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(57) In a CDMA receiver operable in response to

CDMA signals received through a plurality of paths to
produce a reception signal, a path monitoring section
detects whether or not selected and related paths
among the plurality of the paths are identical with each
other. When the selected and related paths are identical
with each other, either one of the selected and the
related paths for the CDMA signals alone is kept
unchanged while another one of the selected and the
related paths is released for reception of the other
CDMA signals than the CDMA signals. In order to deter-
mine the identical path, detection is made about
whether or not reception timing between the selected
and the related paths has a close relation for a predeter-
mined duration. In other words, the selected and the
related paths are kept unchanged for the predetermined
duration even when they are identical with each other.
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Description

Background of the Invention:

[0001] This invention relates to a CDMA (Code Divi-
sion Multiple Access) signal receiver (will be simply
often called a CDMA receiver hereinafter) and, in partic-
ular, to a CDMA receiver which includes a plurality of
finger receivers.

[0002] As a mobile radio communication system
which includes a transmitter side and a receiver side, a
recent attention tends to be focused on a spread spec-
trum communication method which is strong against an
interference and a violation. In the mobile radio commu-
nication system of such a spread spectrum communica-
tion type, transmission is made from the transmitter side
by modulating a digital data sequence of an audio
and/or an image into a modulated data signal by using
a digital modulation method, such as PSK, FSK, and by
spreading the modulated data signal into a spread
base-band signal of a wide band by the use of a spread
code, such as a PN (Pseudo random Noise) code.
Thereafter, the spread base-band signal is finally con-
verted into a radio frequency signal on the transmitter
side. Briefly, the transmitter side generates the radio fre-
quency signal, using a code division multiple access
(CDMA) techniqgue and may therefore be called a
CDMA transmitter.

[0003] On the other hand, the receiver side repro-
duces the radio frequency signal into a reception data
signal by despreading or inversely spreading the base-
band signal by the use of the same spread code as that
used on the transmitter side into a despread data signal,
and by demodulating the despread data signal by the
use of a digital demodulating method, such as PSK,
FSK demodulating methods. At any rate, the receiver
side reproduces the reception data signal by the use of
the CDMA technique and may be referred to as a CDMA
receiver.

[0004] In this event, the CDMA receiver has usually
adopted a rake receiving technique for synthesizing a
plurality of radio waves which are received as received
data signal through a plurality of radio paths (will be
often collectively called a multi-path). Specifically, the
same received data signal is transmitted as the radio
frequency signals or radio waves to the CDMA receiver
through the plurality of the radio paths which are differ-
ent from one another. The radio waves are subjected by
the CDMA receiver to a vector synthesis to derive the
reception data signal.

[0005] To this end, the CDMA receiver has a rake
receiving section which includes a plurality of finger
receiver units and a rake synthesizer. In this case, the
finger receivers are given the received data signals sep-
arated from the radio waves at every spread code,
namely, at every chip. The finger receivers individually
despread the separated received data signals into
demodulated signals and carry out symbol synthesis of
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the demodulated signals to produce the reception data
signal. With this CDMA receiver, a time diversity opera-
tion is executed by using the rake receiving technique
and is effective to remarkably improve a quality of the
reception data signal even when noise is caused to
occur over the plurality of the radio paths.

[0006] Herein, it often happens that a plurality of radio
paths are very close to one another by chance and, as
a result, reception timing for each path becomes very
close to one another, in spite of the fact that they are to
be actually separated or different from one another.
[0007] In this event, a single one of the finger receiv-
ers alone is allocated to a single one of the radio paths
in the CDMA receiver even when there are a plurality of
radio paths which are very close to each other and
which are actually different from one another. This
shows that one of the finger receivers alone is operated
on reception of the radio waves which are to be actually
assigned to different finger receivers. Therefore, the
radio paths which can be captured by the finger receiv-
ers are decreased in number, which results in a degra-
dation of a reception characteristic concerned with the
rake receiving.

Summary of the Invention:

[0008] It is an object of this invention to provide a
CDMA receiver which is capable of improving a recep-
tion characteristic on carrying out rake receiving.
[0009] It is another object of this invention to provide
a CDMA receiver of the type described, which can dis-
tinguish radio waves from one another even when the
radio waves are received through radio paths which are
very close to each other.

[0010] It is still another object of this invention to pro-
vide a CDMA receiver of the type described, which can
effectively assign finger receivers to the radio waves
received through the very close radio paths.

[0011] According to an aspect of this invention, a
CDMA receiver is operable in response to CDMA sig-
nals received through a plurality of paths to produce a
reception signal. The CDMA receiver comprises a path
monitoring section for monitoring the plurality of the
paths to detect whether or not first and second paths
among the plurality of the paths in connection with the
CDMA signals are identical with each other and a
processing section for processing the first and the sec-
ond paths when the first and the second paths are iden-
tical with each other, to keep both the first and the
second paths unchanged for a predetermined duration
and to thereafter release either one of the first and the
second paths for reception of the other CDMA signals.
In this event, the path monitoring section monitors a
pilot signal included in the CDMA signals while the first
and the second paths are a selected path and a related
path concerned with the selected path.

[0012] According to another aspect of this invention, a
CDMA receiver comprises a plurality of demodulating
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circuits which are supplied with the CDMA signals to
demodulate the CDMA signals into demodulated sig-
nals, respectively, and a rake portion for gathering the
demodulated signals into the reception signal. Each of
the demodulating circuits comprises a fading vector
generator for generating, from each of the CDMA sig-
nals, a fading vector which has an amplitude and a
phase. The CDMA receiver comprises a path monitor-
ing section for monitoring the plurality of the paths with
reference to the fading vectors to detect whether first
and second paths which are selected from among the
plurality of the paths in connection with the CDMA sig-
nals are identical with each other or different from each
other.

[0013] The path monitoring section comprises a cal-
culating portion for calculating an amplitude ratio and a
phase difference between the fading vectors concerned
with the first and the second paths, a comparator for
comparing the amplitude ratio and the phase difference
with first and second thresholds, respectively, a judging
portion for judging the first and the second paths are
identical with each other when both the amplitude ratio
and the phase difference are smaller than the first and
the second thresholds, respectively. The judging portion
judges the first and the second paths are different from
each other when either the amplitude ratio or the phase
difference is not greater than the first threshold or the
second threshold.

[0014] In addition, the path monitoring section may
monitor, together with the fading vectors, the plurality of
the paths by using reception timing of each CDMA sig-
nal received through the first and the second paths.
[0015] The path monitoring section comprises a tim-
ing comparator for comparing first reception timing for
the first path with second reception timing for the sec-
ond path to detect a timing relation between the first
reception timing and the second reception timing and a
close detection portion for detecting whether or not the
first reception timing is close to the second reception
timing, to judge that the first and the second paths are
identical with each other when the timing relation is
close such that the first reception timing is close to the
second reception timing. The close detection portion
comprises a time monitoring portion for monitoring
whether or not the close relation lasts for a predeter-
mined duration between the first reception timing and
the second reception timing and a judging portion for
judging the first and the second paths as the identical
path when the close relation lasts for the predetermined
duration, and, otherwise, for judging the first and the
second paths as different paths.

[0016] According to still another aspect of this inven-
tion, a CDMA receiver comprises a plurality of demodu-
lating circuits which are supplied with the CDMA signals
to demodulate the CDMA signals into demodulated sig-
nals, respectively, and a rake portion for gathering the
demodulated signals into the reception signal. Each of
the demodulating circuits comprises a fading vector
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generator for generating, from each of the CDMA sig-
nals, a fading vector which has an amplitude and a
phase. Under the circumstances, the CDMA receiver
comprises means for detecting a close relation between
selected reception timing for a selected one of the
CDMA signals received by one of the demodulating cir-
cuits and related reception timing for the other one of
the CDMA signals received by the other one of the
demodulating circuits, means) which is supplied with a
first fading vector produced from the one of the CDMA
signals by the one of the demodulating circuits and a
second fading vector produced from the other one of the
CDMA signals by the other one of the demodulating cir-
cuits, for comparing an amplitude ratio and a phase dif-
ference between the first and the second fading vectors,
means for changing either the selected reception timing
and the related reception timing when both the ampli-
tude ratio and the phase difference are smaller than first
and second thresholds, respectively, and means for
receiving the one and the other one of the CDMA sig-
nals at the selected and the related reception timing,
respectively, when either the amplitude ratio or the
phase difference is greater than the first and the second
thresholds, respectively.

[0017] According to yet another aspect of this inven-
tion, a CDMA receiver comprises means for detecting a
close relation such that selected reception timing
assigned to one of the demodulating circuits to receive
the CDMA signals at the selected reception timing is
close to the other reception timing assigned to the other
one of the demodulating circuits to receive the CDMA
signals at the other reception timing, means for allocat-
ing the one and the other demodulating circuits to the
selected reception timing and the other reception timing
for a predetermined duration, and means for changing
either one of the selected reception timing and the other
reception timing to another reception timing when the
close relation lasts after lapse of the predetermined
duration.

[0018] According to another aspect of this invention, a
CDMA receiver comprises means for detecting a close
relation such that selected reception timing assigned to
one of the demodulating circuits to receive the CDMA
signals at the selected reception timing is close to the
other reception timing assigned to the other one of the
demodulating circuits to receive the CDMA signals at
the other reception timing, means, which is supplied
with a first fading vector produced from the one of the
CDMA signals by the one of the demodulating circuits
and a second fading vector produced from the other one
of the CDMA signals by the other one of the demodulat-
ing circuits, for comparing an amplitude ratio and a
phase difference between the first and the second fad-
ing vectors, means for allocating the one and the other
demodulating circuits to the selected reception timing
and the other reception timing for a predetermined dura-
tion when either the amplitude ratio or the phase differ-
ence is greater than first or second threshold, and
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means for changing either one of the selected reception
timing and the other reception timing to another recep-
tion timing when the close relation lasts after lapse of
the predetermined duration.

[0019] According to another aspect of this invention, a
CDMA receiver comprises a plurality of finger circuits
which are supplied with the CDMA signals to demodu-
late the CDMA signals into demodulated signals,
respectively, and a rake portion for gathering the
demodulated signals into the reception signal. The
CDMA receiver comprises a delay profile generator for
generating a delay profile by using the CDMA signals
received, a finger candidate selector for selecting, from
the delay profile, a predetermined number of finger tim-
ing candidates which correspond to finger circuit candi-
dates, a relation detector for making the finger timing
candidates relate to related reception timing which is
assigned to each of the finger circuits currently used
and which is close to each of the finger timing candi-
dates, a timing comparator for comparing the related
reception timing and each of the finger timing candi-
dates to detect a related one of the finger circuits that is
related to each of the finger timing candidates and
which is being currently used, a close timing protection
portion for detecting whether or not each of the finger
timing candidates is close to the related reception timing
to produce a relation signal representative of a relation
between each of the finger timing candidates and the
related reception timing, and a finger allocation portion
for allocating the reception timing to the finger circuits in
accordance with the relation signal.

Brief Description of the Drawing:

[0020]

Fig. 1 shows a block diagram of a CDMA receiver
according to a first embodiment of this invention;
Fig. 2 shows a delay profile which is representative
of a relationship between reception timing and a
correlation value;

Figs. 3A and 3B exemplify fading vectors which are
smaller and not smaller than thresholds, respec-
tively;

Fig. 4 shows a block diagram of a close timing pro-
tection portion illustrated in Fig. 1;

Fig. 5 shows a flow chart for use in describing oper-
ation of a part of the CDMA receiver illustrated in
Fig. 1;

Fig. 6 shows a flow chart for use in describing oper-
ation of another part of the CDMA receiver illus-
trated in Fig. 1;

Fig. 7 shows a block diagram of a close timing pro-
tection portion used in a CDMA receiver according
to a second embodiment of this invention;

Fig. 8 shows a flow chart for use in describing oper-
ation of the close timing protection portion illus-
trated in Fig. 7;
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Fig. 9 shows a block diagram of a CDMA receiver
according to a third embodiment of this invention;

Fig. 10 shows a block diagram of a close timing pro-
tection portion illustrated in Fig. 9; and

Fig. 11 shows a flow chart for use in describing
operation of the close timing protection portion illus-
trated in Fig. 9.

Description of the Preferred Embodiments:

[0021] Referring to Fig. 1, a CDMA receiver according
to a first embodiment of this invention has an input ter-
minal 21, an output terminal 22, a searcher 23, a finger
section 24, and a rake section 25. The searcher 23 is
operable as a path monitoring section and a processing
section, as will become clear as the description pro-
ceeds.

[0022] The input terminal 21 is given CDMA signals
through an antenna (not shown) from a CDMA transmit-
ter (not shown also). It is assumed that the CDMA sig-
nals are sent to the CDMA receiver through a plurality of
radio paths different from one another and, therefore,
includes a plurality of path signals received through the
different radio paths. In this connection, the CDMA sig-
nal will be called a multi-path signal.

[0023] The searcher 23 is operable in response to a
specific signal, for example, a pilot signal included in the
CDMA signal to search for paths which are assigned to
the CDMA receiver and which are specified by reception
timing of the CDMA signal. To this end, the searcher 23
calculates a correlation between the CDMA signal and a
replica signal of a spread code predetermined for the
CDMA receiver to determine the reception timing which
is determined in relation to a plurality of the radio paths
and which is shifted to one another. Therefore, the
reception timing for each radio path or path is somewhat
different from one another.

[0024] The finger section 24 is supplied through the
input terminal 21 with the CDMA signals and is control-
led by the searcher 23. The finger section 24 has a plu-
rality of finger circuits which are operable in response to
the reception timing for each radio path to despread and
demodulate the CDMA signals into a plurality of demod-
ulated signals or received signals, as will be described
later in detail. The demodulated signals are gathered or
raked by the rake section 25 to produce a synthesized
signal through the output terminal 22. To this end, the
rake section 25 sums up the demodulated signals by
adding weights to each of the demodulated signals.
[0025] More specifically, the illustrated searcher 23
has a delay profile generator 231, a finger candidate
selector 232, a relation detector 233, a timing compara-
tor 234, a close timing protection portion 235, and a fin-
ger allocation portion 236.

[0026] Supplied with the CDMA signals through the
input terminal 21, namely, the specific signal, such as
the pilot signal, the delay profile generator 231
despreads the CDMA signal to generates a delay pro-
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file, as exemplified in Fig. 2. The delay profile specifies
a relationship between the reception timing signals and
correlation values of a despread signal at each recep-
tion timing signal. The finger candidate selector 232
receives the delay profile from the delay profile genera-
tor 231 and decides a predetermined number of finger
timing candidate signals, M in number, by successively
selecting the reception timing signals from a greater one
of the correlation values. The finger timing candidate
signals and the reception timing signals are representa-
tive of finger timing candidates and reception timing,
respectively.

[0027] The relation detector 233 is supplied with the
finger timing candidate signals and finger timing signals
assigned to the respective finger circuits and searches
a closest one of the finger timing candidate signals to
each finger timing signal to make the respective candi-
date signals correspond to the finger circuits. In other
words, the relation detector 233 serves to make the
respective candidate signals relate to the finger circuits
or to make the respective finger timing candidates cor-
respond to the reception timing. The timing comparator
234 compares the finger timing candidate signals with
the reception timing signals allocated to the finger cir-
cuits currently used and detects the finger circuits which
have the same reception timing signals.

[0028] Moreover, the close timing protection circuit
235 receives the reception timing signals of the finger
circuits concerned with the same reception timing sig-
nals and decides whether or not close timing protection
is to be executed when a close timing relation is
detected between the reception timing signals, on the
basis of a fading vector generated by a fading vector
generator (will be described later) in a manner to be
described later. In this connection, a combination of the
delay profile generator 231, the finger candidate selec-
tor 232, the relation detector 233, and the timing candi-
date 234, and the close timing protection portion 235
may be called the path monitoring section for monitoring
close ones of the path with reference to the reception
timing, namely, the reception timing signals.

[0029] The finger allocation portion 236 selects the
reception timing signals allocated to the finger section
24, on the basis of results of the close timing protection
detected by the close timing protection portion and may
be called the processing section for processing the
paths to allocate the finger circuits. The selected recep-
tion timing signals are sent to the finger section 34 and
to the relation detector 233.

[0030] In Fig. 1, the finger section 24 has zeroth
through (N-1)-th ones 24(0) to 24(N-1) of the finger cir-
cuits each of which has a receiver portion 12(0) to 12(N-
1), a fading vector generator 13(0) to 13(N-1), and a
detector 14(0) to 14(N-0). Inasmuch as the zeroth
through the (N-1)-th finger circuits 24(0) to 24(N-1) are
similar in operation and structure to one another,
description will be mainly made only about either one or
a plurality of the zeroth through the (N-1)-th finger cir-
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cuits 24 without any suffixes.

[0031] At any rate, each receiver portion 12 receives
the CDMA signal in response to the reception timing
signals sent from the finger allocation circuit 236 and
carries out a despread operation at each reception tim-
ing indicated by the reception timing signals to produce
despread data signals. Each of the fading vector gener-
ators 13 executes path estimation in response to the
despread signal sent from each receiver portion. During
this path estimation, a fading vector is calculated by
each fading vector generator and is representative of an
inclination of orthogonal axes defined by an in-phase
axis and a quadrature axis determined on a phase
plane and a magnitude or an amplitude of each radio
waves received through the multi-path. The magnitude
or the amplitude of each radio wave stands for a degree
of certainty of each path and specifies a high reliable
path as the magnitude becomes high. Each fading vec-
tor calculated in the fading vector generators 13 in the
above-mentioned manner is delivered to the close tim-
ing protection portion 235 and the detector 14. Each
detector 14 detects the received data signal in response
to the despread data signal and the fading vector. Spe-
cifically, the received data signal is detected from the
despread data signal with reference to a phase compo-
nent of the fading vector.

[0032] The received data signals are sent from the fin-
ger circuits 24 to the rake section 25 which includes a
rake synthesizer 251. The rake synthesizer 251 rakes or
gathers the received data signals by giving weights to
the received data signals and produces the reception
data signal or a reproduced signal through the output
terminal 22.

[0033] With the above-mentioned structure, judge-
ment is made about whether or not a plurality of paths
are received by different finger circuits and are different
from one another, when the reception timing for each
path is very close to one another. When the plurality of
the paths are judged to be different from each other,
current allocation of the plurality of the paths to the fin-
ger circuits is kept unchanged. In other words, the cur-
rent allocation is protected without being changed. As a
result, when the plurality of the paths which are tempo-
rarily close to each other are separated from each other
again with lapse of time, reallocation of the finger cir-
cuits becomes unnecessary. Each path mentioned
above indicates a transmission path between the trans-
mitter side and the receiver side.

[0034] In order to accomplish the above-mentioned
object, the delay profile generator 231, the finger candi-
date selector 232, the relation detector 233, and the tim-
ing comparator 234 serve to detect whether or not the
finger circuits which have very close reception timing
are present within the finger circuits. For brevity of
description, the finger circuits which have very close
reception timing may be simply called close timing fin-
ger circuits.

[0035] In addition, when the close timing finger circuits
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are present within the finger circuits, the close timing
protection portion 235 is operable in response to the
fading vectors of the fading vector generators 13
included in the finger circuits 24 to detect the magnitude
and the inclination or an angle of each fading vector and
to calculate a magnitude ratio between the fading vec-
tors and an angle difference between the fading vectors.
Furthermore, the close timing protection portion 235
compares each magnitude ratio and each angle differ-
ence between the fading vectors with a predetermined
magnitude ratio threshold and a predetermined angle
threshold which will be called first and second thresh-
olds, respectively.

[0036] When the magnitude ratio or the angle differ-
ence is greater than the first threshold or the second
threshold, the paths assigned to the close timing finger
circuits are judged to be inherently different from each
other. In this case, allocation of the close timing finger
circuits is kept unchanged. This shows that it is possible
to protect the close timing finger circuits from being
removed from the current allocation.

[0037] On the other hand, when both the magnitude
ratio and the angle difference are smaller than the first
and the second thresholds, the paths are judged to be
inherently identical with each other. In this case, only
one of the close timing finger circuits is put into opera-
tion while the remaining close timing finger circuits are
kept unused and removed from the current allocation.
[0038] Now, description will be made about a detec-
tion method of close timing paths and about a judge-
ment method of judging the close timing paths. Itis to be
noted that the detection method is carried out by using
the delay profile generator 231, the finger candidate
selector 232, the relation detector 233, and the timing
comparator 234 while the judgement method is carried
out by the use of the close timing protection portion 235.
[0039] At first, the detection method of detecting the
close timing paths will be described below. The pilot sig-
nal of the CDMA signal is delivered from the input termi-
nal 21 to the delay profile generator 231 included in the
searcher 23. The delay profile generator 231 carries out
a despread operation of the pilot signal by the use of a
spread replica signal to produce the delay profile as
illustrated in Fig. 2. Herein, it is to be noted that the
delay profile is representative of a relationship between
the reception timing of the pilot signal and correlation
values obtained by the despread operation at the recep-
tion timing and that the correlation values are repre-
sented by electric power of the pilot signal received at
the reception timing.

[0040] Inthe meanwhile, description will be directed to
a relationship between the paths and the reception tim-
ing for a better understanding of this invention. When
the CDMA signal is received by the CDMA receiver
through the same paths, the reception timing for both
the paths becomes equal to each other. However, it is
noted that, when the CDMA signal is received at the
same reception timing, the paths for the are not always
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identical with each other. From this fact, it is understood
that the delay profile provides the relationship between
the reception timing and the correlation values but never
provides a strict relationship between the paths and the
correlation values. In general, it may be said that a
reception state of the CDMA signal is improved at the
reception timing with an increase of the correlation val-
ues.

[0041] The finger candidate selector 232 is supplied
with the delay profile to select the finger timing candi-
dates. Such a method of selecting the finger timing can-
didates by the finger candidate selector 232 will be
described with reference to Fig. 2. Herein, it is assumed
that the finger candidate selector 232 successively
selects first through M-th ones of the correlation values
from a greatest value thereof and decides first through
M-th ones of the reception timing that correspond to the
first through the M-th correlation values, respectively,
and which may be called first through M-th finger timing
candidates. In Fig. 2, the finger candidate selector 232
selects first and second local maximal ones of the cor-
relation values and decides first and second reception
timing candidates F1 and F2 as the first and the second
finger timing candidates.

[0042] The first and the second finger timing candi-
dates F1 and F2 decided by the finger candidate selec-
tor 232 are sent to the relation detector 233 which is
supplied from the finger allocation portion 236 with allo-
cated reception timing signals representative of allo-
cated reception timing.

[0043] The relation detector 233 is operable in a man-
ner to be mentioned below. In order to describe the
operation of the relation detector 233, it is assumed
that:

M is representative of the number of the finger tim-
ing candidates;

Ts(i), an i-th one of the finger timing candidates that
is representative of the reception timing and that is
variable between 0 and M-1;

Cs(i), an i-th one of the correlation values that is
representative of the correlation value of the i-th fin-
ger timing candidate;

N, the number of the finger circuits;

Tf(j), a j-th one of the reception timing that is varia-
ble between 0 and N-1; and

Tth, a half of an acceptable timing range in which
each finger timing candidate is allocated to the fin-
ger circuit.

[0044] The relation detector 233 is given the j-th
reception timing Tf(j) related to each of the finger cir-
cuits 24, N in number, and determines the acceptable
timing range +Tth in relation to the j-th reception timing
Tf(j). In addition, the relation detector 233 monitors
whether or not either one of the finger timing candidates
Ts(i) falls within the acceptable timing range £Tth. In
consequence, the relation detector 233 searches the
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finger timing candidate or candidates Ts(i) within the
acceptable timing range +Tth. Specifically, the operation
of the relation detector 233 is defined by:

ITs(i) - Tf(G)/ = Tth.

[0045] Itis to be noted that, when a plurality of the fin-
ger timing candidates Ts(i) belong to the acceptable
timing range £ Tth, the relation detector 233 selects only
one of the finger timing candidates that corresponds to
a maximal one of the correlation values Cs(i) within the
acceptable timing range £Tth. On the other hand, when
no finger timing candidate is present within the accepta-
ble timing range £Tth, no allocation can be made about
the finger circuits.

[0046] From this fact, it may be said that, when the i-
th finger timing candidate is selected in relation to the j-
th finger circuit, an i-th one of candidate finger circuits
that corresponds to the i-th finger timing candidate is
made to correspond to the j-th finger circuit or simply the
i-th candidate finger circuit corresponds to the j-th finger
circuit. A correspondence between the candidate finger
circuit and the finger circuit is produced from the relation
detector 233 as a correspondence signal. The corre-
spondence signal also represents an acceptable alloca-
tion and may be called an allocation signal.

[0047] At any rate, the relation detector 233 supplies
the timing comparator 234 with information related to
the finger timing candidate or candidates, the candidate
finger circuit or circuits, together with the reception tim-
ing of each finger circuit and the correspondence signal.
[0048] In the timing comparator 234, comparison is
made about the finger timing candidates made to corre-
spond to the finger circuits which are currently used, to
detect whether or not the same finger timing candidates
are present among the finger timing candidates. Inas-
much as the finger circuits which have the same finger
timing candidates are operated in response to very
close reception timing, they will be referred to as close
timing finger circuits operated at close reception timing.
[0049] Referring to Fig. 2, the above-mentioned oper-
ation will be described more in detail. Supplied from the
delay profile generator 231 with the delay profile illus-
trated in Fig. 2, the finger candidate selector 232 selects
the first and the second finger timing candidates F1 and
F2 corresponding to first and second local maximal
ones of the correlation values. The relation detector 233
compares the reception timing of each finger circuit with
the first and the second finger timing candidates F1 and
F2. In the illustrated example, the relation detector 233
defines the acceptable timing range £Tth in relation to
the first finger timing candidate F1 and detects the
reception timing within the acceptable timing range
1Tth. In the illustrated example, two of the reception tim-
ing depicted by F1a and F2a fall within the acceptable
timing range £Tth and are assigned to the first finger cir-
cuits 24(1) and 24(2), respectively. Therefore, the first
finger timing F1a and the second finger timing F2a are
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sent as first and second timing options to the timing
comparator 234 in relation to the first finger timing can-
didate F1.

[0050] The timing comparator 234 compares the first
timing option F1a with the second timing option F2a and
detects whether or not the first and the second timing
options F1a and F2a are concerned with the same tim-
ing candidate. In the example illustrated in Fig. 2, the
first and the second timing options F1a and F2a are
concerned with the same timing candidate F1. Accord-
ingly, the timing comparator 234 detects, as the close
timing finger circuits operated at the close reception tim-
ing, the first and the second finger circuits 24(1) and
24(2) corresponding to the first and the second timing
options F1a and F2a. Thus, the close timing finger cir-
cuits are detected in the manner mentioned above.
[0051] Next, the description will be made about the
judgement method of judging the close timing paths.
Specifically, the close timing protection portion 235
judges whether or not the paths are identical with each
other. For this purpose, judgement is made about
whether or not the despread signals received by the
close timing finger circuits are received through the
same path.

[0052] The close timing protection portion 235 is given
information sent from the timing comparator 234 and
information sent from the fading vector generators 13 to
judge whether or not the protection is necessary in con-
nection with each of the close timing finger circuits. As
mentioned above, the information sent from the timing
comparator 234 includes information related to the
reception timing of all the finger circuits currently used
and information related to the close timing finger cir-
cuits.

[0053] The information sent from the fading vector
generators 13 is specified by the fading vectors. As
mentioned before, signals, such as the CDMA signal,
transmitted from the transmitter side are subjected to
reflection, diffraction, and attenuation during transmis-
sion through the path and are not normally received as
they stand. In order to correctly reproduce each symbol
subjected to orthogonal modulation, the receiver side
should accurately match, on a phase plane, an in-phase
axis and a quadrature axis of the received data signal
with those of the transmitter side. In this event, each
symbol subjected to the orthogonal modulation can be
represented by a vector which has an amplitude or a
magnitude component and a phase or an angle compo-
nent representative of an inclination from the in-phase
axis or the quadrature axis. Such a vector may be called
a fading vector.

[0054] As already described before, each fading vec-
tor generator 13 carries out the path estimation on the
basis of the despread signal to produce the fading vec-
tor specified by the amplitude (magnitude) and the
phase.

[0055] Herein, consideration is made about calculat-
ing the fading vector. It is assumed that PL(i) is repre-
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sentative of a reference pilot symbol where i is a
variable between 0 and K-1; D(i), a received pilot sym-
bol; K, the number of each pilot symbol, and X*, a com-
plex conjugate. The above-mentioned PL(i) and D(i) are
also assumed to be represented by complex numbers.
[0056] Under the circumstances, the fading vector
depicted by F is given by:

N-1

F=(z D(i)PL(i)*)/K (1)

i=0

[0057] From Equation (1), it is readily understood that
the fading vector F is varied in phase and amplitude in
dependency upon a difference between the in-phase
and the quadrature axes of the received pilot symbol
D(i) and those of the reference pilot symbol. This is
because the in-phase and the quadrature axes of the
received pilot symbol D(i) are varied through the path by
the reflection, the diffraction, and the attenuation. This
shows that, when two signals which are different in both
phase and amplitude from each other, they may be
judged to be transmitted through different paths even
when reception timing is very close to each other.
[0058] The close timing protection portion 235 is cou-
pled to the fading vector generators 13 of the first
through the N-th finger circuits 24 and supplied with the
fading vectors which are given from the close timing fin-
ger circuits decided by the timing comparator 234. The
close timing protection portion 235 collects the fading
vectors and detects the magnitude or amplitude ratio
between the fading vectors and the phase difference
therebetween. In addition, judgement is made by the
close timing protection portion 235 about whether or not
a different path is included in the paths concerned with
the fading vectors.

[0059] Referring to Figs. 3A and 3B, operation of the
close timing protection portion 235 will be described in
detail. In Fig. 3A, it is assumed that the amplitude ratio
and the phase difference between the fading vectors
F1a and F2a of the first and the second finger circuits
24(1) and 24(2) are smaller than the first and the sec-
ond thresholds. In this event, the close timing protection
portion 235 judges that both the first and the second fin-
ger circuits are assigned to the same path and it puts
either one of the first and the second finger circuits into
an inactive state with the remaining one kept in an
active state.

[0060] On the other hand, it is assumed in Fig. 3B that
the amplitude ratio or the phase difference between the
fading vectors F1a and F2a are not smaller than the first
and the second thresholds. In this state, the close timing
protection portion 235 judges that the first and the sec-
ond finger circuits are assigned to individual and differ-
ent paths and that the reception timing is close by
chance. As a result, the close timing protection portion
sets a positive value into protection counters included in
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the first and the second finger circuits, as will become
clear.

[0061] This means that the first and the second finger
circuits are protected from being allocated to an single
path and this operation may be called a close timing
protection operation. During the close timing protection
operation, both the first and the second finger circuits
can be allocated to the different paths.

[0062] Referring to Fig. 4, the close timing protection
portion 235 has a relation check portion 31 operable in
a manner to be described below and a protection coun-
ter monitoring portion 32 for monitoring a protection
counter included in each finger circuit. The illustrated
relation check portion 31 is supplied from the timing
comparator 234 with the information related to the
reception timing of every finger circuit being used and
the information related to the close timing finger circuits.
Responsive to the above-mentioned information, the
relation check portion 31 checks whether or not the fin-
ger circuits include a finger circuit candidate (a related
finger circuit) related to the same finger circuit candidate
as the finger circuit in question which may be called a
selected finger circuit. When detection is made by the
relation check portion 31 about existence of the finger
circuit candidate related to the same finger circuit candi-
date, the protection counter monitoring portion 32 mon-
itors whether or not the protection counter of the finger
circuit candidate is not smaller than 0. If the protection
counter monitoring portion 32 detects that the protec-
tion counter of a certain finger circuit is equal to or
smaller than 0, the fading vector of the certain finger cir-
cuit is given from the fading vector generator of the cer-
tain finger circuit to the close timing protection portion
235, together with the fading vector of the finger circuit
related to the same finger circuit candidate.

[0063] In the close timing protection portion 235, both
the fading vectors are received by a fading vector com-
parator 33. The fading vector comparator 33 compares
the amplitude ratio between of the fading vectors and
the phase difference between the fading vectors with
the first and the second thresholds.

[0064] In Fig. 4, a protection counter renewal portion
34 renews a count value of the protection counter in
response to a check result of the protection counter
monitoring portion 32 or to a result of comparison of the
fading vector comparator 33. Responsive to the
renewed count given from the protection counter
renewal portion 34, a finger allocation changing portion
35 decides a finger circuit which is put into an unused
state.

[0065] In the above-mentioned close timing protection
portion 235, the relation check portion 31 checks
whether or not a close timing finger circuit is present at
each of the finger circuits that are being used. If the
close timing finger circuits is present, the fading vector
comparator 33 detects whether or not the paths for the
close timing finger circuits are different from one
another. When the paths for the close timing finger cir-
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cuits include the same paths, the finger allocation
changing portion 35 puts only one of the close timing
finger circuits into the active state and puts the remain-
ing close timing finger circuits into the unused state.
[0066] Alternatively, when the fading vector compara-
tor 33 detects that the paths for the close timing finger
circuits are different from one another, the protection
counter is set into a positive value so as to monitor for a
monitoring time whether or not the reception timing
among each close timing finger circuit becomes far from
one another When the reception timing is not remote
from one another during the monitoring time, the finger
allocation changing portion 35 leaves only one of the
close timing finger circuits and put each of the remain-
ing close timing finger circuits into the unused state.
[0067] When judgement is made about the fact that
different paths are present as a result of detecting the
amplitude ratio and the phase difference between the
fading vectors of the finger circuits related to the finger
circuit candidate, the protection counter is set to judge
whether or not the reception timing is gradually far away.
[0068] Herein, description will be directed to a method
of setting the protection counter operated in the above-
mentioned manner.

[0069] Itis surmised that a count value of "-1" is set in
the protection counter of a specific finger circuit which is
subjected to no protection related to the close timing. In
this event, it is also assumed that the specific finger cir-
cuit is judged by the timing comparator 234 to be one of
the close timing finger circuits. In addition, the result of
comparison in the fading vector comparator 33 shows
that the amplitude ratio and the phase difference con-
cerned with the fading vector of the specific finger circuit
exceeds the first and the second thresholds. Under the
circumstances, the protection counter is set to the posi-
tive value of, for example, 10 after the path for the spe-
cific finger circuit is judged to be different from the path
for the remaining close timing finger circuit. In this state,
when the timing comparator 234 again judges that the
specific finger circuit is one of the close timing finger cir-
cuits, the protection counter decreases the predeter-
mined value by one.

[0070] After lapse of a predefined time, when the
count value of the protection counter is smaller than 0,
the protection related to the close timing is released. As
a result, either one of the specific finger circuit and
another close timing finger circuit is kept active while the
remaining one is kept unused.

[0071] Likewise, when the timing comparator 234
judges that there is no close timing finger circuit related
to the same finger circuit candidate, the protection
counter is returned back to an initial value of "-1" to stop
the close timing protection operation mentioned above.
[0072] Thus, the finger allocation portion 236 illus-
trated in Fig. 1 is supplied from the close timing protec-
tion portion 235 with reception timing information
concerned with the finger circuits which are being used
and which are indicated by the close timing protection

10

15

20

25

30

35

40

45

50

55

portion 235. It is to be noted here that the close timing
protection portion 235 indicates that the finger circuits
which are being used are selectively put into the active
or the unused state. The finger circuit or circuits put into
the unused state may be allocated to another reception
timing option that is not used by any other finger circuit
candidates. Inasmuch as such unused reception timing
can be allocated to reception timing at which high corre-
lation values are obtained, it is possible to improve a
reception characteristic of the CDMA signal.

[0073] Referring to Fig. 5, the operation of the
searcher 23 (Fig. 1) will be described in detail. In a flow
chart illustrated in Fig. 5, the CDMA signal is received
through the input terminal 21 and is sent to the delay
profile generator 231 to produce a delay profile as
shown in Fig. 2 (step S1). The delay profile is sent to the
finger candidate selector 232. Responsive to the delay
profile, the finger candidate selector 232 determines the
finger timing candidates by successively deriving the
correlation values, M in number, from a greater one to
select the reception timing corresponding to the derived
correlation values (step S2).

[0074] The relation detector 233 compares the finger
timing candidates with the reception timing used in each
of the finger circuits to make the finger timing candi-
dates correspond to the finger circuits which are being
used (step S3). The relation detector 233 detects the
reception timing Tf(j) assigned to each of the finger cir-
cuits, N in number, and compares the reception timing
Tf(j) for each finger circuit with the finger timing candi-
dates Ts(i), M in number. In this case, the relation detec-
tor 233 searches for the finger timing candidates which
fall within the range of £Tth with respect to each recep-
tion timing Tf(j). Herein, it is noted that, when a plurality
of the finger timing candidates fall within the range of
+Tth, only one of the finger timing candidates that corre-
sponds to a greatest one of the correlation values Cs(i)
is selected by the relation detector 233. Thus, the finger
timing candidates are made to correspond to the recep-
tion timing assigned to each finger circuit being used, by
the relation detector 233. At any rate, the relation detec-
tor 233 supplies the timing comparator 234 with infor-
mation related to correspondence between the finger
timing candidates and the reception timing, the informa-
tion related to the finger timing candidates, and the
information related to the reception timing.

[0075] The timing comparator 234 detects the finger
circuit or circuits currently used and concerned with the
same finger timing candidate by comparing the finger
timing candidates and the reception timing (step S4).
[0076] The information of the finger circuit concerned
with the same finger timing candidate detected, the
information of each finger circuit, and the information of
the finger timing candidates are delivered from the tim-
ing comparator 234 to the close timing protection por-
tion 235.

[0077] By the relation check portion 31 in the close
timing protection portion 235, detection is made about
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whether or not a finger circuit concerned with the same
finger timing candidates is included in the finger circuits
to be processed. If the finger circuit is present among
the finger circuits to be processed (step S6, Yes), the
protection counter monitoring portion 32 (Fig. 2) moni-
tors the count value of the protection counter included in
each of the finger circuits which are being used and
judges whether or not the finger circuit is subjected to
close timing protection (step S7). To this end, the pro-
tection counter monitoring portion 32 monitors the count
value of the protection counter and judges the finger cir-
cuit to be subjected to the close timing protection when
the count value is greater than 0.

[0078] When the count value of the protection counter
is greater than 0, judgement is made by the close timing
protection portion 235 about the fact that the finger cir-
cuit in question is subjected to the close timing protec-
tion (step S7, Yes). In this event, the protection counter
of the finger circuit in question is decreased by one
(step S8) to obtain a new count value. The new count
value is compared to 0 to detect whether or not the new
count value is greater than 0 (step S9). When the new
count value is smaller than 0 (step 9, No), the step S9 is
followed by a step S10 at which the close timing protec-
tion is released. At the step S10, only one of the finger
circuits among the close timing finger circuits is kept at
the active state with the remaining close timing finger
circuits put into the unused state. Thereafter, the step
S10 is succeeded by the step S5 at which similar
processing is carried out in connection with a next one
of the finger circuits.

[0079] When the count value of the protection counter
is greater than 0, the step S10 proceeds to the step S5
without any processing.

[0080] Atthe step S7, let the protection counter take -
1 as the count value. This shows that the close timing
protection is not executed by the close timing protection
portion 235. In this case, the close timing protection por-
tion 235 is supplied with the fading vectors which are
generated by the finger circuit in question and another
finger circuit that is related to the finger circuit in ques-
tion by the use of the same finger circuit candidate. At
any rate, the close timing protection portion 235 obtains
the fading vectors from the fading vector generators of
the different finger circuits (step S11) and calculates the
amplitude ratio and the phase difference between the
fading vectors (step S12).

[0081] If either the amplitude ratio or the phase differ-
ence exceeds the first or the second threshold, as
shown in Fig. 3B (step S13, Yes), the close timing pro-
tection portion 235 judges that the reception timing
used in the finger circuit in question and another finger
circuit happens to coincide with each other and must be
inherently assigned to different paths. As a result, the
step S13 is followed by a step S14 at which the protec-
tion counter of each finger circuit is set into the predeter-
mined positive value and which is returned back to the
step St to carry out processing in connection with
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another finger circuit.

[0082] On the other hand, when both the amplitude
ratio and the phase difference does not exceed the first
and the second thresholds, the step S13 proceeds to
the step S10 at which the close timing protection is
released, as mentioned before.

[0083] At the step S6, let no finger circuit which is cur-
rently used be present in connection with the same fin-
ger timing candidate. In this case, the step S6 is
followed by a step S15 at which detection is made about
whether or not the close timing protection is executed
with respect to a finger circuit. When the count value of
the protection counter in the finger circuit is greater than
0, namely, the close timing protection is being carried
out (step S15, Yes), the protection counter of the finger
circuit is set into -1 and the close timing protection is
stopped (step S16).

[0084] When the close timing protection is not exe-
cuted (the step S15, No), processing is carried out in
connection with a next following finger circuit (step S5).
[0085] When processing is finished about all the finger
circuits which are being used (step S5, Yes), the finger
allocation portion 236 allocates finger timing candidates
to the finger circuits. Specifically, an unused one of the
finger circuits is in use and is given the finger timing
candidate which has no relationship (step S17).

[0086] Referring to Fig. 6, description will be made
about processing operation of the finger portion 24 illus-
trated in Fig. 1.

[0087] Atfirst, reception operation and despread oper-
ation are executed by the use of those finger circuits
which are allocated by the finger allocation portion 238
of the searcher 23 (step S21) and which will be referred
to as allocated finger circuits hereinafter. In the allo-
cated finger circuits 24 calculate the fading vectors from
the despread signals by the use of the fading vector
generators 13 thereof (step S22). The fading vectors
are delivered to the close timing protection portion 235
of the searcher 23 (step S23)on one hand and to the
detectors 14 of the allocated finger circuits 24 to be
detected by the detectors 14 on the other hand (step
S24). The detectors 13 of the allocated finger circuits 24
are supplied with both the despread signals and the fad-
ing vectors to produce detected signals from the
despread signals with reference to the fading vectors.
The detected signals are synthesized or raked by the
rake synthesizer 2510f the rake portion 25 into a syn-
thesized signal which is sent as the reception data sig-
nal or the reproduction signal through the output
terminal 22(step S25).

[0088] Briefly, the above-mentioned embodiment is
effectively operable when the reception timing of a cer-
tain one of the finger circuits is very close to that of
another finger circuit. Specifically, the fading vectors are
produced by the fading vector generators 13 from the
CDMA signals received by both the certain finger circuit
and another finger circuit and are sent to the close tim-
ing protection portion 235. The close timing protection
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portion 235 calculates the amplitude ratio and the
phase difference between the fading vectors and com-
pares the amplitude ratio and the phase difference with
the first and the second thresholds, respectively. When
both the amplitude ratio and the phase difference are
smaller than the first and the second thresholds,
respectively, the close timing protection portion 235
judges that the CDMA signals are received through the
same path by the certain finger circuit and another fin-
ger circuit. In this event, the close timing protection por-
tion 235 keeps either one of the finger circuits active
and stops the remaining one of the finger circuits.
[0089] On the other hand, when either the amplitude
ratio or the phase difference exceeds the first threshold
or the second threshold, the close timing protection por-
tion 235 judges that the CDMA signals are received
through different paths by the certain finger circuit and
another finger circuit. In this case, each reception timing
is kept unchanged in the certain finger circuit and
another finger circuit and is used to receive the CDMA
signals in each finger circuit.

[0090] In addition, the close timing protection portion
235 monitors the protection counter of each finger cir-
cuit to detect whether or not the close reception timing
lasts for the predetermined duration. After lapse of the
predetermined duration, the paths related to the close
reception timing are judged to be allocated to different
ones of the finger circuits. This shows that, when the
reception timing related to the certain finger circuit is
remote from the reception timing related to another fin-
ger circuit within the predetermined duration, it is
unnecessary to reallocate each reception timing to dif-
ferent ones of the finger circuits.

[0091] Referring to Fig. 7, a CDMA receiver according
to a second embodiment of this invention is similar in
structure and operation to that illustrated in Fig. 1
except that the close timing protection portion 235
shown in Fig. 7 is somewhat different in structure from
that illustrated in Fig. 4. As shown in Fig. 7, the close
timing reception portion 235 has neither the protection
counter monitoring portion 32 nor the protection counter
renewal portion 34, both of which are included in the
close timing protection portion 235 illustrated in Fig. 4.
[0092] From this fact, it Is readily understood that the
close timing protection portion 235 (Fig. 7) has no pro-
tection function carried out by using the protection coun-
ter. In other words, when the fading vector comparator
33 of the close timing protection portion 235 judges that
the CDMA signals are received through different paths,
different ones of the finger circuits are allocated to both
the different paths without monitoring the predeter-
mined duration set into the protection counters.

[0093] In the second embodiment, when the close
reception timing for the CDMA signals is detected in
connection with different finger circuits, comparison is
made about the amplitude ratio and the phase differ-
ence between the fading vectors detected from the
CDMA signals. If both the amplitude ratio and the phase
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difference do not exceed the first and the second
thresholds, respectively, it is judged that the CDMA sig-
nals are received through the same. Either one of the
CDMA signals received by the reception timing is
removed from the allocation of the finger circuits to be
allocated to another finger circuit that is unused. As a
result, the reception characteristic can be improved with
this embodiment.

[0094] In order to accomplish the above-mentioned
operation, the close timing protection portion 235 illus-
trated in Fig. 7 at first selects a finger circuit which is to
be processed and which may be called a selected finger
circuit. When the selected finger circuit is related to the
same finger timing candidate determined by the timing
comparator 234, the close timing protection portion 235
detects the fading vectors produced from the CDMA sig-
nals received by the selected finger circuit and the fin-
ger circuit made to correspond to the finger timing
candidate , so as to calculate the amplitude ratio and
the phase difference between the fading vectors. There-
after, the amplitude ratio and the phase difference are
compared with the first and the second thresholds by
the close timing protection portion 235, respectively. It
may be said that the finger circuit made to correspond to
the finger timing candidate may be called a related fin-
ger circuit.

[0095] If either the amplitude ratio or the phase differ-
ence exceed the first or the second thresholds, the
close timing protection portion 235 judges that the
CDMA signals received by the selected and the related
finger circuit are received through different paths and
keeps the allocation of the selected and the related fin-
ger circuits unchanged.

[0096] On the other hand, if both the amplitude and
the phase difference do not exceed the first and the sec-
ond thresholds, respectively, the close timing protection
portion 235 judges that the CDMA signals received by
the selected and the related finger circuits are received
through the same path. In this event, either one of the
CDMA signals is allocated to the selected finger circuit
with the related finger circuit kept in an active state.
[0097] Referring to Fig. 8 along with Fig. 1, the opera-
tion will be described in connection with the searcher 23
according to the second embodiment of this invention.
When the CDMA signal is given from the input terminal
21, the delay profile portion 231 produces the delay pro-
file concerned with the received CDMA signal (step
S31). Responsive to the delay profile, the finger candi-
date selector 232 obtains the finger timing candidates,
M in number, by selecting the correlation values from
greater ones with reference to the delay profile (step
S32).

[0098] Given the finger timing candidates, the relation
detector 233 compares the finger timing candidates with
current reception timing of the CDMA signals assigned
to the finger circuits which are being used. The relation
detector 233 detects relations between the finger timing
candidates and the current reception timing to find out
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relations between finger circuit candidates and current
finger circuits (step S33). To this end, the relation detec-
tor 233 detects the finger timing candidates
Ts(i) i=0-M-1) in connection with each current
reception timing Tf(j) (j=0-N-1) by searching, at
every current reception timing, the finger timing candi-
dates falling within a range between +Tth. When a plu-
rality of the finger timing candidates are present within
the range between £Tth, the finger timing candidate cor-
responding to a maximum one of the correlation values
Cs(i) alone is selected as the finger timing candidate by
the relation detector 233.

[0099] The timing comparator 234 is given relation
information detected by the relation detector 233, the
finger timing candidate information, and the current
reception timing information.

[0100] The timing comparator 234 detects the current
finger circuit related to the finger circuit candidate indi-
cated by the finger timing candidate (step S34).

[0101] The close timing protection portion 235 is given
the information of the current finger circuit which is
related to the finger circuit candidate, along with the cur-
rent reception timing related to information of the finger
circuits which are being used.

[0102] The close timing protection portion 235 checks,
by the use of the relation check portion 31 illustrated in
Fig. 7, whether or not the related finger circuit related to
the same finger timing candidate as the selected finger
circuit is present (step S36). When it is judged that the
related finger circuit is present in connection with the
same finger timing candidate as the selected finger cir-
cuit (step S36, Yes), the fading vector comparator 33 is
given the fading vector produced from the CDMA signal
received by the selected finger circuit and the fading
vector produced from the CDMA signal received by
related finger circuit (step S37). The amplitude ratio and
the phase difference between the fading vectors are cal-
culated (step S38) and compared with the first and the
second thresholds by the fading vector comparator 33.
[0103] If both the amplitude ratio and the phase differ-
ence are smaller than the first and the second thresh-
olds, respectively (step S39, No), the finger allocation
detector 236 only leaves the CDMA signal received by
the single reception timing and removes the remaining
CDMA signal received by the remaining reception tim-
ing from the allocation (step S40).

[0104] With this structure, the finger allocation detec-
tor 236 can allocate an unused finger reception timing to
an unused finger circuit which is later kept in a used
state.

[0105] When both the amplitude ratio and the phase
difference are greater than the first and the second
thresholds, respectively, it is judged that the CDMA sig-
nals given to the finger circuits are received through dif-
ferent paths. The finger circuits are continuously
operated without the reception timing.

[0106] Referring to Figs, 9 and 10, a CDMA receiver
according to a third embodiment of this invention is sim-
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ilar in structure and operation to that illustrated in Fig. 1
except that the close timing protection portion 235 illus-
trated in Fig. 9 is not connected to the fading vector gen-
erators 13. This means that no judgement is carried out
in the CDMA receiver illustrated in Fig. 9 about whether
or not CDMA signals are received through different
paths by the use of the fading vectors. Therefore, the
fading vectors are not sent to the close timing protection
portion 235. In addition, the close timing protection por-
tion 235 shown in Fig. 10 has no fading vector compara-
tor included in those illustrated in Figs. 4 and 7.

[0107] Simply, when detection is made about the fin-
ger circuits operated at close reception timing, the
CDMA receiver according to the third embodiment of
this invention makes the finger circuits continuously
receive the CDMA signal at the reception timing for a
predetermined duration. When the reception timing of
the CDMA signals is not remote from each other for the
predetermined duration, either one of the CDMA signals
is removed from the allocation by judging that both the
CDMA signals are received through the same path.
[0108] In order to achieve the above-mentioned oper-
ation, the close timing protection portion 235 according
to the third embodiment at first defines a selected finger
circuit. When the timing comparator 234 detects that the
selected finger circuit is concerned with a related finger
circuit by the same finger timing candidate, the selected
finger circuit continues receiving the CDMA signal for
the predetermined duration. When the selected finger
receiver is continuously or still concerned with the
related finger receiver after lapse of the predetermined
duration, either one of the CDMA signals received by
the selected and the related finger circuits is removed
from the allocation of the finger circuits.

[0109] Referring to Fig. 11, description will be made
about operation of the searcher according to the third
embodiment of this invention. Supplied with the CDMA
signal through the input terminal 21, the delay profile
generator 231 delivers the delay profile concerned with
the CDMA signal to the finger candidate selector 232
(step S51). The finger candidate selector 232 detects
the finger timing candidates, M in number, by selecting
the correlation values from greater ones (step S52).
[0110] The relation detector 233 compares the finger
timing candidates with current reception timing currently
used in each of the finger circuits to detect relations
between the finger circuit candidates and the currently
used finger circuits (steps S53). Specifically, the relation
detector 233 searches the finger timing candidates
Ts (i) (i =1 -( M-1)) within the range of £Tth at every
one of the currently wused reception timing
Tf() j = 1 - (N-1)). As mentioned before in connection
with the former embodiments, when a plurality of the fin-
ger timing candidates are present within the range, a
single one of the finger timing candidate alone is
selected which corresponds to a maximum correlation
value Cs(i).

[0111] Like in the other CDMA receiver illustrated in
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Fig. 1, the timing comparator 234 is given the informa-
tion representative of the relations related by the rela-
tion detector 233, the information representative of the
finger timing candidates, and the information represent-
ative of the current reception timing related to each fin-
ger circuit currently used.

[0112] Timing comparator 234 detects the related fin-
ger circuit which is being used and which is related to
the same finger timing candidate (step S54). The close
timing protection portion 235 is supplied with the infor-
mation concerned with the related finger circuit and the
information representative of the current reception tim-
ing concerned with the finger circuits which are being
currently used.

[0113] Responsive to the above-mentioned informa-
tion, the relation check portion 31 of the close timing
protection portion 235 checks whether or not the related
finger circuit concerned with the same finger timing can-
didate as the selected finger circuit is present (step
S56). When the relation check portion 31 detects that
the related finger circuit in question is present which is
concerned with the same finger timing candidate as the
selected finger circuit (step S56, Yes), the protection
counter monitoring portion 32 monitors whether or not
the protection counter of the selected finger circuit is
greater than 0, to judge whether or not the close timing
protection is to be executed (step S57).

[0114] When the protection counter monitoring portion
32 of the close timing protection portion 235 detects that
the protection counter is greater than 0 (step S57, Yes),
the protection counter of the selected finger circuit is
decreased by one (step S58) by the protection counter
renewal portion 34 to produce a decreased count value.
Next, judgement is made about whether or not the
decreased count value is greater than 0 (step S59).
[0115] If the count value of the protection counter
becomes equal to 0, namely, the close timing protection
is released, the finger allocation changing portion 35
keeps only one of the finger circuits active and puts the
remaining finger circuit into an unused state (step S60).
Thereafter, processing is returned back to the step S55
of carrying out processing in connection with the next
following finger.

[0116] If the count value of the protection counter is
greater than 0 (step S59, Yes), no processing is carried
out any more in connection with the finger circuit in
question and proceeds to the step S55.

[0117] Herein, let it be judged at the step S57 that the
count value of the protection counter is equal to -1,
namely, no close timing protection is being executed. In
this case, a preselected positive value is set into the
protection counter of the finger circuit in question (step
S61) and processing is finished in connection with this
finger circuit in question. Processing proceeds to the
next following finger circuit.

[0118] It is surmised that the relation detector 233
judges that no related finger circuit is present which is
concerned with the same finger timing candidate as the
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selected finger circuit. Judgement is made about
whether or not the protection counter of the selected fin-
ger circuit is greater than 0 (step S62). When the protec-
tion counter of the selected finger circuit is greater than
0, the protection counter is set into -1 and the close tim-
ing protection is stopped in connection with the selected
finger circuit.

[0119] The finger allocation portion 236 allocates an
unused one of the finger timing candidates to an unused
finger circuit which is put into an active or used state.
[0120] In the above-mentioned embodiment, when the
close reception timing relationship is still kept
unchanged between two of the finger circuits after lapse
of the predetermined duration, either one of the recep-
tion timing is changed by judging that the CDMA signals
are received through different paths, although the paths
are close to each other. With this structure, no realloca-
tion of the finger circuits is necessary when the recep-
tion timing for both the finger circuits is remote from
each other again.

[0121] While this invention has thus far been
described in connection with a few embodiments
thereof, it will be readily possible for those skilled in the
art to put this invention into practice in various other
manners. For example, close protection operation may
be executed by using any other signals except the pilot
signal included in the CDMA signals to keep two paths
unchanged for the predetermined duration. In addition,
the relation detector and the timing comparator may be
included in the close timing protection portion while the
whole function of the searcher mentioned above may be
accomplished by software, although the illustrated
searcher is separated into a plurality of hardware cir-
cuits.

Claims

1. A CDMA receiver operable in response to CDMA
signals received through a plurality of paths to pro-
duce a reception signal, comprising:

a path monitoring section for monitoring the
plurality of the paths to detect whether or not
first and second paths among the plurality of
the paths in connection with the CDMA signals
are identical with each other; and

a processing section for processing the first
and the second paths, to keep both the first and
the second paths unchanged for a predeter-
mined duration even when the first and the sec-
ond paths are identical with each other and to
thereafter release one of the first and the sec-
ond paths for reception of the other CDMA sig-
nals.

2. A CDMA receiver as claimed in claim 1, wherein the
path monitoring section monitors a pilot signal
included in the CDMA signals while the first and the
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second paths are a selected path and a related
path concerned with the selected path.

A CDMA receiver as claimed in claim 1, wherein the
path monitoring section monitors the plurality of the
paths by using reception timing of each CDMA sig-
nal received through the first and the second paths.

A CDMA receiver as claimed in claim 3, wherein the
path monitoring section comprises:

a timing comparator for comparing first recep-
tion timing for the first path with second recep-
tion timing for the second path to detect a
timing relation between the first reception tim-
ing and the second reception timing; and

a close detection portion for detecting whether
or not the first reception timing is close to the
second reception timing, to judge that the first
and the second paths are identical with each
other when the timing relation is close such that
the first reception timing is close to the second
reception timing.

5. A CDMA receiver as claimed in claim 4, wherein the

close detection portion comprises:

a time monitoring portion for monitoring
whether or not the close relation lasts for a pre-
determined duration between the first reception
timing and the second reception timing; and

a judging portion for judging the first and the
second paths as the identical path when the
close relation lasts for the predetermined dura-
tion, and, otherwise, for judging the first and the
second paths as different paths.

6. A CDMA receiver as claimed in claim 5, wherein the

processing portion comprises:

an allocation portion for allocating either one of
the first and the second paths to the CDMA sig-
nals with the remaining one released when the
first and the second paths are judged as the
identical path and, otherwise, for keeping the
first and the second paths unchanged.

A CDMA receiver operable in response to CDMA
signals received through a plurality of paths to pro-
duce a reception signal, said CDMA receiver com-
prising a plurality of demodulating circuits which are
supplied with the CDMA signals to demodulate the
CDMA signals into demodulated signals, respec-
tively, and a rake portion for gathering the demodu-
lated signals into the reception signal,

each of the demodulating circuits comprising:
a fading vector generator for generating, from
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each of the CDMA signals, a fading vector
which has an amplitude and a phase;

the CDMA receiver comprising;

a path monitoring section for monitoring the
plurality of the paths with reference to the fad-
ing vectors to detect whether first and second
paths which are selected from among the plu-
rality of the paths in connection with the CDMA
signals are identical with each other or different
from each other.

A CDMA receiver as claimed in claim 7, wherein the
path monitoring section comprises:

a calculating portion for calculating an ampli-
tude ratio and a phase difference between the
fading vectors concerned with the first and the
second paths;

a comparator for comparing the amplitude ratio
and the phase difference with first and second
thresholds, respectively;

a judging portion for judging the first and the
second paths are identical with each other
when both the amplitude ratio and the phase
difference are smaller than the first and the
second thresholds, respectively.

A CDMA receiver as claimed in claim 8, wherein the
judging portion judges the first and the second
paths are different from each other when either the
amplitude ratio or the phase difference is not
greater than the first threshold or the second
threshold.

A CDMA receiver as claimed in claim 9, wherein the
path monitoring section monitors, together with the
fading vectors, the plurality of the paths by using
reception timing of each CDMA signal received
through the first and the second paths.

A CDMA receiver as claimed in claim 10, wherein
the path monitoring section comprises:

a timing comparator for comparing first recep-
tion timing for the first path with second recep-
tion timing for the second path to detect a
timing relation between the first reception tim-
ing and the second reception timing; and

a close detection portion for detecting whether
or not the first reception timing is close to the
second reception timing, to judge that the first
and the second paths are identical with each
other when the timing relation is close such that
the first reception timing is close to the second
reception timing.

A CDMA receiver as claimed in claim 11, wherein
the close detection portion comprises:
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a time monitoring portion for monitoring
whether or not the close relation lasts for a pre-
determined duration between the first reception
timing and the second reception timing; and

a judging portion for judging the first and the
second paths as the identical path when the
close relation lasts for the predetermined dura-
tion, and, otherwise, for judging the first and the
second paths as different paths.

13. A CDMA receiver operable in response to CDMA

signals received through a plurality of paths to pro-
duce a reception signal, said CDMA receiver com-
prising a plurality of demodulating circuits which are
supplied with the CDMA signals to demodulate the
CDMA signals into demodulated signals, respec-
tively, and a rake portion for gathering the demodu-
lated signals into the reception signal,

each of the demodulating circuits comprising:
a fading vector generator for generating, from
each of the CDMA signals, a fading vector
which has an amplitude and a phase;

the CDMA receiver comprising:

means for detecting a close relation between
selected reception timing for a selected one of
the CDMA signals received by one of the
demodulating circuits and related reception
timing for the other one of the CDMA signals
received by the other one of the demodulating
circuits;

means, which is supplied with a first fading vec-
tor produced from the one of the CDMA signals
by the one of the demodulating circuits and a
second fading vector produced from the other
one of the CDMA signals by the other one of
the demodulating circuits, for comparing an
amplitude ratio and a phase difference
between the first and the second fading vec-
tors;

means for changing either the selected recep-
tion timing and the related reception timing
when both the amplitude ratio and the phase
difference are smaller than first and second
thresholds, respectively; and

means for receiving the one and the other one
of the CDMA signals at the selected and the
related reception timing, respectively, when
either the amplitude ratio or the phase differ-
ence is greater than the first and the second
thresholds, respectively.

14. A CDMA receiver operable in response to CDMA

signals received through a plurality of paths to pro-
duce a reception signal, said CDMA receiver com-
prising a plurality of demodulating circuits which are
supplied with the CDMA signals to demodulate the
CDMA signals into demodulated signals, respec-
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tively, and a rake portion for gathering the demodu-
lated signals into the reception signal,

the CDMA receiver comprising:

means for detecting a close relation such that
selected reception timing assigned to one of
the demodulating circuits to receive the CDMA
signals at the selected reception timing is close
to the other reception timing assigned to the
other one of the demodulating circuits to
receive the CDMA signals at the other recep-
tion timing;

means for allocating the one and the other
demodulating circuits to the selected reception
timing and the other reception timing for a pre-
determined duration; and

means for changing either one of the selected
reception timing and the other reception timing
to another reception timing when the close
relation lasts after lapse of the predetermined
duration.

15. A CDMA receiver operable in response to CDMA

signals received through a plurality of paths to pro-
duce a reception signal, said CDMA receiver com-
prising a plurality of demodulating circuits which are
supplied with the CDMA signals to demodulate the
CDMA signals into demodulated signals, respec-
tively, and a rake portion for gathering the demodu-
lated signals into the reception signal,

the CDMA receiver comprising;

means for detecting a close relation such that
selected reception timing assigned to one of
the demodulating circuits to receive the CDMA
signals at the selected reception timing is close
to the other reception timing assigned to the
other one of the demodulating circuits to
receive the CDMA signals at the other recep-
tion timing;

means, which is supplied with a first fading vec-
tor produced from the one of the CDMA signals
by the one of the demodulating circuits and a
second fading vector produced from the other
one of the CDMA signals by the other one of
the demodulating circuits, for comparing an
amplitude ratio and a phase difference
between the first and the second fading vec-
tors;

means for allocating the one and the other
demodulating circuits to the selected reception
timing and the other reception timing for a pre-
determined duration when either the amplitude
ratio or the phase difference is greater than first
or second threshold; and

means for changing either one of the selected
reception timing and the other reception timing
to another reception timing when the close
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relation lasts after lapse of the predetermined
duration.

16. A CDMA receiver operable in response to CDMA
signals received through a plurality of paths to pro-
duce a reception signal, said CDMA receiver com-
prising a plurality of finger circuits which are
supplied with the CDMA signals to demodulate the
CDMA signals into demodulated signals, respec-
tively, and a rake portion for gathering the demodu-
lated signals into the reception signal,

the CDMA receiver comprising:

a delay profile generator for generating a delay
profile by using the CDMA signals received;

a finger candidate selector for selecting, from
the delay profile, a predetermined number of
finger timing candidates which correspond to
finger circuit candidates;

a relation detector for making the finger timing
candidates relate to related reception timing
which is assigned to each of the finger circuits
currently used and which is close to each of the
finger timing candidates;

a timing comparator for comparing the related
reception timing and each of the finger timing
candidates to detect a related one of the finger
circuits that is related to each of the finger tim-
ing candidates and which is being currently
used;

a close timing protection portion for detecting
whether or not each of the finger timing candi-
dates is close to the related reception timing to
produce a relation signal representative of a
relation between each of the finger timing can-
didates and the related reception timing; and

a finger allocation portion for allocating the
reception timing to the finger circuits in accord-
ance with the relation signal.
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