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CHANNEL SYNCHRONIZATION ESTABLISHING METHOD, AND MOBILE STATION BACKGROUND
OF THE INVENTION 5 Field of the Invention The present invention relates to
a mobile communication system, a channel synchronization establishing
method, and a mobile station. Related Background Art 10 Recently, the
mobile communication systems utilizing the code division systems such as
the W-CDMA (Wideband-Code Division Multiple Access) system are in practical
use, in order to increase the utilization efficiency of frequency bands for
radio communications. In such mobile 15 communication systems, a common
frequency band is used in a plurality of cells and it is thus difficult to
identify each cell where mobile equipment is located, by referring to the
frequency band. In order to identify each cell, therefore, it is common
practice to multiply downward 2o channels (hereinafter referred Lo as
"downlink channels") by scrambling codes (spreading codes) different among
'the cells. In such mobile communication systems, the cell search operation
described below has to be performed in order for 25 a mobile station Lo
communicate with a desired base station. Specifically, the mobiles station
first detects a radio frame    boundary (hereinafter referred to simply as
a "frame boundary") of the downlink channel of the base station to be
connected. Then the mobile station detects the scrambling code used by the
base station. 5 On the other hand, in the case of the orthogonal frequency
and code division multiplex (OFCDM: Orthogonal Frequency and Code Division
Multiplex) system being one of typical multiplex systems using a plurality
of carriers for downlink channels, the cell search is performed by
three-step 10 processing, in order to implement a fast cell search. The
three-step processing includes symbol boundary detection, frame boundary
detection, and scrambling code detection. The frame boundary detection
process of the second step also involves a simultaneously executed
operation of separating 15 the scrambling codes into several groups
(hereinafter referred to as "scrambling code groups") and detecting a
scrambling code group. This operation reduces the number of scrambling
codes as candidates in the third step and thereby increases the speed of
the third step (the detection 2o process of scrambling codes). Fig. 1 is a
diagram showing a conventional frame architecture to which the OFCDM system
is applied. In the conventional OFCDM base cell search, as shown in Fig. 1,



processing described below was carried out in order to 25 perform the
detection of scrambling code group simultaneously with the frame boundary
detection in the 2   second step. Specifically, inorder to permit the
detection of frame boundary, the base station sent additional SCHs
(Synchronization Channels) 101, 102, 10:3 transmitted in the formof a
special symbol sequence known to the mobile station, 5 without multiplying
the downlink channels by the scrambJ.ing codes, and the mobile station
calculated the cross correlation between a received signal and the known
SCH symbol sequence. In order to permit the simultaneous detection of
scrambling code group with the detection of 10 frame boundary, a plurality
of SCH symbol sequences were p,r) epared and scrambling code groups were
made correspondent to the respective SCH symbol sequences. S'U~ARY OF THE
INVENTION The above prior art, however, had the problem described 15 below.
Namely, therewasalimittotransmissionpowerwhich can be aJ.located to the
downlink channels, in the mobile comml~nicatiox~ systems, and control
channeJ.s (CCHs; Control Channels) and communication channels (TCHs;
Traffic Channels) had to be sent within the limited range of 20
transmission power. For this reason, the smaller the transmission power is
allocated to CCHs, the larger the transmission power can be allocated to
T.CHs; it is thus feasible to increase the number of mobile stations that
can be accommodated in the system, i.e., to increase the channel 25
capacity. In the conventional OFCDM base cell search, however, 3   the
additional SCHs were sent as described above, so that the channel capacity
was reduced by the degxee of the transmission power of the SCHs.
Furthermore, the quality of TCHs degrades because of interference of SCHs
with TCHs . 5 It is conceivable to decrease the transmissionpower of SCHs,
in order to avoid these drawbacks, but it decreases the probability of the
detection of frame boundary and scrambling code group in the second step.
As a result, the accuracy of the cell search is lowered. 10 Tn view of the
above problem, an object of the present invention is to provide a mobile
communication system, a channel synchronization establishing method, and a
mobile station enabling a highly accurate cell search while decreasing the
reduction of channel capacity and the 15 interference with TCHs due to the
transmission of SCHs. In order to solve the above problem, a mobile
communication system according to the present invention is a mobile
communication system which comprises abase station and a mobile station and
in which the base stata.on transmits 20 a pilot symbol sequence known to
the mobile station, to the mobile station, using a plurality of carriers
for downward channels, and performscommunication with the mobile station
while multiplying the channels by frequencywise same scrambling codes every
symbol period, wherein the mobile 25 station comprises boundary detec~Ling
means for calculating cross correlation allowing for a phase difference of
the 4  



scrambling codes, between frequencywise pilot symbol sequences received
from the base station, th,ercby detecting a radio frame boundary. A channel
synchronization establishing method 5 according to the present invention is
a channel synchronization establishing method in a mobile communication
system which comprises a base station and a mobile station and in which the
base station transmits a _ pilot symbol sequence known to Lhe mobile
station, to the 10 mobile station, using a plurality of carriers fox
downward channels, andperforms communicationwiththemobile station while
multiplying the channels by frequencywise same scrambling codes every
symbol period, the channel synchron~.zation establishing method comprising:
a boundary 15 detecting step wherein the mobile station calculates cross
correlation allowing for aphase difference of the scrambling codes, between
frequencywise pilot symbol sequences received from the base station,
thereby detecting a radio frame boundary. 20 A mobile station according to
the present invention is a mobile station which xeceives a pilot symbol
sequence known to the mobilE station, from a base station, using a
plurality of caxriers for downward channels from the base stat~.on to the
mobile station, and which performs 25 communication with the base station,
using the channels multiplied by frequencywise same scrambling codes evezy
5   symbol period, the mobile station comprises: boundary detecting
meansfor calculating cross correlation allowing fox a phase diFference of
the scrambling codes, between frequencywise pilot symbol, sequences
received from the base 5 station, thereby detecting a radio frame boundary.
According to these aspects of the invention, thcmobile station calculates
the cross correlation allowing for the phase difference of the scrambling
codes, between frequencywise pilot symbol sequences (symbol sequences of 10
PLCHs) received from the base station, thereby detecting the radio frame
boundary. This permits the detection of frame boundariesfrom PLCHs
time-division-multiplexed with TCHs, without using the SCHs, which were
indispensable in the conventionalcell search. Therefore, the transmission
15 power of the base station used to be allocated to the SCHs can be
allocated to PLCHs or TCHs. Particularly, the PLCHs generally necessitate
the transmission power larger than the 5CIIs, because they are applied in
various uses including channel estimation on the 20 occasion of receiving
TCHs. Since the transmission power larger than before can be allocated to
such PLCHs, it is feasible to raise the probability of the detection of
frame boundary and scrambling code group . As a consequence, it is feasible
to provide the mobile communication system, the 2S mobile station, and the
channel synchronization establishing mothod enabling the highly accurate
cellsearch 6   



while decreasing the reduction of channel capacity and the interference
with TCI~s due to the transmission of SCHs. Preferably, the moba.le
communication system according to the present invention is configured so
that the base 5 station comprises: control information transmitting means
for sending a plurality of pilot symbol sequences in one radio frame and
for transmitting control information to the mobile station, using the phase
difference of a plurality of scrambling codes by which the plural~_ty of
pilot symbol 10 sequences are multiplied. Preferably, the
channelsynchronization establishing method according to the present
invention further comprises a control information transmitting step wherein
the bass station sends a plurality of pilot symbol. sequences in one 15
radio frame and transmits control. information to the mobile station, using
the phase difference of a plurality of scrambling codes by which the
plurality of pilot symbol sequences are multiplied. Namely, if there is
disagreement as to the phase 20 difference of, .scrambling codes (
including a phase di fference sequence) between the base station of a
sender and the mobilE station of a receiver, no correlation peak between
symbols will be observed in timing of the pilot symbol sequences.
Conversely, correlation peaks are observed only when there 25 is agreement
as to the phase difference between l:he sender and the recea,ver;
therefore, the base station can transmit 7   the control information to the
mobile station, using the phase difference. In the mobile communication
system according Lo the presentinvention,morepreferably, the
controlinformation 5 is a scrambling code group used by the base station.
1n the channel synchronization establishing method according to the present
invention, more preferably, the control information is a scrambling code
group used by the base station. 10 Namely, a plurality of phase differences
are prepared on the occasion of transmitting the control ~.nformation from
the base station to the mobile station by use of the phase difference, and
scrambling code groups are made correspondent Lo these phase differences.
Then the mobile 15 station performs the correlation detection using the
phase 



differences corresponding to thescrambling code groupsused in the base
station, and selects a phase difference With whi ch a correlation peak
between symbols becomES maxim~un, By performing the detection of scrambling
code group 20 simultaneous7.y with the detection of frame boundary in this
way, it is feasible to decrease the number of candidatEs of scrambling
codes as detection targets in the second step of the cell search. As a
result, it is feasible to achieve the fas t and accurate detection of
scrambling codes in the 25 third step. In the mobile communication system
according to the 8   present invention, the phase difference, on a
frequency interval basis, is a value falling within a scope of a coherent
bandwidth. In the channel synchronization establishing method 5 according
to the present invention, the phase difference, on a frequency interval
basis, is a value falling within a scope of a coherent bandwidth. According
to these aspects of the invention, the phase difference of the scrambling
codes by which the plurality 10 of pilot symbol sequences are multiplied,
on a frequency interval basis, is the value falling within the scope of the
coherent bandwidth. This adequateJ.y decreases fluctuationof
propagata.onpaths within the range of carriers in the number equal to the
phase difference. Accordingly, 1S it is feasible to prevent degradation of
correlation detection characteristics. In the mobile communication system
according to the present invention, the control information transmitting
meanstransmitsthe controlinrormation, using plural types 20 of pilot symbol
sequences. In the channel synchronization establishing method according to
the present invention, the control information transmitting step is to
transmit the control information, using plural types of pilot symbol
sequences. 25 Namely, if there is disagreement as to the types of pilot
symbol. sequences between the base station of a signal 



9   sender and the mobile station of a receiver, no correlation peak
between symbols will be observed i.n timing of pilot symbol sequences.
Conversely, correlation peaks are observed only when there is agreement as
to the i~ypes of 5 pilot symbol sequences between the sender and tre
receiver: therefore, it becomes feasible to transmit the control
information from the base station to the mobile station by use of the types
of pilot symbol sequences. In the mobile communication system according to
the 10 present inventa.on, the pilot symbol sequences are pseudo-random
sequences. In the channel synchronization establishing method according to
the present invention, the pilot symbol. sequences are pseudo-random
sequences. 15 Namely, if a cross correlationvaluebetweendifferent pilot
symbol sequences is large on the occasion of transmitting the control
information by use of the plural types of pilot symbol sequences,
theprobabilityof erroneous reception. of information will increase.
.A,ccording to these 20 aspects of the invention, the pseudo-random
sequences, wha.ch are sequences providing small cross correlation values,
are used as the pilot symbol seq~iences, whereby the erroneous reception of
~.nformation can be reduced. In the mobile communication system according
to the 25 present invention, the control, information is a scrambling code
group used by the base station. 10   In the channel synchronization
establa.shing method according to the present in~rention, the control
information is a scrambling code group used by the base station. Namely,
plural types of pilot symbol sequences are 5 prepared on the occasion of
transmitting the control information from the base station to the mobile
station by use of the pilot symbol seq~zences, and scrambling code groups
are made correspondent to these types of pi7.ot symbol sequences. 'Then.
the mobile station performs the 



10 correlation detection using the pilot symbol sequences corresponding to
the scrambling code groups used in the base station, and selects a pilot
symbol sequence with which a correlation peak between symbols becomes
maximum. By detecting~rhe scrambling code group simultaneously with the 15
frame boundary in this way, it becomes feasible to decrease the number of.
candidates of scrambling codes as detection targets in the second step of
the cell search. As a consequence, it is .feasible to achieve the fast and
accurate detection of scrambling codes in the third step. 20 preferably,
the mobile communication system according to the present invention is
configured so that the boundary detecting means of the mobile station
calculates the cross correlation between frequcncywise pilot symbol
sequences received f.r_om the base station and detects the radio frame 25
boundary, usingvalues resulting from normalization of cross correlation
values by reception powers of. the pilot symbol 11   sequences. Preferably,
the channelsynchronization establishing method according to the present
invention is configured so that in the boundary detecting step the mobile
station 5 calculates the cross correlation between frequencywise pilot
symbol sequences recea.ved from the base station and detects the radio
frame boundary, using values resulting from normaJ.ization of cross
correlation values by reception powers of the pilot symbol sequences. 10
Preferably, the mobile station according to the present inventior_ is
configured so that the boundary detecta.ng means calculates the cross
correlation between frequencywise pilot symbol sequences received from the
base sta~Lion and detects the radio frame boundary, using values 15
resulting from normalization of cross correlation values by reception
powers of the pilot symbol sequences. Accorda.ng to these aspects of the
invention, the peak detection is carried out using the cross correlation
values normalized by the reception powers of the pilot symbol 20 sequences,
instead of directly using the cross correlation value at each time, wherEby
it becomes feasible to perform the correlation detection with higher
accuracy and wa.th less error. More preferably, the mobile communication
system 2~ according to the present invention is configured so that 



the boundary detecting means calculates the crass 1?   correlation between
a pilot Symbol sequence separated by FFT processing and a pilot symbol
sequence resulting from multiplication by scrambling codes with a delay of
a phase difference of one symbol per od with respect to the pilot 5 symbol
sequence separated by FFT processing, thereby detecting the radio frame
boundary. More preferably, the channel synchronization establishing method
according to the present invention is configured so that in the boundary
detec~~ing step the mobile 10 station calculates the cross correlation
between a pilot symbol sequence separated by F'F".t' processing and a pilot
symbolsequence resulting from multiplication by scrambling codes with a
delay of a phase difference of one symbol period with respect to the pilot
symbol sequence separated by FFT 15 processing, thereby detecting the radio
frame boundary. More preferably, the mobile station according to the
present invention is configured so that the boundary detecting means
calculates the cross correlation between a pilot symbol sequence separated
by FFT processing and a 20 pilot symbol sequence resulting from
multiplication by scrambling codes with a delay of a phase diLFerence of
one symbol period with respect to the pilot symbol sequence separated by
FFT processing, thereby detecting the radio frame boundary. 25 According to
these aspects of the invention, it becomes feasible to implement highly
accurate detection of frame 13   boundaries for frames in each of
whichpilot symbol sequences of two symbols are multiplexed in time division
at the head and at the end, as well as frames in each of which a pilot
symbol sequence of one symbol is multiplexed in time 5 division.
Furthermore, the mobile communication system according to the present
invention is configured so that the boundary detecting means calculates the
cross correlation between a pilot symbol sequence separated by l0 FFT
processing and pilot symbol sequences resulting from multiplication by
scrambling codes with delays of phase differences of a predetermined symbol
period with respect to the pilot symbol sequence separated by FFT
processing, thereby detecting the radio frame boundary, and so that the 15
control information transmitting means transmits the scrambling code groups
corresponding to the phase differences. Furthermore, the channel
synchronization establishing method according to the present invention is
20 configured so that in the boundary detecting step the mobile station
calculates the cross correlation between a pilot 



symbol sequence separated by FFT processing andpilot symbol
sequencesresulting from multiplication byscrambling codes with delays oL
phase differences of a predetermined symbol 25 period with respect to the
pilot symbol sequence separated by FFT processing, thereby detecting the
radio frame 14   boundary, and so that in the control information
transmitting step the base station transmits the scrambling code groups
corresponding to the phase differences. Namely, a plurality of phase
differences are prepared 5 on the occasion of transmitting the control
information from the base station to the mobile station by use of the phase
dif,fercnces, and the scrambling code groups are made correspondent to
these phase differences. Then the mobile st~.Lion performs Lhe correlation
detection using the phase 10 differences corresponding to the scrambl i.ng
code groups used in the base station, and selects a phase difference with
which a correlation peak between symbols becomes maximum. By detecting the
scrambling code group simultaneously with the frame boundary in this way,
it becomes feasible to reduce 15 the number of candidates of scrambling
codes as detection targets in the second step of the cell search. As a
consequence, it becomes feasible to achieve the fast and accurate detection
of scrambling codes in the third step. The present invention will become
more gully 20 understood from the detailed descxa.ption given herein below
and the accompanying drawings which are given by way of illustration only,
and thus are not to b~ considered as liiz~iting the present invention.
Further scope of applicability of the present 2S invention will become
apparent from thedetaileddescription given hereinafter. ~iowever, it should
be understood 'that 15   the detailed description and specific examples,
while indicating preferredembodimentsoftheinvention,are given by way of
illustration only, since various changes and modifications within the
spirit and scope of the inventa.on 



5 will become apparent to those skilled in the art Srom this detailed
description. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a diagram showing
the frame architecture of the received signal Lransmitted and received
through the 10 use of the OFCDM system in the prior art. Fig. 2 is a block
diagram showing the functional configuration of the mobile
communicationsystemin the First embodiment. Fig. 3 is a diagram showing the
frame architecture 15 of Lhe received sigr_al transmitted and received
through the use of the OFCDM system in the present invention. Fig . 4 is a
diagram showing a phase state of scrambling codes by which each frame is
multiplied, and an output example of cross correlation values between pilot
symbol sequences 20 in the first embodiment. Fig. 5 is a block diagram
showing the functional configuration of the mobile communication system in
'the second embodiment. Fig. 6 is a diagram showing a phase state of
scrambling 25 codes by which each frame is multiplied, and an output
example of cross corrElation values between pilot symbol sequences 16   in
the second embodiment. DESCRIPTION OF THE PREFERRED EMBODIMENTS First
Embodiment The first embodiment of the mobile communication 5 system
according to the present invention will be described 



below with reference to the accompanying drawings. Fig. 2 is a block
diagram showing the functional configuration of the mobile communication
system in the present embodiment . As shown in Fig. 2, the mobii,e
communication system 7. is 10 comprised of at 7.east mobile station 10 and
base station 30. The mobile commun~.cation system 1 is configv.red to
implEment transmission and reception of signals by use of the OFCDM
(Orthogonal FrequencyandCode Division Multiplex) system, which is a typical
example of the frequency and code 15 division multiplex systems using a
plurality of carriers (carrier waves) , between the mobile station 10 and
the base station 30. The mobile station 10 has the following configuration
in order to carry out the detection process of frame boundary 2o in the
second step of the cell search. Namely) the mobile station 10 is provided
with a symbol boundary detector 11, an S/P converter 12, an FFT (Fast
Fouri.er Transform) processor 13, a frame delay device 14, a phase
difference detector 15, a correlator 16, and a peak detector 17. 25 The
symbol boundary detector 11 detects symbol boundaries of_ received signal
40a transmitted from the base 1. 7   station 30. The S/P converter 12
performs serial-to-parallel conversion of the received signal 40a after Lhe
detection of symbol bo~~ndara.es by the symbol boundary detector 11. The
FFT processor 13 acquires the 5 received signal 40a after converted into
parallel signals by the S/P converter 12 and separates each frame forming
the received signal 40a, into symbol sequences. The frame delay device 14
outputs frequencywise symbol. sequences with a delay of one frame with
respect to each 10 frame separated into symbol sequences by the I~'FT
processor 13, to the phase difFerence detector 15 described below. The
phase difference detector 15 detects a phase difference of scrambling codes
between a frame separated into symbol sequences by the FFT processor 13 and
a frame delayed by 15 one frame by the frame delay device 14. The
correlator 16 calculates a cross correlation value allowing for the phase
difference detected by the phase difference detector 15, between the above
separated frame and the frame delayed by one frame. The peak detector 17 20
(corresponding to the boundary detecting means) detects a frame boundary of
the received Signal, 40a from a pilot symbol sequence at a time when a
ir~aximum (correlation peak) is observed, with reference to the cross
correlation values calculated by the correlator 16. 



25 Fig. 3 is a diagram showing the frame architecture of the received
signal 40a transmitted and received using i~   the OFCDM system. In Fig. 3,
the time is defined along the t-axis direction, the frequency along the
f-axis direction, and the transmission power along the p-axis direction .
As shown in Fig. 3, the received signal 40a consists of hCHs S (Traffic
Channels) and PLCHs (Pilot Channels) multiplexed in time division. The
received signal 40a does not include any SCH (Synchroni.zation Channel) as
a constituent, different from the frame architecture described in Prior
Art. 10 The procedure for the mobile station 10 to detect a frame boundary
of the received signal 40a will be described below with reference to Fig.
9. Fig. 4 is a diagram showing a phase state of the scrambling codes by
which the frames having the architecture shown in Fig. 3 are multipJ.ied,
and 15 an output example of cross correlation values between pilot symbol
sequences. As shown in Fig. 4, one frame consists of M carriers having N
symbols per unit. Namely, one frame consists of NxM symbols . In the
present embodiment, a PLCH of one symbol 20 is placed in each carrier at
the head of each frame (e . g. , t(i-N~~1)). Each frequencywise symbol
sequence is multiplied by a scrambling code sequence [c1= [cn, cl, c2, . .
. , ctM-1~ 1 in the same frequency direction as that of the symbol sequence
. It is assumed in the present embodiment that the 25 phase of the
scrambling codes is equal in every period of each symbol sequence. 19
Under the above circumstances, a frequencywise received symbol rl~ at time
i and in the jth carrier is e.~pressed by Eq (1) below. ", 1 ' ~( ) 5 In
the above equation, sib denotes a frequencywise transmitted symbol at time
i and in the jth carrier, and fig a propagation path vector at time i and
i,n the j th carrier . 



The background noise component will be ignored. The mobile station 10
detects the symbol boundaries ZO through the use of guard intervals or the
like :in the first step o~ the cell search, and thereafter calculates the
cross correlation between a received symbol sequence [rii]=[rio. xil, r~a,
. . r;, rM_m ] at each time i and a received symbol sequence (rri-N>>
}=(rri-rr)o. rrs.-N)i. rci-Nyz. . . ., rr.~-N) fM-1) ) o'ne 15 frame
preceding to the .frame incJ.uding the received symbol. sequence at each
time i. The cross correlation value yi at time i is represented by Eq (2)
below. M -1 Y~ _ ~r,r (a. No M ., (2) -' L.afi, (r N)J`ri!'s (i-N)~Gd r' !
~=n When the temporal fluctuation of propagation paths 20 can be assumed to
be sufficiently slow relative to one frame time (a period of N symbols) ,
the following re J.atian holds: fl~f* ri_N~~=~ fig I' . Since c)c*3=1, Eq
(2) can be rewritten as h~q (3) below. 20   s yt - ~ 1. f7l 2 .r~~,s (i_N)l
w ( 3 ) ~=o Since signals transmitted by TCHs are those subjected to
a.nformation modulation and a plurality of channels are multiplexed, there
is no correlation between a transmitted 5 symbol sequence {sly}={slog s~,,
s;,2, ..., si~M-~~} at time i and a transmitted symbol sequence {s~i-N>j
}=Is~~_Ny~,, s~;,_Nv, sli-N)~r .   r S[i-N) IM-~~ ? one frame preceding to
the frame including the transmitted symbol sequence at time i., and thus yi
must take a sufficiently small value. In contrast 10 to it, since the same
symbol sequence is transmitted in PLCH in each frame, si~s* (1_N~~=1 in the
case of PLCH. Accordingly, we obtain the following equation. yf=~~f~~a 



Namely, the real part of yl takes amaximum (correlation 15 peak) at the
time of each PLCH (t(i-N+1) in Fig. 4), and thus a frame boundary can be
detected by determining the time i when the real part of y,, becomes
maximum. In the mobile communication system 1 of the first embodiment, as
described above, the mobile station 10 detects 20 the radio
frameboundarybycalculatingthecross correlation allowing for the phase
difference of the frequencywise same scrambling codes, between the
frequencywise pilot symbol sequences (symbol sequences of PLCHs ) received
from the base station 30. This permits the detection of Lrame boundary 21
from the PLCHs multiplexed in time division with TCHs, without using the
SCHs indispensable in the conventional cell search. Accordingly, the
transmission power of the base station used to be allocated to the SCHs can
be allocated to the PLCHs or TCHs. ParticularJ_y, the PLCHs generally
necessitate the larger transmission power than the SCHs, because they are
applied in various uses including the channel estimation on the occasion of
receiving the TCHs. Since the larger 10 transmission power Lhan before can
be allocated to such PLCHs, it is feasible to raise the probabiliL.y of the
detection of frame boundary and the probability of the detection of
scrambling code group. As a consequence, it is feasible to provide the
mobile communication system, 15 channel synchronization establishing
method, and mobile station enabling the highly accurate cell search while
decreasing the reduction of channel capacity and the interference with TCHs
due to the transmission of SCHs. Second Embodiment 20 ,The following will
describe the mobile communication system in the second embod~.ment, which
is a modifica~rion of the first embodiment. Fig. 5 is a block diagram
showing the functional configuration of the mobile communication system in
the present embodiment. As shown in Fig. 5, the 25 mobile communication
system 2 is comprised of at least mobile s~tatiox~ 20 and base station 30.
The mobile communication 22  



system 2 is confa.gured to perfoxm transmission and reception of signals by
use of the OFCDM system between the mobile station 20 and the base station
30 . The mobile communication system 2 is different from the mobile
communication system 5 1 in the first embodiment in that it is configured
on the assumption that PLCHs are multiplexed in time division one symbol
each at the head and at the end in each frame, i . e. , a total of two
symbols are multiplexed in time division in each frame. 1o The mobile
station 20 has the following configuration in order to carry out the
detection process of frame boundary in the second step of the cell search..
As shown in Fig. 5, the mobile station 20 is provided with a symbol
boundary detector 21, an S/P converter 22, an FFT processor 23, a 15 pilot
symbol sequence multj.plier 28, a frame delay device 24, a phase difference
detector 25, a correlator 26, and a peak detector 27. The symbol boundary
detector 21 detects the symbol boundaries of received signal 40b
transmitted from the base 20 station 30. The S/P converter 22 performs
serial-to-parallel conversion of the received signal 40b after the
detection of symbol boundaries by the symbol boundary detector 21. The FF'f
processor 23 acquires the received signal 40b after converted into parallel
signals 25 by the S/P convexter 22 and separates each frame forming the
received signal 40b, into symbol sequences. The pilot 23   symbol sequence
multiplier 28 multiplies each symbol sequence separated by the FFT
processor 23, by a complex conjugate of the pilot symbol sequence and
outputs each received symbol sequence to the frame delay device 24 and 5 to
the cor.relator 26. The frame delay device 24 outputs a received symbol
sequence with a delay of one symbol period witY~ respect to the received
symbol sequence outputted from the pilot symbol sequence multiplier 2a, to
the phase difference detector 10 25 described below. The phase difference
detector 25 detects the phase difference of the scrambling codes between
the received symbol sequence outputted from the pilot symbol sequence
multiplier 28 and the received symbol sequence delayed by one symbol period
by the frame delay device 24. 15 The correlator 26 calculates the cross
correlation value allowing for the phase difference detectedby the phase
dif ference detector 25, between the above recei~red symbol sequence thus
outputted, and the received symbol sequence with the delay of one symbol
period. The peak detector 27 20 (corresponding to the boundary detecting
means) detects a frame boundary of the received signal 40b from the pi7.ot
symbol sequence at the tame when a maximum (correlationpeak) is observed,
with reference to the cross correlal.ion va~.ues calculated by the
correlator 26. 



25 The base station 30 is provided with a control information t,r.ansmitter
31. The control information 24   transmitter 31 (corresponding to the
control information transmitting means) transmits the received signal 40b
to the mobile station 20. More particularly, the control information
transmitter 31 sends a plurality of pilot symbol. 5 sequences in one framo,
using the received signal 40b, and transmits the control information to the
mobile station 20, using the phase difference of aplurality of scrambla.ng
codes by which the plurality of pilot symbol sequences are multiplied. 10
The procedure for the mobile station 20 to detect a frame boundary of the
received signal ~lOb will be described below with reference to Fig. 6. Fig.
6 is a diagram showing a phase state of scrambling codes by which each
frame is mul~tipl~.ed, and an output exampleof cross correlationvalues 15
between pilot symbol sequences. As shown in Fig. 6, one frame consists of M
carriers each including N symbols per unit. Namely, one frame consists of
NXM symbols. In the present embodiment, PLCHs are arranged one symbol each
at the head of each frame (e.g., 20 t (z-N-~1) ) and at the end o.C each
frame (e.g., t (i-1) ) in every carrier. Each fx:equencywise symbol
sequence is multiplied by scrambling codes (c' } (c'~+kM=c~ (k=0, t1, 2, .
. . ) ) in the same frequency direction as that of the symbol sequence, and
with the phase differing e~rery symbol period. 25 It is assumed in the
present embodiment that the phase dif.fercnce of the scrambling code
sequences is L symbols 25   between each set of adjacent symbol sequences,
for convenience' sake of explanation. Under the above condifiions, a
recei~red symbol r' i1 at time i and in the jth carrier is expressed by Eq
(4) below, r .~ ~ -( ) 5 r rj - f~ sij C (i-rr.~ . , The mobile station 30
detects the symbol. boundaries tk~rough the use of guard intervals or the
like ~.n the First s Eep of the cell search and thereaf Ler first
multiplies the received symbol sequence at each time i by the complex 



10 conjugate of the pilot symbol sequence {p* }={p*o, p*i. p*r, . . .,
p*~M-1~ } . Supposing the result is {xii)={xio~ xin, xl9r -  - ~ x~cM-> > }
~ xij is zepresented by Eq (5) below. r =.f. Then the mobile station
calculates the cross 15 correlation between each symbol sequence {x;,~ }
and a symbol sequence obtained by shifting the symbol sequence (x~i-1 } one
symbol periodpreceding thereto, by L symbols . The cross correlation value
y' i at this time is represented by Eq ( 6) below. Y i = lrxrJx G-oiwL) 20
M p ..... (6) - ~fyf (i 1)~J'L)SrJs C~-t)~J-L)G'~,I ~~)C' ~J-~)~~ JP(J L) 0
When it can be assumed herein that ~:he temporal fluctuation of propagation
paths is sufficiently slow re7,ative to one syi((bol period and that the
fluctuation of) 26   propagation paths is suffic~,ently small in the range
of L carriers, the following relation holds : fi~f* ~l_, ) (:,+L)= I f~~ I'
. Since c'~c'*1=1, Eq (6) can be rewritten as Eq (7) below. ~ * * y'~ -
~~f~Jl 2 Skis (~-I)(i-L)p jp(j-r.> "., (~) j~l) 5 Since the signals
transmitted by TCHs are those subjected l:o information modulation and a
p7.urality of channels are multiplexed, there is no cor.relati.on between
{si} and {p}, and y',~ must Lake a small value (a value close to 0). In
contrast to it, supposing the same sequence is 10 transmitted in each
symbol. period of PLCH, s;,jp*~;=1 in the case of PLCHs. AGCUrdingly, we
obtain the following equation. Y~r = ~Lf~ 4 z j-U Namely, since the real
part of y'i takes a maximum 15 correlation peak value in the timing of
PLCHs (t (i-N+1) and t(i-1) in Fig. 6), the frame boundary can be detected
by determining the time i where the real part of y',, becomes 



maximum. The phase difference L should be determined, as 2o described
above, on the assumption that the fluctuat~.on of propagation paths is
sufficiently small in the range oi: L carriers. The reason is that large
fluctuation of propagation paths will degrade the correlation detection
characteristics . In order to avoid it, the phase da.fference 27   L should
be so set that the phase dif ference ?~ on a frequency interval basis falls
within a scope smaller, than the coherent bandwidth (1/6 [Hz] where Q [s]
is a delay spread of propagation paths). 5 Referring to Eq (7) , the
correlata.on peaks will not be observed in the timing of PLCHs unless there
is agreement as to the phase difference L (including the phase difference
sequenced between the base station 30 of a sender and the mobile station 20
of a receiver. Conversely, correlation 10 peaks are observed only when
there is agreement as Lo the phase difference L between the sender and the
receiver: it is therefore feasible to transmit the control information from
the base station 30 to the mobile station 20 by use of the phase difference
L. 15 For example, a plurality of phase differences are prepared on the
occasion of transmitting the control information from the base station 30
to the mobile station 20byuseofthephasedifferences, andscramblingcodegroups
are made correspondent to the respective phase differences . 20 Then the
mobile station 20performs the correlation detection using the phase
differences corresponding to the scrambling code groups used in the base
station 30, and selects a phase difference L with which the
correlationpeakbecomesmaximum. The mobile station detects the frame
boundary and the 25 scrambling code group simultaneously in this way.
~.Chis operation makes i,t feasible to reduce the number of 28   candidates
of scrambling codes as detection targets in the second step of the cell
search, As a consequence, it ~s feasible to achieve the fast and accurate
detection of scrambling codes in the third step. 5 Furthermore, in the case
where PLCHs exist over three or morn symbol periods in one frame, as in the
case of code division multiplexing of PLCHs and TCHs, the phase differences
of scrambling codes betweenPLCHs canbeprovided as a sequence. In this oase,
the control ~.nformation can 10 be put on the phase difference sequence and
it is thus possible 



to increase the amount of information that can be transmitted. As apparent
from Eq ('7) , the correlation peaks will not be observed in the timing of
PLCHs unless there is 15 agreement as to the type of the pilot symbol
sequences {p? between the base station 30 of a sender and the mobile
station 20 of a rece~.ver. By preparing plural types of pilot symbol
sequences, therefore, it becomes feasible to transmit the control
information of scrambling code groups or the like 20 used in the base
station 30, from the base station 30 to the mobile station 20, using them.
In this case, if the cross correlation value is large between da.fferent
pilot symbol sequences, the probability of erroneous reception of
information will increase. For this reason, it is 25 preferable to use
sequences providing cross correlation values as small ~.s possible, for
example, pseudo-random 2g   sequences as the pilot symbol sequences. The
cross correlation values obtaa.ned at the tines other than those of the
frame boundaries are dependent upon the power of the received symbol
sequence; the larger the power of the received symbol sequence, the larger
the cross correlation value becomes. For this reason, in the case of the
fxame architecture shown in rig. 3, if Lhe power of `1'CHs is greater than
that of PLCHs, relatively large cross correlation values will also be
calculated at the times other 10 than those of the frame boundaries and the
probability of correct detection of correlation peak will be lowered.
Therefore, the mobile station 2o performs the peak detection using values
resulting from normalization of the cross correlation values by reception
powers of the received symbol 15 sequences, instead of directly using the
cross correlation value at each time . This enables the correlation
detection with higher accuracy and with less error. From the invention thus
described) it will be obvious that the embodiments of the invention may be
varied in many 20 ways . Such variations are not to be regarded as a
departure from the spirit and scope of the invention, and all such
modifications as would be obvio,~s to one skilled in the art are intended
for inclusion within the scope of the following 



claims. 25 30   WHIT IS CLAIMED IS 1. A mobile co~ununication system which
comprises a base station and a mobile station and in which the base station
transmits a pilot symbol sequence known to the mobile 5 station, to the
mobile station, using a plurality of carriers for downward channels, and
performs communication with the mobile station while multiplying the
channels by frequencywis~ same scrambling codes every symbol period,
wherein the mobile station comprises boundary 10 detecting means for
calculating cross correlation allowing for a phase difference of the
scrambling codes, between frequencywise pilot symbol sequences received
from the base station, thereby detecting a radio frame boundary. 2_ The
mobile communication system according to 15 Claim 1, wherein the base
station comprises: control information transmitting means for sending a
plurality of piJ.ot symbol sequences in one .radio frame and for
transm~.tting control information to Lhe mobile station, using the phase
difference of a plurality of 2o scrambling codes by which the plurality of
pilot symbol sequences are multiplied. 3. The mobile communication system
according to Claim 2, wherein said control information is a scrambling code
group used by the base station. 25 4. The mobile communication system
according to Claim 1., wherein said phase difference, on a frequency :31
interval basis, is a value falling within a scope of a coherent bandwidth. 



5. The mobile commun;_cation system according to Claim 2, whereinsaid
controlinformation transmitting means 5 transmits the control information,
using plural types of pilot symbol sequences. 6. The mobile coitununication
system according to Claim 5, wherein said pilot symbol sequences are
pseudo-z~andom sequences. 10 7. The mobile communication system according
to Claim 5, wherein said control information is a scrambling code group
used by the base station. 8. The mobile communication system according to
Claim 1, wherein the boundary detecting means of the mobile 25 station
calculates the cross correlation between frequencywise
pilotsymbolsequencesreceived from the base station and detects the radio
frame boundary, using ~ralues resulting from norma7.ization of cross
correlation values by reception powers of the pilot symbol sequences. 2o 9.
The mobile communication system according to Claim 1, wherein said boundary
detecting means calculates the cross correlation between a pilot symbol
sequence separated by FFT processing and a pilot symbol sequence resulting
from multiplication by scrambling codes with a 25 delay of a phase
difference of one symbol period with respect to the pilot symbol sequence
separated by ~'xT processing, 32   J thereby detecting the radio frame
boundary. 10. The mobile communication system according to Claim 3, wherein
said boundary detecting means calculates the cross correlat,i.on between a
pilot symbol sequence 5 separated by fFT processing and pilot symbol
sequences 



resulting from multiplication by scrambling codes with delays of phase
differences of a predetermined symbol period with respect to the pilot
symbol sequence separated by FFT processing, thereby detecting the radio
frame boundary, and 1o wherein said control information transmitting means
transmitsscrambling codegroupscorresponding to said phase differences. 11,
A channel synchronization establishing method in a mobile communication
system which comprises a base 15 station and a mobile station and in which
the base station transmits a pilot symbol sequence known to the mobile
station, to the mobile station, using a plurality of carriers for downward
channels, and performs communication with the mobile station while
multiplying the channels by 20 frequencywise same scrambling codes every
symbol period, said channel synchronization establishing method comprising:
a boundary detecting step wherein the mobile station
calculatescrosscorrelation allowing for_a phase difference 25 of the
scrambling codes, between frequencywise pilot symbol sequences received
from the base station, thereby detecting 33   a radio frame boundary. 12.
The channel synchronization establishing method according to Claim 11,
further comprising a control informationtransmitting step wherein thebasc
stationsends 5 a plurality of pilot symbol sequences in one radio frame and
transmits control information to the mobile s~Lation, using the phase
difference of a plurality of scrambling codes by which the plurality oL
pilot symbol sequences are multiplied. 10 13. `The channel synchronization
establishing method according to Claim 12, wherein said control information
is a scrambling code group used by the base station. 



14. The channel synchronization establishing 15 method according to Claim
11, wherein said phase difference, on a ~xequency interval basis, is a
va7.ue falling within a scope of a coherent bandwidth. 15. The channel
synchronization establishing method according to Claim 1.2, wherein said
control 2~ information transmitting step is to transmit the control
information, using plural types of pilot symbol sequences. 16) The channel
synchronization establishing method according to Claim 1~, wherein sa~.d
pilot symbol sequences are pseudo--random sequences. 25 17. The channel
synchronization establishing method according Lo Claim 15, wherein said
control 34   information is a scrambling code group used by the base
station. 18. The channel synchronization establisha.ng method according to
Claim 11, wherein in said boundary 5 detecting step the mobile station
calculates the cross correlation between frequencywise pilot symbol
sequences received from the base station and detects the radio frame
boundary,using values resulting fromnormalLZation of cross correlation
values by reception powers o.C the pilot symbol 10 sequences. 19. The
channel synchronization establishing method according to Claim 11, wherein
in said boundary detecting step the mobile station calculates the cross
correlation between a pilot symbol sequence separated by 15 FFT processing
and a pilot symbol sequence resulting from multiplication by scrambling
codes with a delay of a phase difference of one symbol period with respect
to the pilot symbol sequence separated by FFT processing, thereby detecting
the radio frame boundary. 20 20. The channel synchronizat~.on establishing 



method according to Claim 13~ wherein in said boundary detecting step the
mobile station calculates the cross correlation between a pilot symbol
sequence separated by FFT processing and pilot symbol sequences resulting
from 25 multiplication by scrambling codes with delays of phase differences
of a predetermined symbol period with respect 35   to the pilot symbol
sequence separated by FFT processing, thereby detecting the radio frame
boundary, and wherein in said control information transmitting step the
base station transmits scrambling code groups 5 corresponding to said phase
differences. 21. A mobile station which receives a pilot symbol sequence
known to the mobile station, from a base station, using a plurality of
carriers for downward channe7,s from the base station to the mobile
station, and which performs 1o communication with the base station, using
the channels multiplied by frequencywise same scrambling codes every symbol
period, said mobile station comprises: boundary detecting means fox
calculating crOSs correlation allowing for aphase diLference of the
scrambling 15 codes, between frequencywise pilot symbol sequences received
from the base station, thereby detecting a radio frame boundary. 22. fhe
mobile station according to Claim 21,, wherein said boundary detecting
means calculates the cross 20 correlation between frequencywise pilot
symbol sequences received from the base station and detects the radio frame
boundary, using values resulting fromnormalizationof, cross correlation
values by reception powers of the pilot symbol sequences. 25 23. The mobile
station according to Claim 21, wherein said boundary detecting means
calculates the cross 36   correlation between a pilot symbol sequence
separated by FFT processing and a pilot symbol sequence resulting from
multiplication by scrambling codes with a delay of a phase difference of
one symbol period with respect to the pilot 



5 symbol sequence separated by FFT processing, thereby detecting the radio
frame boundary. 37
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