur very often. However, in this phenomenon,
it suddenly happens that a signal cannot be received at
the preceding reception timing, and the position where a
new path will appear cannot be known. For this reason,
the entire cell radius must always be searched. That is,
the behavior of multi-path in mobile communication
includes the above two contradictory features.

3. Disclosure of Invention

(Problem to be Solved by the Invention)

In the conventional method in which processing
is performed by using one type of searcher, a
deterioration in accuracy occurs as the hardware or
software scale of the searcher increases or the
processing delay increases.

It is, therefore, an object of the present

invention to provide a search method and receiving

ction
es: O
uent
refore
nge in
on

t he
appear

S Muddsiopaths oclemrentinr @ gelllatriailys narsiowal ways be

on
din

of the



25 It ris, therefore, an object of the present invention to provide a
sear'ch nethod and receiving 4 apparatus in a CDVA nobil e conmuni cati on
teception schene which exhibit higher accuracy than the prior art. (Means
of Solution to the Problen) 1In order to achieve the above object, 5
according to the present invention, two types of searchers, i.e.,

narr ow search-range searchers and w de-search-range searchers, are set out
of a plurality of groups of searchers in accordance with the features of

the two typespphratihsi1pas hepdesrsbPES cdighiddtidh Atddptiyfls, a search

met hod and receiving apparatus in the CDVA nobile comrunication reception

scheme accor siéhgné owlifiéh PeLSEL t | IVEHET Mtdiract Nafactend a6 dh 4@t one
wi de-search-range cell searcher which searches the entire cell radius and

one 15 or nore narrow $Maanb- ongeldeioy Breie BesbTdarfs whi ch
respectively search a plurality of nulti-paths are assigned, out of a
plurality of groups of Iseardbert¢ achiewe rtsecisene cojédit f he respective
users in accordance with the nmulti-path condition. 20 More specifically,
in a recéptideceching vd thé BN hobiven tomurtiveattiyresyst em which is
constituted by a receiving section, an anal og/digital conversion section,
a control set?REFREES pllrdl i tYRBFOV sRATHET G isanchens gl ity of finger
sections, awide-search-range searchers, are set out of a plurality
of groups of searchers in accordance with the features
of the two types of multi-paths described above.
10 In other words, a search method and receiving
apparatus in the CDMA mobile communication reception
scheme according to the present invention are
characterized in that one wide-search-range cell
searcher which searches the entire cell radius and one
15 Oor more narrow-search-range delay spread searchers which
respectively search a plurality of multi-paths are
assigned, out of a plurality of groups of searchers, in
correspondence with the respective users in accordance
with the multi-path condition.
20 More specifically, in a reception scheme of
the CDMA mobile communication system which is
constituted by a receiving section, an analog/digital
conversion section, a control section, a plurality of
searcher sections, a plurality of finger sections, a

25 RAKE combining section, and a signal processing section,

the control section sets the search width offset value



25 RAKE conbi ni ng section, and a signal processing section, the control
sect’ion .sets the search wdth offset value 5 T to O to assign one cel
searcher, and sets the entire cell radius as a search range. In addition,
in order to assign delay spread searchers, the control section cal cul ates
the nunber of 5 peak levels equal to or higher than a threshold from
effective path timng information on the delay profile of the reception
signal output fromeach of the searcher sections so as to determne the
nunber of neeessabyasd8ebayoapr eadllseancbhes, #ha eemkr dheseaties al so 10
calculates the width of peak levels equal to or higher than the threshold
fromthe efé&etli vadpashati al sgarchf pangei.on so as to determ ne the search
range of each delay search searcher. In addition, the control section

cal cul ates the positidm @dditdost,arin tondiexy tof asisd gpedle LBy |sprelasl equal to
or higher than the threshold fromthe effective path timng information so
as to deterataschhss,sthet cppitiplofechdoBegréRuUSpELEt tBR BEMBEENOHel ay
spread searcher. This nakes it possible to prevent an_increase in
processitng BepkyleNglsesAbRLetri EFchipheni theRi ghthoesbedradyoBnd on
reduced hardware and sof re. scales. If.a new cell _searcher ot del ay
spread sea?ﬁﬁ@Ftﬁﬁ§tpﬁéhggéméﬁgdlﬁzofﬂétﬁﬁﬁbBP euggﬁgyoproﬁﬁﬁﬁi-paths

' ncreases “Q%'%h%'Ea%@%ti%%r%QakglaB%t%%%dfrom each of the searcher

sections so as to determine the number of necessary
delay spread searchers. The control section also

10 calculates the width of peak levels equal to or higher
than the threshold from the effective path timing
information so as to determine the search range of each
delay search searcher. In addition, the control section
calculates the position of the start timing of the peak

15 levels equal to or higher than the threshold from the
effective path timing information so as to determine the
start point of the search operation of each delay spread
searcher. This makes 1t possible to prevent an increase
in processing delay and search efficiently with high

20 accuracy and on reduced hardware and software scales.

If a new cell searcher or delay spread
searcher must be assigned as the number of users or
multi-paths increases while all the searchers are used,
the control section releases the delay spread searcher,

25 of the searchers that have already been assigned, which

exhibits the lowest degree of influence on each user.



the control section releases the delay spread searcher, 25 of the searchers
t hat have al ready been assigned, which exhibits the | owest degree of

i nfluence on each user. r This nakes it possible to realize nore effective
use ‘of searchers. In addition, the control section calculates a

barycentric position corresponding to the sumof the 5 products of pieces
of energy information and pieces of position information about a plurality
of paths which are equal to or higher than a predeterm ned | evel on the

del ay profi I'msi ©fmaled fyi s psessh srartcd efeal i npald @i ctaoid e toF prevent
the cal culated position fromfalling 10 out of the threshold of a search
range. Thi s gedmschets. possible to suppress a search error acconpanyi ng
changes in the position of a nobile station, resulting in an increase in
search accuracy. 4. Briefa@éstiompiitime ofoririani ngsctiforFicplduistes vda ew
showi ng the concept of a receiving apparatus to explain a search nethod
accordi ng taryeeprwbemositim icorreginpnding @ Wheclswl agr aheshowi ng t he
overall arrangenent of the receiving apparatus using the search 20 nethod
accordi n§ t PEIIGresethiPierrtebenenay ipformatdiosclend afeswssiodni ng t he

detailed arrangenent, of one searcher section using the search nethod
accor di ng t PHEL RBsEHROTPREIRT GPout a plurality of paths which

are equal to or higher than a predetermined level on the
delay profiles of delay spread searchers, and performs
control to prevent the calculated position from falling
10 out of the threshold of a search range. This makes it
possible to suppress a search error accompanying changes
in the position of a mobile station, resulting in an
increase in search accuracy.
4. Brief Description of Drawings
15 Fig. 1 is a view showing the concept of a
receiving apparatus to explain a search method according
to the present invention:

Fig. 2 is a block diagram showing the overall

arrangement of the receiving apparatus using the search
20 method according to the present invention;

Fig. 3 is a block diagram showing the detailed
arrangement of one searcher section using the search
method according to the present invention;

Fig. 4 is a view for explaining searcher

25 assigning operation using the search method according to

the present invention;



Fig. . 4is a view for explaining searcher 25 assigning operation using the
sear"ch net hod according to the present invention; 7 Fig. 5is a view for
expl ai ni ng search range noving operation using the search nmethod according
to ‘the present invention; Fig. 6 is a flow chart showing the overall 5
operation of a searcher using the search nethod according to the present
invention; Fig. 7 is a view show ng the concept of a conventional
searcher; Fig. 8 is a block diagram showi ng the overall 10 arrangenent of
a receiving apparatus BSgngsaiscanvest i borl espbaihingt sedircandaiyg. 9 is a
view for explaining the operation of a conventional searcher section in
Fig. 8. 5. BestinddepexfattCarn yusinduthe heedrnleme tdrod Sadvomsddoglitent of t he
present invention will be described belowwith reference to the

acconpanyi ngthelrvg seyst dnversiqnesent invention, the following two types
of searchers are defined, and the followi ng 20 operation conditions are set
for the respective seBt8hefsisoaifippengrarthehewvingwihg overalbns: cel

searcher: The search range is set to the entire radius of a target cell;
t he sear@h operation of a searcher using the search method

according to the present inventioﬁ;
Fig. 7 is a view showing the concept of a
conventional searcher;
Fig. 8 is a block diagram showing the overall
10 arrangement of a receiving apparatus using a
conventional search method; and
Fig. 9 is a view for explaining the operation
of a conventional searcher section in Fig. 8.
5. Best Mode of Carrying Out the Invention
15 An embodiment of the present invention will be
described below with reference to the accompanying
drawings.
In the present invention, the following two
types of searchers are defined, and the following
20 operation conditions are set for the respective
searchers to implement the following functions:

C) cell searcher: The search range is set to the entire
radius of a target cell; the search
resolution is low, and the time

25 required for a search is long.

@ delay spread searcher: The search range is a narrow



nesolution is low, and the tinme 25 required for a search is long. 20 del ay
spréad searcher: The search range is a narrow range in which one effective
hmul ti-path can be received; the search resolution is high, and the tine
required for a 5 search is short. Fig. 1 shows the concept of a receiving
apparatus which is used to explain a search nethod according to the
present invention. Referring to Fig. 1, a reception signal 1 is sent to a
plurality of searchers 10 3 to 12 through a switching unit 2. One of the
cell searchers 5, 10, and 12 and at | esfigeona afhidie dind afFfedrehers 3,

4, 6, 7, 8, 9, and 11 are assigned to each wuser. For exanple, for a user
#0 (13) shown in 15 Fig. 1, since a rengpti-pgatd greal eoMedeisrddyo si gnal s
that are sent through different reception paths and have different phases,
i.e., two multi-paths have occurred, tthe deanchspresad wEarcher hiiyhand 4
are assigned to the respective multi-paths. In addition to the two del ay
20 spread searchers described above, omnhd&dle dameiraaBirahdfiosdar ches t he
entire radius of a cell regardless of the nmulti-path condition is assigned
to the uSer. For a user #1 (14), since FAKCIM#K iShPKths have occurred in
the reception signal, the del a%/ spr ead .
Fig. 1 shows the concept of a receiving
apparatus which is used to explain a search method
according to the present invention. Referring to Fig. 1,
a reception signal 1 is sent to a plurality of searchers
10 3 to 12 through a switching unit 2. One of the cell
searchers 5, 10, and 12 and at least one of the delay
searchers 3, 4, 6, 7, 8, 9, and 11 are assigned to each
user.
For example, for a user #0 (13) shown in
15 Fig. 1, since a reception signal contains two signals
that are sent through different reception paths and have
different phases, i.e., two multi-paths have occurred,
the delay spread searchers 3 and 4 are assigned to the
respective multi-paths. In addition to the two delay
20 spread searchers described above, one cell searcher 5
that searches the entire radius of a cell regardless of
the multi-path condition is assigned to the user.
For a user #1 (14), since four multi-paths
have occurred in the reception signal, the delay spread

25 searchers 6, 7, 8, and 9 are assigned to the respective

multi-paths. In addition to the four delay spread



25 searchers 6, 7, 8, and 9 are assigned to the respective nulti-paths. In
addi"tion'to the four delay spread 9 r searchers described above, the cel
searcher 10 that searches the entire radius of a cell is assigned to the
user. For a user #2 (15), since one nulti-path has 5 occurred in the
reception signal, the delay spread searcher 11 is assigned to the single
multi-path. In addition, the cell searcher 12 that searches the entire
radius of a cell is assigned to the user. As described above, the nunber of
mul ti - pat hs sddraizeresdeepeived@nve hethreecmitl reesreat TOrtlesich user.

For this reason, for a user subjected to many nulti-paths, many del ay
spread sear cdrarckegiathe remudierrading hef railadlpdtshasaignsdignethe For a
user subjected to a small nunber of multi-paths, a small nunber of 15
del ay spreadiS®archers are assigned. Fig. 2 shows the overall arrangenent

of a receiving apparatus using the search nethod according to the present
invention. Fig. 2 showEoBnRyusehot?i bhd) cofiRep PR miul bl opetiyskas

Referring to Fig. 2, a radio 20 signal propagating. through a radi o channel
i s recei ged ocbi}‘g’é"?%c’é? Vi ZREER PR F A g B SetashiPredf s recepti on

:ieg'?ial)ni ?J%‘é’%&l’ﬁ%ﬂi ?:ie% a(ijsi&jgtnat-.!d Sticgrﬁlle bQling r}a 6rlrn:l ltoig-/pdairlg'ix.t aIInconver sion
addition, the cell searcher 12 that searches the entire
radius of a cell is assigned to the user.

As described above, the number of multi-paths

10 wvaries depending on the reception signal for each user.
For this reason, for a user subjected to many
multi-paths, many delay spread searchers equal in number
to the multi-paths are assigned. For a user subjected
to a small number of multi-paths, a small number of

15 delay spread searchers are assigned.

Fig. 2 shows the overall arrangement of a
receiving apparatus using the search method according to
the present invention. Fig. 2 shows only a portion
corresponding to one user. Referring to Fig. 2, a radio

20 signal propagating through a radio channel is received
by a receiving section 20 through an antenna. This
reception signal is converted into a digital signal by
an analog/digital conversion section (A/D) 21 connected
to the output stage of the receiving section 20, and

25 Dbecomes a baseband signal. This signal is sent to a

multi-path processing section 22,



to the output stage of the receiving section 20, and 25 beconmes a baseband
sigial. .This signal is sent to a nulti-path processing section 22. In the
mul ti-path processing section 22, the input baseband signal is sent to a
plurality of finger sections 26 and a plurality of searcher sections 27
for generating a reception timng. For each of a plurality 5 of reception
pat hs, the correspondi ng searcher section 27 obtains a correlation val ue
| evel while shifting the dispreading timng of the baseband signal little
by little, and desi gnahethanmoptirphthepepteonitg eogtion 20e the
correspondi ng finger section 26. For each of a 10 plurality of reception

pat hs, the ciornusjmsliband isigral sectsart 2o degdnasds tyhe hakishgd si gnal
at the reception timng designated by the searcher section 27, thereby
perform ng FaUCHITTH 4 RS A L vk ©F rasandier iseyarigectd o6 are
sent 15 to a RAKE conbining section 23 to be added together. The

resul tant sitfiEralinem Iereptighdinintesdian eadetdiorn P uralidydecoded.
The oper sections 27 is _controlled by a control

( %tigg%pf t he searcher | _
section 25. ot TR 2 peridts GiPTresRATGMB AT NRE AW the
g o G et i S AR o offie SR e e e Pt

dispreading timing of the baseband signal little by

little, and designates an optimal reception timing to

the corresponding finger section 26. For each of a

10 plurality of reception paths, the corresponding finger
section 26 despreads the baseband signal at the

reception timing designated by the searcher section 27,

thereby performing detection processing.

Outputs from the finger sections 26 are sent
15 to a RAKE combining section 23 to be added together.
The resultant signal is sent to a signal processing
section 24 to be decoded.
The operation of the searcher sections 27 is
controlled by a control section 25. This control
20 operation is performed on the basis of the following
four input signals:

@ P(i) input signal 60: the ith effective path timing
information on the delay
profile of the reception

25 signal output from each

searcher section 27;



25 si,gnal output fromeach searcher section 27; 10) E(i) input signal 61:
the®ith effective path energy information of the reception signal
processed by each finger section 26 (electric 5 field strength in the ith
effective path = Eb/10); QU input signal 62: the current reception
quality (current frane error rate) of a signal that is output from 10 the
signal processing section 24 and associated with a user U, and QoS(U)

i nput signal 63: the service quality (predetermned frane error 15 rate)
required for@ hé& (igerinputarsd gnedi stler ¢ei nith sffeemivet pathbeaergy
specifically, the control section 25 generates control signals for
classifying searchers into 20 two typasfamatimn idh-Bpedddeptsiady cher s
(cell searcher and delay searcher) fromthese input signals, and changes
control signals to optinally maintain S¥naletProgessed Y taRCkear chers.

Fig. 3 shows the detailed arrangenent of one 25 of the searcher sections
27 shown in Fig. 2. In this finger section 26 (electric

5 field strength in the ith
effective path = Eb/lo0);
@ 9(u) input signal 62: the current reception quality
(current frame error rate) of
a signal that is output from
10 the signal processing section
24 and associlated with a user
U:; and
@ Qos(U) input signal 63: the service quality
(predetermined frame error
15 rate) required for the user
U and registered in a
system data.
More specifically, the control section 25
generates control signals for classifying searchers into
20 two types of function-specific searchers (cell searcher
and delay searcher) from these input signals, and
changes control signals to optimally maintain the set
states of the searchers.
Fig. 3 shows the detailed arrangement of one
25 of the searcher sections 27 shown in Fig. 2. In this

case, this searcher section will be described as a



gase, 'this searcher section will be described as a searcher section 31.
Reféerring to Fig. 3, a baseband signal 30 sent fromthe A/D section 21 is
input to each of correlators 1 to n of a plurality of groups of
correlators 33, 5 together with the spreading code controlled by a search
wi dth of fset delay circuit 37 and search delay circuit 36, which are two
types of delay circuits of the searcher section 31. The respective
correlators 1 to n performdispreading at reception timngs that are 10

di fferent frowamamdy ddwetiditile by little. Qutputs fromthe respective
correlators of the plurality of groups of correlators 33 are respectively
input to adders 1 to Rebérmipgutal Fiy. of, gi obpsSelwdn@dsbgsaBizo &aeh adder
adds (integrates) a correlation value by a 15 desi gnated nunber of tines.
Qut put's frorhrtdme thes el isectiadderls iof dtripitplue adddly of apmegdsatafrsadders 34
are input to an effective path determ ning section 35. The effective path
det er m ni ng Isé& o33 et v ef gmmuppafelcaimelatdness¥.or a reception
timng with a high 20 |evel (searches for a peak) and determ nes whether to
set the ®orr Ih§igdt e sy eding icrdgaantrrd et fasctd \weaath

determ ning section 35 perfor nsjégqrot ection rocessi%to prevent frequent

changes i n tHEHEs Qirfifdnidoieedive Yatdhd drarch delzy wdmaitons in
evel . due t o fadngand SLLAN SIANGSS dd).y SISRAILQN Udg thereby
searcher section 31. The respective correlators 1 to n
perform dispreading at reception timings that are
10 different from each other little by little. Outputs
from the respective correlators of the plurality of
groups of correlators 33 are respectively input to
adders 1 to n of a plurality of groups of adders 34.
Each adder adds (integrates) a correlation value by a
15 designated number of times. Outputs from the respective
adders of the plurality of groups of adders 34 are input
to an effective path determining section 35. The
effective path determining section 35 searches the sum
correlation values for a reception timing with a high
20 level (searches for a peak) and determines whether to
set the corresponding path as an effective path.
The effective path determining section 35
performs protection processing to prevent frequent
changes in the assignﬁent of effective paths even with

25 variations in level due to fading and slight changes in

reception timing, thereby allowing stable reception of



signal:s. The information of a determ ned effective path is output as a
peaK tini*ng signal 32 to be supplied to a correspondi ng one of the finger
Sections 26, and is also output as the P(i) signal 60 to the control
section 25. 5 The control section 25 perforns first searcher assigning
operation on the basis of the P(i) signal 60 which is the ith effective
path timng information on the delay profile of the reception signal
output from each searcher section. On the basis of this effective 10 path

timng inforsbghans P(i Théi onpdrhdtideofatddernsitfdd W R tcalE Wales the
speci fic nunmber of peak levels equal to or higher than a threshold, the
speci fic wi disn owtptheapeakpeavet mmindiessgredl 3T 1oard ifappfiddestart
timng of each peak level, and the like. 15 The control section 25

det erm nes t¢ermespending oreeossarlye deirayers preead crearadherand riamdis nunber
of peak levels equal to or higher than this threshold, calculates a
search rangecwdpir ¥ ods sthymal (B4 s¥aml D 1o ditte afontthm peadctierel2s. and
calcul ates a search width 20 of fset control signal 65 fromthe start timng
of each Speak |evel. ATBfreafthglcoelet heme? Rtkrr B8Rz essearameadi ng
code for dispreading a baseband signal. This spreading code is supplied to

each correl AV PIIRLRE /M yRE R Llortheom @ atsdrarads &hr ough the
ts\igr fgpe\ém S]Ewr}hngc}c}g;f%i&g%?%/ ?Ierfcfgéti:ge apr:':lq:hsqcairmcirll]gde.éllna or(r:r:artcilgr;[ 0%16 whi ch are
the delay profile of the reception signal output from
each searcher section. On the basis of this effective
10 path timing information P(i) signal 60, the control
section 25 calculates the specific number of peak levels
equal to or higher than a threshold, the specific width
of the peak levels, the specific location of the start
timing of each peak level, and the like.
15 The control section 25 determines the number
of necessary delay spread searchers from the number of
peak levels equal to or higher than this threshold,
calculates a search range control signal 64 from the
width of the peak levels, and calculates a search width
20 offset control signal 65 from the start timing of each
peak level,
A spreading code generator 38 generates a
spreading code for dispreading a baseband signal. This
spreading code is supplied to each correlator of the

25 pPlurality of groups of correlators 33 through the search

width offset delay circuit 37 and search delay circuit



The search width offset delay circuit 37 determnes the start point of
seal"chi ng operation by delaying a spreading code by a search wi dth of fset
the basis of the search width offset control signal 65. The

5 anmpbunt on

search delay circuit 36 delays the
wi dt h of fset del ay

spreadi ng code input fromthe search
circuit 37 little by little such that the dispreading
timngs of the respective correlators of the plurality 10 of groups of

correlators 33 differ fromeach other by a predetermned tine interval

The search && ashich cuid tvdh tatpes dft etaliaecidomitenr ch range of each

searcher section on the basis of the search range control signal 64. 15
Sear cher assi gni ng op€efke i seaxch gidtie cifseh detdapdciafcihie PTesent
invention will be described next wth reference to Fig. 4. Fig. 4 shows a
case for théetggamings (thy st point TiHe sesnahdmg: opegmiticon iy ming of a

radi o transceiver station (BTS) indicates 20 propagation delay = 0 with
ref erence t feffyingt pisRiicading fpds he praraly v dtds midisato a reception

signal wt
effective p
In this cas
cell search
and 4 to th
sear cher se

10

15

20

25

h a delay profile 40, the nunber of paths (the nunber of
B0t iR e

Ithe RAsis gferthenseatmd yedth |offdet Iradald is two.

< L0 t 25 i on .25 assi th her 5 set
Baondy #e The ey Faay PR O e soar chor s 3
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circuit 37 little by little such that the dispreading
timings of the respective correlators of the plurality
of groups of correlators 33 differ from each other by a
predetermined time interval. The search delay circuit
36 also determines the search range of each searcher
section on the basis of the search range control signal
64.

Searcher assigning operation using the search
method of the present invention will be described next
with reference to Fig. 4. Fig. 4 shows a case for the
user #0 (13) in Fig. 1. The reference reception timing
of a radio transceiver station (BTS) indicates
propagation delay = 0 with reference to the reception
timing of the BTS. With respect to a reception signal
with a delay profile 40, the number of paths (the number
of effective paths) equal to or higher than the peak
level threshold is two. 1In this case, the control
section 25 assigns the searcher 5 set as a cell searcher,

and the searchers 3 and 4 set as delay spread searchers



search width offset 44 to O so as to set a search range 41 to the entire
radi*us of a cell. The searcher 3 set 5 as a delay spread searcher operates
With a search width offset 45 and search range 42 as shown in Fig. 4 to
search for the first path. Likew se, the searcher 4 set as a delay spread
searcher operates with a search wwdth offset 46 and search range 43 as
shown in Fig. 4 so as 10 to search for the second path. The control section
25 control s each searcher in this manner. Since the nunber of searchers is

linmted in thearhrgdves eci@seespestive e frticald pwalcher or del ay spread
searcher nust be assigned as the nunmber 15 of users or nulti-paths

increases while all thPhessascbiees RIsetisesl, atdel edddrSiyeasksead cher, of
the searchers that have al ready been assi gned, which exhibits the |owest
degree of i rdfdamricevioitleanifsmsterd4 sto rielseasad t2@edb a meadtich aasee t he
control section 25 calculates the degrees of influences of assigned

sear chers orfledch theerenhirharatigis of a leelflol | Ghiengearnhes f3actedr s:

QS(U): the service quality (predetermined frame error rate) registered in
system dat a 3@ G reRFeat senrqiasr dper@teq Wlth ife se@ncdnwidddept i on

ual it current frame
9 y ( offset 45 and search range 42 as shown in Fig. 4 to

search for the first path. Likewise, the searcher 4 set
as a delay spread searcher operates with a search width
offset 46 and search range 43 as shown in Fig. 4 so as

10 to search for the second path.

The control section 25 controls each searcher
in this manner. Since the number of searchers is
limited in the hardware resource, if a new cell searcher
or delay spread searcher must be assigned as the number

15 of users or multi-paths increases while all the
searchers are used, the delay spread searcher, of the
searchers that have already been assigned, which
exhibits the lowest degree of influence on each user is
released.

20 In this case, the control section 25
calculates the degrees of influences of assigned
searchers on each user on the basis of the following
three factors:

@ QoS(U): the service quality (predetermined frame

25 error rate) registered in system data and

required for the user U;



error. rate) of a signal output fromthe signal processing section 24 and
assdciated with the wuser U and 5 (c) E(ds): the energy information in the
effective path of a target delay spread searcher (electric field strength
in the effective path = Eb/l10). Letting DS be the degree of influence on a
searcher that has already been assigned to a user, and 10 DSm n be the

m ni mum val ue of DS, the m ninmumvalue DSm n is obtained by cal cul ating
equation (1) given below with respect to all delay spread searchers in al
users: DSmi 2= BIN)(QaBeUrurrenlt) reEegs)ipn Hbaflatyal(cubreant #hlamés ... (1)
The control section 25 operates to release the delay spread searcher
correspondi ng to DSm remrotr asstiegn oft e siginsdls edityerr dirom tthea sigmalser or
mul ti-path. 20 Search range novi ng operation using the search method of

t he present invention middedssirdesadiian Pelktandyiassaaifatreshoel thy tieys. 5A,
5B, and 5C. Protection processing is perfornmed for each searcher to
prevent frequent chantfe¥ ity t3 assi gnnent of effective paths 25 even with

vari ations k@ the | evel of a reception signal A due to fading and slight
changes Pn r&cepfPEA it thengherey ABREYBALIQNBi tBesedfrsh sy @8theyond

hi r ion pr ing after rcher i i gn
this protection p ocess] agta}m:tge(yc %eslea%( Csp%:‘ea Assl e%:d’(eaﬁectric

field strength in the effective path = Eb/Io).
Letting DS be the degree of influence on a
searcher that has already been assigned to a user, and

10 DSmin be the minimum value of DS, the minimum value
DSmin is obtained by calculating equation (1) given
below with respect to all delay spread searchers in all
users:

DSmin = MIN[(QoS(U) - Q(U))xE(ds)]
15 for all U
for all ds .. (1)
The control section 25 operates to release the
delay spread searcher corresponding to DSmin and assign
the released searcher to a new user or multi-path.

20 Search range moving operation using the search
method of the present invention will be described next
with reference to Figs. 5A, 5B, and 5C. Protection
processing is performed for each searcher to prevent
frequent changes in the assignment of effective paths

25 even with variations in the level of a reception signal

due to fading and slight changes in reception timing.



delay profile greatly varies and falls out of the search range of the
searcher, resulting in a decrease in search 5 accuracy. The contro

section 25 therefore obtains a barycenter PC of the delay profile, and
controls the search range of the searcher in accordance with variations in
the position of the barycenter PC. First 10 of all, the barycenter PC of
the delay profile is obtained on the basis of the followng three factors
by wusing equation (2): N the nunber of paths equal to or higher than a

predet er m nag | airlevdt ! he nfANE FRIMGOMOMoVesl hedndy thfead searcher (the
nunber of effective paths); PM the ith effective path position

I nf or mat i on patotddtel alelmo quaire affued EMsdadieherh i'sefafsedigned ,pat h ener gy
information 20 (electric field strength in the ith effective path = Eb/10)
on the del agdeirayf idmfild REdaXly) vwarl(@s) and f@d)ls but lodEr whentseareB of this
delay profile is constituted by barycentric energy informati on PcE and 25
barycent ri c naode iadh tihe reetdher ,Pawswitdnighdn leadgcae@siec ipo siepirgh
i nformati on PcWof the barycenter - 18 Pc is obtained by
5 accuracy.
The control section 25 therefore obtains a
barycenter Pc of the delay profile, and controls the
search range of the searcher in accordance with
variations in the position of the barycenter Pc. First
10 of all, the barycenter Pc of the delay profile is
obtained on the basis of the following three factors by
using equation (2):
@ N: the number of paths equal to or higher than a
predetermined level in the search range of a
15 delay spread searcher (the number of effective
paths);
@ P(i): the ith effective path position information on
the delay profile; and
@ E(i): the ith ‘effective path energy information
20 (electric field strength in the ith effective
path = Eb/Io) on the delay profile.

Pc=2E(i)xP(i) ... (2)

i-1
The barycenter Pc of this delay profile is
constituted by barycentric energy information PcE and
25 barycentric position information PcW, and the

barycentric position information PcW of the barycenter



PcW=:Pc + PcE ...(3) The operation of changing the search range of the
sear'cher.’i s obtained on the basis of the following 5 factors by using
equation (4) so as to match variations in the position of the barycenter
Pc: W _old: the search start position of the delay spread searcher before
the change; W _new the search start position of the delay 10 spread
searcher after the change; W the search range of the delay spread
searcher; and a constants ( a <13 ) if (PcWwk (W _old +ta W ) then W_new

15 = W _ol dpc [{W Mihindd ayr (3 )W2) - PcW else if (PcW (W_old + /3 )
) then W_new =W old + [PcW- (W _old + (a + (3 )W2) ] else then no
change in search F@ange kc .+ (BBE The above operation will be desdri)oed with
20 reference to Figs. 5A, 5B, and 5C. Fig. 5A shows the relationship
bet ween a del ay profil| Bh&boperatiomeyi mhanpgind tdssigpameht wdnge def ay
spread searcher and a search range 50 of the delay spread searcher.
Ref erring t dheFigparsfen icnlahtiadbned loar dentbeisdspedi thihen fed\Wasding 25
specified fromthe overall calcul ated value obtained by specified by
mul ti pl yPng figetanferlyy ysing mavadioand 4posa iaen tionfmertedy iV@T igft i@deh of
pat hs 51, 52, and 53
in the position of the barycenter Pc:
@ Wf_old: the search start position of the delay
spread searcher before the change;
@ Wf_new: the search start position of the delay
10 spread searcher after the change;
® W: the search range of the delay spread searcher;
and
@ «a, B: constants (a < B)
if (PcW<(Wf_old +a&W)) then WEf_new
15 = Wf_old - [Wf_old + (& + [B)W/2) - PcW]
else if(PcW>(Wf_old + B)) then Wf_new
= WE_old + [PcW - (Wf_old + (& + [B)W/2)]
else then no change in search range ...(4)
The above operation will be described with
20 reference to Figs. 5A, 5B, and 5C. Fig. 5A shows the
relationship between a delay profile 56 at the beginning
of assignment of a delay spread searcher and a search
range 50 of the delay spread searcher. Referring to
Fig. 5A, a calculated barycentric position PcW 54 is

25 specified from the overall calculated value obtained by

specified by multiplying the energy information and



equal. .to or higher than a predeterm ned | evel and adding the respective
product s.'t oget her. Qbviously, at the beginning of assignment of the del ay
spread searcher, 5 the barycentric position PcW54 coincides with a nedian
55 of thresholds 57 in the search range of the delay spread searcher, and
the delay profile 56 falls within the search range of the delay spread
searcher. Note that the control section 25 does not activate the 10
operation of changing the search range of the delay spread searcher while

the bar yceniggs s Ui fh deldscidaighirlie 905194 ondnge of the
threshol ds 57. Fig. 5B shows a case where the delay profile 56 shifts to

the left aftRfuaassigriemtidied Nnahb Lesdddidanmarausa 1t mdeidiggst ation
has greatly approached the radio station. Referring to Fig. 5B, the

barycentri c ghesitd spedicWé brdidts dalgethyof i lembbhushi f tax tthd he | eft
beyond the position range of the thresholds 57 in the search range of the
del ay spreadeingsare el .asHigromittr af sdet ideladb sptdadtsessartider ,oper at i on
of changing the search range of the delay spread searcher. The contro
section 25 d$hief thanywen tygia degidiign FEW54 o idedide ssprigdd asewddlaey to t he
| eft by the value obtained by subtracting the barycentric 25 position PcW
54: the val 3 &Ff pwesthalils ] dyp pihef isemradp Hange afe thedidedays: W ol d +
(a + a)W2 of the thresholds 57 in the search range of the delay spread
sear cher as SPHGEGSERIR Squdtbrihe e pyapraf ilen$6 falls within

the search range of the delay spread searcher. Note
that the control section 25 does not activate the

10 operation of changing the search range of the delay
spread searcher while the barycentric position PcW 54
falls within the position range of the thresholds 57.

Fig. 5B shows a case where the delay profile

56 shifts to the left after assignment of the

15 description because the mobile station has greatly
approached the radio station. Referring to Fig. 5B, the
barycentric position PcW 54 of the delay profile 56
shifts to the left beyond the position range of the
thresholds 57 in the search range of the delay spread

20 searcher. The control section 25 activates the
operation of changing the search range of the delay
spread searcher. The control section 25 shifts the
search range 50 of the delay spread searcher to the left
by the value obtained by subtracting the barycentric

25 position PcW 54: the value of PcW of the delay profile

56 from the median 55: Wf_old + (& + B)W/2 of the



control section 25 changes the search range of the delay spread searcher by
subtracti‘ng the above value fromthe 5 value of the search w dth offset
control signal 65 that controls the search width offset delay circuit 37.
Fig. 5C shows a case where the delay profile 56 shifts to the right after
assignnent of the description because the nobile station has greatly noved
10 away fromthe radio station. Referring to Fig. 5C, the barycentric
position PcW54 of the delay profile 56 shifts to the right beyond the

posi tion rangereéhéhes $hreshehéss&rim #ivyseaar ahd e 5yafs phesglel ay
spread searcher. The control section 25 activates the 15 operation of

changi ng t hessaatlcdr rangendicdthed dey aaquspiad( Sear cirest flhe €oat r ol
section 25 shifts-the search range 50 of the delay spread searcher to the
ri ght by thecomtuoel obtathed Dy cshirtgectting ddweratediarge 55 Me adallaty (a +
OW?2 of the thresholds 57 in the 20 search range of the delay spread
searcher frofpidrd peayceer rby Postitdon e WA akdwee vad e of récWhod  t he
delay profile 56 fromas indicated by equatlon (4). That is, the control
section 55 cHaHRsOF heheeseFCh angdth L RRE RATEE shreianaskefZHdraty addi ng
t he above value 25 to the value of the search width offset control signa
65 that contfIFErehe %%r%?ﬁW}HtW%?}T il delay @liicst ¥ The overal |

operation of a searche% USIQQ shows a case where the delay profile

56 shifts to the right after assignment of the
description because the mobile station has greatly moved

10 away from the radio station. Referring to Fig. 5C, the
barycentric position PcW 54 of the delay profile 56
shifts to the right beyond the position range of the
thresholds 57 in the search range of the delay spread
searcher. The control section 25 activates the

15 operation of changing the search range of the delay
spread searcher. The control section 25 shifts the
search range 50 of the delay spread searcher to the
right by the value obtained by subtracting the median
55: Wf old + (a + B)W/2 of the thresholds 57 in the

20 search range of the delay spread searcher from the
barycentric position PcW 54: the value of PcW of the
delay profile 56 from as indicated by equation (4).
That is, the control section 25 changes the search range
of the delay spread searcher by adding the above value

25 to the value of the search width offset control signal

65 that controls the search width offset delay circuit
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search method of the present invention will be described next with
reference to Fig. 6. Referring to Fig. 6, when a signal froma new user is
recei ved, the control section 25 for searchers is activated (step Al) to
check whether there is any unused searcher that can be assigned to the
user (step A2). 10 If there is no unused searcher, a delay spread

searcher exhibiting the | owest degree of influence obtained from operation
based on equation (1) is released (step A3). Wen an unused searcher is
prepared, t3¥%e control section 25 sets the avail able searcher as a 15 del ay
spread searcher or cell searcher (step A4). Thereafter, search processing
is perforned by using The sovesallheperainiom @phtd Ssancsengnesting Haeh fi nger
(step A5). The control section 25 checks the barycentric 20 position of

t he del ay spegatisamaidind ab theminusseatetinaentiom ariide e idegsssitedon fal | s
within the threshold of the search range (step A6). If the barycentric
position fa&ePE Wit refrrenfestolfdgt e control section 25 keeps the
search range unchanged. |f the barycentric position 25 exceeds the

threshol ¥, "the control REERTTHHI 25° Mov@s ¢ he" e el cHE IRy et HIM the Yol ay

opread, scar el e LU GRELFLL.N. YasRd o0 SHaiond 9,0 en ghove and

mul ti-path is activated (step Al) to check whether there is any
unused searcher that can be assigned to the user (step

A2).

10 If there is no unused searcher, a delay spread
searcher exhibiting the lowest degree of influence
obtained from operation based on equation (1) is
released (step A3). When an unused searcher is prepared,
the control section 25 sets the available searcher as a

15 delay spread searcher or cell searcher (step A4),
Thereafter, search processing is performed by using this
searcher, and a path is assigned to each finger (step
A5).

The control section 25 checks the barycentric

20 position of the delay spread searcher to monitor whether
the barycentric position falls within the threshold of
the search range (step A6). If the barycentric position
falls within the threshold, the control section 25 keeps
the search range unchanged. If the barycentric position

25 exceeds the threshold, the control section 25 moves the

search range of the delay spread searcher by the



condition t
det er m nes
Spread sear
spread sear

(step A9),
i nfl uence

hrough the del ay spread searchers and cell 5 searchers, and

on the basis of the nulti-path condition whether to add

a del ay

cher to be assigned to the user (step A8). In adding a del ay
cher, as in the operation fromsteps A2 to A4, it is checked
whet her there is any unused searcher that 10 can be assigned to the user

a delay spread searcher exhibiting the | owest degree of
obtained fromthe operation based on equation (1) given

above
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addi ng the
the end of

series of operations

t her eby

are repeated. After the comunication is conpleted,

this operati@mditian nikkauah (Biefielr) spxeadeseansdersh@nd cgddording to

i nvention, an i ncrease in processing delg% can be 25 prevented

t he present
by usi ng®a

e multi-path

narrOMfsearch r

f eat ures

to

ERRFRRT DN H¥d t@ﬁ?qli}'ﬁé‘sesofon $&r RSis
d h- h
plural 1y of° cﬂz”a%soe s rrihtic?e éi}?myﬁéeﬁaq” ’ SRERFRATo Pt he
nult that h 0GC rar)ed Th| kes |dtelp%55| bl e
“ahiid Ehs, Bsnoe G

provi de an

10

15

20

25

spread searcher, as in the operation from steps A2 to A4,

it is checked whether there is any unused searcher that
can be assigned to the user (step A9), a delay spread
searcher exhibiting the lowest degree of influence
obtained from the operation based on equation (1) given
above is released (step Al0) if there is no unused
searcher, and the available searcher is set as a
necessary delay spread searcher (step All), thereby
adding the delay spread searcher.

Finally, the control section 25 monitors the
end of communication (step Al12). While the
communication continues, the flow returns to step A5 to
continue search processing, and the series of operations
are repeated. After the communication is completed,
this operation is terminated (step Al3).

As described above, according to the present
invention, an increase in processing delay can be
prevented by using a combination of two types of

searchers, i.e., narrow-search-range searchers and



5 suppresses an increase in the size of hardware and software. If all the
searchers are used, the control section checks a delay spread searcher, of
fhe assigned searchers, which exhibits the | owest degree of influence 10
on each user, and releases it, thereby allowing effective use of

searchers. In addition, the control section obtains the barycenter of a
delay profile, and controls the search range of the searcher in accordance
with variations in 15 this barycentric position. This nmakes it possible to
Suppress a Sgdéds&dret - PEEEPIE Tt Aile ENANGIESa | PLUREL1 BPShE | @Fo@hs doFObI | €
station, resulting in an increase in search accuracy. CL Al S1 A
sear ch met hagkarcke £MoOdadle 2s €O ECOT RN SE heMEn  ehar e eiraed in
that one cell 3 searcher which has a wi de search range and searches an 4
overal | cel lofaral mottigssth hele brieasledayuspe@ad Rebs ahekes Siwhi ch has a
narrower search range than the cell searcher 6 are assigned to a reception
signal in aquasidnte W tprevide mn téfHicieconekdarcn mdthidd tlexepti on
signal, and 8 synchronous acquisition is perforned on the basis of a 9

si gnal 0Bt aisHRPTeIFR RN LReFerre 1. the ssige rofdhidiodtivare saar@GbVA nobi l e 2
comuni cati on schenme according to claim1, characterized 3 in that the
del ay spread¥fd#@Ffer is assigned to each

If all the searchers are used, the control
section checks a delay spread searcher, of the assigned
searchers, which exhibits the lowest degree of influence

10 on each user, and releases it, thereby allowing
effective use of searchers.

In addition, the control section obtains the
barycenter of a delay profile, and controls the search
range of the searcher in accordance with variations in

15 this barycentric position. This makes it possible to
suppress a search error accompanying changes in the
position of a mobile station, resulting in an increase

in search accuracy.



4 readable multi-path. 3. A search nethod in a COVMA nobile 2 comunication
schehe,* characterized in that 3 a receiving section which receives a
reception 4 signal sent through a radio channel, an analog/digital 5
conversion section which converts the reception signal 6 into a digital
baseband signal, a nmulti-path processing 7 section which includes a
plurality of searcher sections 8 and a plurality of finger sections and
outputs a 9 plurality of detection signals by processing nmulti-paths 10
contained in the baseband signal, @& RAKEIC@Mg ning 11 section which adds
the detection signals to output a 12 conbined signal, a signal processing
section which 13 conbi nes aheegoshi methsdgiml a @mada amspni&ol section 14
whi ch controls the searcher sections are provided, 15 the control section
gener at e2 a cambunl cat joral sciémé prelsatddtngrtded plrurtdldtt yorod cedldr cher
sections as two 17 types of function-specific searchers which are a cel

18 sear cBer searchelk|wyichprizasl seatddesearch hmangsiandfserdhme a8 gnal s
based on effective path timng information 20 on a delay profile of a
recepti od sigyerablitpedlfandn noke logs sthanre gisshdwrepreddcrdanchsat h
energy information of a 22 reception signal processed by the finger
section, 223 WiFRtas o2 FAT IRV K aF ¢ AL IsIat i the F£alslersemiehexs out put
fromthe signal rope%%énﬂ section, and service 25 qyali&y reqyired for
the user banPrefeT LR i 1O T STERP B A 1Enahd» accordance with a

7 multi-path condition of the reception signal, and
8 synchronous acquisition is performed on the basis of a
9 signal obtained from each searcher.
2. A search method in a CDMA mobile
2 communication scheme according to claim 1, characterized
3 in that the delay spread searcher is assigned to each
4 readable multi-path.
3. A search method in a CDMA mobile
2 communication scheme, characterized in that
3 a receiving section which receives a reception
4 signal sent through a radio channel, an analog/digital
5 conversion section which converts the reception signal
6 into a digital baseband signal, a multi-path processing
7 section which includes a plurality of searcher sections
8 and a plurality of finger sections and outputs a
9 plurality of detection signals by processing multi-paths
10 contained in the baseband signal, a RAKE combining
11 section which adds the detection signals to output a

12 combined signal, a signal processing section which



27 a.control signal is changed to optimally 28 maintain set states of the
plural'i'ty of searcher 29 sections. 4. A search nethod in a CDVA nobile 2
conmmuni cati on schenme according to claim3, characterized 3 in that 4 the
control section outputs a search range 5 control signal and search wi dth

of fset control signal to 6 one searcher section so as to nake the searcher
section 7 operate as a cell searcher which searches an entire 8 radi us of
a cell, and 9 outputs a search range control signal and 10 search w dth

of fset gont ramisigal tied dditbiled alidnaof ankd £eaitthasl SRcdi s SO0 as to
make the searcher sections 12 operate as delay spread searchers which

respect ilvel whikh seartalols plhe adedneladr mddtigrad kece Iprdhiis®@Aar cher secti on
conprises a plurality of 15 groups of correlators each of which receives,
toget het5 16 with a batkéarensrghasechiorvgaperatesga cooetobl ashguaby 17
perform ng delay processing with respect to a spreading 18 code froma
spreadi hf cddy Eeidrintorthy mlurslidly Widtdeardheyf fspatideinyasitwait and a
search delay circuit, and 20 perforns despreading, a plurality of groups of
adders 121 WYRGF &fd Lurgtelanisedidiire sennghars M athang cupe ol 22
correlators by a designated nunber of tinmes, and an 23 effective path

det er m #f ng SESRGRET IRE 1R SebBhePieid Searrhedc Gt itde thasky i th a high

level figm the cory el

(ggsed on effective path timing information
20 on a delay profile of a reception signal output from the
21 searcher section, effective path energy information of a
22 reception signal processed by the finger section,
23 current reception quality associated with a user and
24 output from the signal processing section, and service
25 quality required for the user and registered in system
26 data, and
27 a control signal is changed to optimally
28 maintain set states of the plurality of searcher
29 sections.

4. A search method in a CDMA mobile
2 communication scheme according to claim 3, éharacterized
3 in that
4 the control section outputs a search range
5 control signal and search width offset control signal to
6 one searcher section so as to make the searcher section
7 operate as a cell searcher which searches an entire

8 radius of a cell, and

9 outputs a search range control signal and



25 values after addition and determ nes whether a 26 corresponding path is

an effective path,

control

and 27 the search width offset delay circuit controls
28 a search start timing in accordance with a search width 29 offset

signal fromthe control section, and the 30 search delay circuit
si gnal

controls a search range in 31 accordance with a search range control
fromthe

comuni cati on schenme according to claim4,

search [enge el hidtrdet @it tdr@]nai SRANE H1RRYIANS, &F the cel |
searcher sets a value 6 equivalent to a ce

32 control section. 5. A search nethod in a CODVA nobhile 2
characterized 3 in that 4 the

the 7 searceardidr aidseiom®nid s IPntlkd AhdiddidHdie sk agameher
operates as the cell searcher sets 0 as an 9 offset value, and 10 the

search rangemrdtelasidpidy fsprewmkiseptdierd Wisiedr alearpeanevailey as t he

del ay spread searcher sets a 12 width of peak |levels calculated from

radius as a search range,

and

ef fecti V@ padarces a imdurpliforofmtmuwltiompathdel ay profile of a reception
as a search range, and the search width offset 15 control signa
for makltg the searchethgpeearekenssediclion cerprisspralweakterotets a

si gnal

start timng of a peak 17 |evel

val ue.

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

31

32

with a baseband signal, a new spreading code obtained by
performing delay processing with respect to a spreading
code from a spreading code generator by a_search width
offset delay circuit and a search delay circuit, and
performs despreading, a plurality of groups of adders
which add correlation values output from the groups of
correlators by a designated number of times, and an
effective path determining section which searches for a
reception timing with a high level from the correlation
values after addition and determines whether a
corresponding path is an effective path, and

the search width offset delay circuit controls
a search start timing in accordance with a search width
offset control signal from the control section, and the
search delay circuit controls a search range in
accordance with a search range control signal from the
control section.

5. A search method in a CDMA mobile
communication scheme according to claim 4, characterized

in that

cal culated fromeffective path tim ng

i nf or mat P on 9TPRM OdE cft—ﬂ%‘iﬁk?ftiﬂlﬁ easth L sddsh giecsiyes. e Iethet set

19

14



6. A search nethod in a CDVA nobile 2 conmunication schene according to
claim'4, 'characterized 3 in that if a new cell searcher or del ay spread
searcher 4 nust be assigned as the nunber of users or nmulti-paths 5 is
required to increase while all the searchers are used, 6 the control
section obtains nunerical values, for all 7 the delay spread searchers in
use, calculated by 8 multiplying differences, obtained by subtracting
current 9 reception quality val ues associated with users and 10 out put
from the4si gnal processhegssarcth amigomaernolesigrhll If epiahaking athees
required for the users and registered in 12 system data, by energy

i nf or mat bon sexingden ropefag iase thi3 gedilhseafirdhanryete tédelaaywasipreead sear cher s,
rel eases a delay 14 spread searcher in use which exhibits a | owest val ue
of 15 the mawNMadfnty dludas,cednid naskiugnas e se@reds ainggar @gl thes to a new
user or multi-path. 7. A search nethod in a CDMA nobile 2 comunication
schene aécorsfiafifh 7idtd ML sedhfoadmerli Ad@nad ifen Mmakimee d¥ntrol section
adds products of pieces of 4 ener%y information of a plurality of paths not

|l ess thaP FeRGFETORGHAIESF 188 diltcoFed 1d SeRF Shedt 6 S0 A% &el ay 6 spread

sear cher amjgfeces%i ositjon information to 7 calculate a sumtotal of
t he prod%ct§§éﬁﬁ§nﬂ E?T%sition informati on of the total sum conpares

égleag ppgi tion i”for”aéﬂé)gsé"%}& %‘él{]ieeséoq{'&% & GG ok P nd Ofd the
y spread searcher, "and changes e Searc
11 searcher operate as the delay spread searcher sets a
12 width of peak levels calculated from effective path
13 timing information on a delay profile of a reception
14 signal as a search range, and the search width offset
15 control signal for making the searcher operates as the
16 delay spread searcher sets a start timing of a peak
17 level calculated from effective path timing information
18 on a delay profile of a reception signal as an offset
19 wvalue.
6. A search method in a CDMA mobile
2 communication scheme according to claim 4, characterized
3 in that if a new cell searcher or delay spread searcher
4 must be assigned as the number of users or multi-paths
5 is required to increase while all the searchers are used,
6 the control section obtains numerical values, for all
7 the delay spread searchers in use, calculated by
8 multiplying differences, obtained by subtracting current

9 reception quality values associated with users and

10 output from the signal processing section from service



11 range of the searcher, if the conparison result 12 indicates that the

t hreshold of the search range is 13 exceeded, thereby performng control to
match a position 14 of a nedian of a search range threshold with a
position 15 in the sumtotal. 8. A receiving apparatus in a COVA nmobile 2
communi cation schene, characterized by conprising a 3 nulti-path
processi ng section which assigns one cell 4 searcher which has a w de
search range and searches an 5 overall cell and not |ess than one del ay

spread gear Ghedl By £iud@sraquitrd DWesr Saad Asd @ 3thd hasy sk &@lin 7
searcher in accordance with a nmulti-path condition of a 8 reception

si gnal , 12hersytstemidatal) thy paidrdgy oteSsing: s ediwes paf farfactsiehr onous
acquisition on the basis of 10 a signal obtained fromeach searcher. 9. A
recei vi h§ apgearted ust | targedDMPe Tapbi speredd] comameotieaad | are Isdwa®e , a ahelraact eri zed
by conprising a 3 receiving section which receives a reception signal sent
4 through a gpriad ctear@ier ain ared ogiidilyiextilwiorss ar Sioress sectiemfivhi ch
converts the reception signal into a 6 digital baseband signal, a

mul ti-phPh pPrvcesyieiierkiVolies, ¢ Rssignaddhe glaaged saarawy cher
sectiong and a 8 plurality of finger sections and outputs a plurality of 9
det ecti b si'gh@ L9 B sy iR that hs contained in 10 the baseband

signal, a RAKE conbinigg sgction whi ¢ %gds 11 the detection signals to
output a conbined signit, A S22EFYMEETRPGCER ST PR B9 Shi ch conbi nes t he

Conbined2 communication scheme according to claim 4, characterized
3 in that the control section adds products of pieces of
4 energy information of a plurality of paths not less than
5 a predetermined level on a delay profile of the delay
6 spread searcher and pieces of position information to
7 calculate a sum total of the products, calculates
8 position information of the total sum, compares the
9 position information with a threshold of a search range
10 of the delay spread searcher, and changes the search
11 range of the searcher, if the comparison result
12 indicates that the threshold of the search range is
13 exceeded, thereby performing control to match a position
14 of a median of a search range threshold with a position
15 in the sum total.
8. A receiving apparatus in a CDMA mobile
2 communication scheme, characterized by comprising a
3 multi-path processing section which assigns one cell
4 searcher which has a wide search range and searches an

5 overall cell and not less than one delay spread searcher



13 signal, and a control section which controls said 14 searcher sections,
15 s&i‘'d ¢ontrol section including neans for 16 generating a control signal
for setting said plurality 17 of searcher sections as two types of
function-specific 18 searchers which are a cell searcher and a del ay
spread 19 searcher on the basis of four signals based on effective 20
path timng information on a delay profile of a 21 reception signal output
fromsaid searcher section, 22 effective path energy information of a
recepti og SivHipth Was 4 eeSsRfbb)ssich fidi@Ry 136l is¥id @elient reception 24
quality associated with a user and output fromsaid 25 signal processing
section, 7anckseronee tpadddordans neickh 26 nfudrt if-pa tirs @onatict ifrergicst er ed in
systen1data and nmeans 27 for changing a control signal to optinally

mai nt ai n8setredPpisiai esigriakaiwhgairalsaid ofulddapatdr mexasming 10. A CDVA
receiving apparatus in which said 2 control section is a reception schene
of a CDMVA nrdieid quemioneatswreleysian wagh sidkien ome tdwarbtasds sdction to

4 search an entire radius of a cell, 5 characterized in that said contro
sectionl06 imciignsl mirined Tk reRdhgeRusHieT ol signal for 7 setting
said plurality of searcher_ sections as two tgpes 8 of function-specific

sear chers whi ch are a 2el | AsEafFeheing RRRRFAL YRR 30y kit er on the

basi s of four nal s 10 ba ed on fective tlnln Jgnformati on on a
delay 1% pr':(ﬂ"i“i‘ Wratden %lﬁﬁﬁ lp"’lff’tadtfyorﬁoér!ﬂ S8 dher

3 receiving section which receives a reception signal sent
4 through a radio channel, an analog/digital conversion

5 section which converts the reception signal into a

6 digital baseband signal, a multi-path processing section
7 which includes a plurality of searcher sections and a

8 plurality of finger sections and outputs a plurality of
9 detection signals by processing multi-paths contained in
10 the baseband signal, a RAKE combining section which adds
11 the detection signals to output a combined signal, a

12 signal processing section which combines the combined

13 signal, and a control section which controls said

14 searcher sections,

15 said control section including means for

16 generating a control signal for setting said plurality
17 of searcher sections as two types of function-specific
18 searchers which are a cell searcher and a delay spread
19 searcher on the basis of four signals based on effective
20 path timing information on a delay profile of a

21 reception signal output from said searcher section,



12 section, effective path energy information of a 13 reception signal
procééséd by said finger section, 14 current reception quality associated
with a user and 15 output from said signal processing section, and service
16 quality required for the user and registered in system 17 data, and
means for changing a control signal to 18 optinally maintain set states of
said plurality of 19 searcher sections.

22 effective path energy information of a reception signal
23 processed by said finger section, current reception

24 quality associated with a user and output from said

25 signal processing section, and service quality required
26 for the user and registered in system data, and means
27 for changing a control signal to optimally maintain set
28 states of said plurality of searcher sections.

10. A CDMA receiving apparatus in which said

2 control section is a reception scheme of a CDMA mobile

3 communication system which makes one searcher section to
4 search an entire radius of a cell,

5 characterized in that said control section

6 includes means for generating a control signal for

7 setting said plurality of searcher sections as two types
8 of function-specific searchers which are a cell searcher
9 and a delay spread searcher on the basis of four signals
10 based on effective path timing information on a delay

11 profile of a reception signal output from said searcher
12 section, effective path energy information of a

13 reception signal processed by said finger section,

14 current reception quality associated with a user and

15 output from said signal processing section, and service
16 quality required for the user and registered in system‘
17 data, and means for changing a control signal to

18 optimally maintain set states of said plurality of

19 searcher sections.



