='5 SEP 2003 -1 SYNC SI GNAL TRANSM SSI ON METHOD | N CDVA MOBI LE
COVMUNI CATI ONS SYSTEM AND CDVA MOBI LE COMMUNI CATI ONS SYSTEM BACKGROUND OF
THE | NVENTION FIELD OF THE I NVENTION 5 The present invention rel atg$fR ¢)pa
sync signal transm ssion nethod in a (Code Division Miultiple Access)
mobi | e comuni cati ons system a CDVA nobile conmunications system and a
base station. 10 DESCRI PTI ON OF RELATED ART A nobil e conmuni cation system
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shown in Fig. 1, such a system conprigsgsr@yipl urality of base stations 10

to cover the divided radio zones (cells), and nobile stations 20 to

comuni cate with the base BACKGROWNDYOPSITME i MWBRNTI@® 0 channel s. The
radio signal transmtted froma base station 10 20 at certain transm ssion

power travels through space with a certain attenuation, and arrives at a
receiving site. The attenuation the radi o signal undergoes, increases with
the di stance between the tranS8hELDi OF SREt RNVEMJdION ng sites. Hence, it
I's conmmon that a perch channel 25 transmitted froma distant base station
10 is received at a lower received level, and a perch channel transmtted
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transmission method in a CDMA (Code Division Multiple
Access) mobile communications system, a CDMA mobile

communications system and a base station.
10 DESCRIPTION OF RELATED ART

Amobile communication system like awidespread mobile
phone system offers its services by dividing the entire
service area into rather small radio zones called cells.

15 As shown in Fig. 1, such a system comprises a plurality
of base stations 10 to cover the divided radio zones (cells),
and mobile stations 20 to communicate with the base
stations by establishing radio channels.

The radio signal transmitted from a base station 10

20 at certain transmission power travels through space with
a certain attenuation, and arrives at a receiving site.
The attenuation the radio signal undergoes, increases with
the distance between the transmitting and the receiving
sites. Hence, it is common that a perch channel

25 transmitted from a distant base station 10 is received at
a lower received level, and a perch channel transmitted
from a near base station 10 is received at a higher received

level. 1In practice, however, the propagation loss is not



| evel . In practice, however, the propagation loss is not - 5 SEP 2003 - 2
determ ned only by the distance, but varies depending on such conditions
as the geography and buildings. As a result, the received power Qj%ﬁge ]
perch channels fromthe base stations 10 fluctuate sharply as the '?@
stations 5 20 nove. In the condition in which the received levels of the
perch channels fromthe base stations 102f}uctuate always, perches above a
required received level alters incessantly such that the received |evel of
t he current gerch dr ops suddenl or the received | evel of a perch 10
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spreadi ng code assigned to the user. Each spreading code, used for
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i dentical to the qug{h of on
incessantly such that the received level of the current

perch drops suddenly, or the received level of a perch
10 unreceivable increases abruptly above the receivable
level. Thus, toreceive the signals from the base stations
10 with better quality, it is important for the mobile
stations 20 to continuously monitor the perches from the
base stations 10, and to select the best base station 10.
15 Direct Sequence CDMA (DS-CDMA) is a scheme for
multiple users to carry out communications using the same
radio frequency band. This is established by spreading
the spectrum of the data modulated signal of each user with
a spreading code. The radio signal of each user is
20 identified by a spreading code assigned to the user.
FEach spreading code, used for spreading signals in
the DS-CDMA mobile communications system, is a combination
of a short period spreading code and a long period spreading
code. The short period spreading codes have the same
25 repetition period identical to the length of one
information symbol, and are used commonly by all the base
stations. In contrast, the long period spreading codes

have a repetition period longer than the length of the



I nformati on synbol, and are used commonly by all the base stations. In
contrast, the long period spreading codes have a repetition period |onger
than the length of the '-'5 SEP 2003 - 3 information synbol, and vary from
base station to base station. Fig. 2 is a schematic diagramill ust§&EP i)l
the spreading codes usage in the DS-CDVA nobil e comunications 5 system
In Fig. 2, the upper |ayer represents thg tong period spreading codes
assigned to the base stations, and the |ower |ayer represents the short
period spreading codes comonly used by all base stations. Signals
transmitt edlDHOEMEH IR hSHEDO Ist ARSnVALY TR PRES @FQQkPWOﬁQ Pé&Si%d
spreadi ng code yni quely assigned to the base station. Fig. 3is a
schematic df5gFamB1 I ustrating an exanple of timing relationships anong the
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timng of t | ong period spreading codes received by the nobile station

t akes plsacespstlegndom 20 for the individual base stations. Therefore, in an
asynchronous nobile. conmunication system nobile stations nust search for
a perch qui ckly Intibisg.sp etble ngppetdel agdrpheps eman tuskifoevi.onyg frariadt hod

spreading codes assigned to the base stations, and the
lower layer represents the short period spreading codes
commonly used by all base stations. Signals transmitted
10 from each base station are identified by the long period
spreading code uniquely assigned to the base station.

Fig. 3 is a schematic diagram illustrating an example
of timing relationships among the long period spreading
codes a mobile station receives from a plurality of base

15 stations.

Fig. 3 supposes an asynchronous mobile communications
system requiring no synchronization among the base
stations. Hence, the timing of the long period spreading
codes receivedvby the mobile station takes place at random

20 for the individual base stations.

Therefore, in an asynchronous mobile communication
system, mobile stations must search for a perch quickly
whose spreading code and phase are unknown. A fast method
to acquire a spreading code and its arbitrary phase is

25 described in a document by K. Higuchi, M. Sawahashi and
F. Adachi, "Fast Cell Search Algorithm In Inter-Cell
Asynchronous DS-CDMA Mobile Radio”, IEICE Trans. Commun.,
Vol. E81-B, No. 7, July 1998. The method provides a



to acquire a spreading code and its arbitrary phase is 25 described in a
docunent by K. Higuchi, M Sawahashi and F. Adachi, "Fast Cell Search
Algorithmin Inter-Cell Asynchronous DS-CDVA Mbil e Radi 0", |EICE Trans.
Conmmun., Vol. E81-B, No. 7, July 1998. The nethod provides a = 5 SEB{RQISI
- 4 "masking synbol" to parts of the perch channel which undergoes double
spreadi ng by the short period spreading 4code and | ong period spreadi ng
code. Here, the "masking synbol" is spread only by the short period
spreading code 5 without using the long period spreading code. Fig. 4 is a
schemat i ¢ di'mgiskirng | sgnbatli'ng@ partst ofe thef wepehckhammnkel vhEchst, the
mobi | e station despreads the received signal using a short period
spreadi ng cBBgedgffohidowais sprepdifly hdhsasherhtPerdodTspraathbngs t he
eak _at the timng of a nasking, synbol of the

nmobi |l e station to detect a
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bel onging to the group determned in the second step as
of a perch channel.
First, the mobile station despreads the received
signal using a short period spreading code commonly used

10 by all the base stations. This enables the mobile station
to detect a peak at the timing of a masking symbol of the
received signal independently of the types of the long
period spreading code (first step).

Subsequently, at the timing extracted in the first

15 step, the mobile station detects a long period spreading
code group code superimposed on the masking symbol, and
identifies the group to which the long period spreading
code assigned to the intended base station belongs (second
step).

20 Finally, considering the long period spreading code
belonging to the group determined in the second step as
the set of candidates, the mobile station identifies the
long period spreading code used by the base station (third
step).

25 In a system to which this method is applied, long
period spreading codes are divided into groups in advance.

As described above, the mobile communications system

comprises a lot of base stations, and each cell consists



the set of candidates, the nobile station identifies the |ong period
spreadi ng code used by the base station (third step). 25 In a systemto
which this nethod is applied, long period spreading codes are divided into
groups in advance. As described above, the nobile conmunications sys¥EE]
conprises a |ot of base stations, and each cell consists ''5 SEP 2003 - 5
of sectors covered by directional antenngas. Accordingly, the nobile
stations nust receive signals sent froma great nunber of sectors. In
addition, the signals transmtted fromthe sectors are reflected off

sur r oundi nehyactags covaded byddireatd ongly apdennaef orACaPridingl e t he
nobi |l e stations. Cbnsequentl , the signals fronlthe sect ES |nclude nany
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the load o € stations in carryling ou e neig rirng ce
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of the base stations. HE | NVENTI ON The present invention is

i mpl ement edst@tsohnee. t ldnghenedsi nains opignulkt firom hehef ereetanrsbj ect
of the present invention to provide a techni que capabl e of
include many delayed waves.
As a result, with respect to the great number of the
signals, the mobile stations must identify the long period
10 spreading code and establish timing synchronization in
such a condition as the codes or timings are unknown. This
presents an important problem of increasing the load on
the mobile stations in carrying out the neighboring cell

search or base station selection, thereby impairing

15 selection accuracy of the base stations.
SUMMARY OF THE INVENTION

The present invention is implemented to solve the
20 foregoing problem. It is therefore an object of the
present invention to provide a technique capable of
reducing the load on a mobile station to identify the long
period spreading code and to establish the timing
synchronization, and capable of increasing the selection
25 accuracy of the base station.
In a first aspect of the present invention, there is
provided a sync signal transmission method in a CDMA mobile

communications system including at least a plurality of



reducing the load on a nobile station to identify the long period
spreadi ng code and to establish the timng synchronization, and capabl e of
i ncreasing the selection 25 accuracy of the base station. In a first aspect
of the present invention, there is provided a sync signal transnr§hﬂﬁn%m
met hod in a CDOVA nobile communications systemincluding at |east a
plurality of ''5 SEP 2003 6 base stations and a nobile station, the sync
signal transm ssion nethod conprising the steps of: carrying out double
spreadi ng. of information synbols using a short period spreadi ng. code and
a | ong periRRsessERtdRR Higabeded Mgk be nStid 1br t ther F¥8Cs iR hg code
has a repetition period idenhical to a,gerioqgff t he in%qrnation synbol s
and is assilghRASTH SR AMELNed IHPTHILL (RS FECPENn8 the | ong peri od
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short peri aghseagadiqrs@8e, whee@dilherhd Sspbitalpdnicd Heseadlizlg asdeo the
nmobil e station with transmssion timngs shifted by a predeterm ned

interval fidiseaclrepetheibaspextisddobdentticalsecond pepdoid off t hBepr esent
i nvention, there is provided a sync signal transm ssion nethod in a CDVA
information symbols and is assigned in common to all the
base stations, and the long period spreading code has a
repetition period longer than the information symbols and
10 1is differently assigned to each of the base stations;
transmitting the doubly spread information symbols
to the mobile station; and
intermittently transmitting a sync signal, which is
spread only by the short period spreading code, from the
15 plurality of base stations to the mobile station with
transmission timings shifted by a predetermined interval
for each of the base stations.
In a second aspect of the present invention, there
is provided a sync signal transmission method in a CDMA
20 mobile communications system including at least a
plurality of base stations and a mobile station, the sync
signal transmission method comprising the steps of:
carrying out double spreading of information symbols
using a short period spreading code and a long period
25 spreading code, wherein the short period spreading code
has a repetition period identical to a period of the

information symbols and is assigned in common to all the

base stations, and the long period spreading code has a



20 nobi |l e comruni cations systemincluding at |least a plurality of base
stations and a nobile station, the sync signal transm ssion nethod
conprising the steps of: carrying out double spreading of information
synbol s using a short period spreading code and a long period 25_gpg QMyg
code, wherein the short period spreading code has a repetition periolgla

i dentical to a period of the informatLon synbols and is assigned in comon
to all the base stations, and the |ong period spreading code has a =5 SEP
1003 - 7 repetition period |onger than the information synbols and is

di f f er ent | y regsitgiveilohopeaihdol oherbabansthei bnormadrism Symee i seandubl y
spread information synbols to the nobile station;, and 5 intermttently
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spreadi ng code, fromthe lurality of pase statjans.to the nobile station
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a plurality of ,sectors.in a.cell,. 10 a third aspect of the present
i nventi on, {Her ?sm0§}89i&gﬁg%}%§hcaé?gnal transm ssion nethod in a CDVA
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stations and a no ron, “the sync sign transm sSi on net ho
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synbols wusing a short period spreading code and a | ong period spreading

code, wher eiplureel $her bfpérase spatadnsg teodshe mobile station with
transmission timings shifted by a predetermined interval
for each of a plurality of sectors in a cell.

10 In a third aspect of the present invention, there is
provided a sync signal transmission method in a CDMA mobile
communications system including at least a plurality of
base stations and a mobile station, the sync signal
transmission method comprising the steps of:

15 carrying out double spreading of information symbols
using a short period spreading code and a long period
spreading code, wherein the short period spreading code
has a repetition period identical to a period of the
information symbols and is assigned in common to all the

20 Dbase stations, and the long period spreading code has a
repetition period longer than the information symbols, is
diffefently assigned to each of the base stations, and
belongs to one of groups into which a plurality of long
period spreading codes are divided;

25 transmitting the doubly spread information symbols
to the mobile station; and

intermittently transmitting a sync signal, which is

spread by only the short period spreading code, from the



has a repetition period identical to a period of the information synbols
and is assigned in common to all the 20 base stations, and the |ong period
spreadi ng code has a repetition period |longer than the information
synbols, is differently assigned to each of the base stations, aﬁHSSEPZ%a
bel ongs to one of groups into which a plurality of long period spreading
codes are divided; 25 transmtting the-dgubly spread information synbols
to the nobile station; and intermttently transmtting a sync signal, which
is spread by only the short period spreading code, fromthe =5 SEP 2003 -
8 pluralitplotadsisty sefit base tstahionsbitice Wiatmeohivie stattesnivdditon
timngs shifted by a predeterm ned interval for each of sectaors using t he
h

| ong per :c odtgépé‘&tiiﬁfgl%ﬁd’é%miﬁélsorﬁﬁjrfgtﬁ% he RErdgEsEpined AnEehR
aspect of tphe_present .invention, t ' i ded CDVA npbi
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period spreading code has a repetition period identical to a period of the
i nf or mat i onisypbokddaidla EDMPSGEd ¢ onammicatians Bys tdmaimchwdings,
and the |l ong period spreading code has a 15 repetition period | onger than
the i nfor magtohesgibaimlunglity of base stations and a mobile station,
the CDMA mobile communications system comprising:
means for carrying out double spreading of information
10 symbols using a short period spreading code and a long
period spreading code, wherein the short period spreading
code has a repetition period identical to a period of the
information symbols and is assigned in common to all the
base stations, and the long period spreading code has a
15 repetition period longer than the information symbols and
is differently assigned to each of the base stations;
means for transmitting the doubly spread information
symbols to the mobile station; and
means for intermittently transmitting a sync signal,
20 which is spread only by the short period spreading code,
from the plurality of base stations to the mobile station
with transmission timings shifted by a predetermined
interval for each of the base stations.
In a fifth aspect of the present invention, there is
25 provided a CDMA mobile communications system including at
least a plurality of base stations and a mobile station,

the CDMA mobile communications system comprising:

means for carrying out double spreading of information



Is differently assigned to each of the base stations; neans for
transmtting the doubly spread information synbols to the nobile station;
and nmeans for intermttently transmtting a sync signal, 20 which.j

spread only by the short period spreading code, fromthe pluralityﬁggﬂhawé
stations to the nobile station wth transm ssion timngs shifted by a
predeterm ned interval for each of the Base stations. In a fifth aspect of
the present invent ion; '"there is 25 provided a CDVA nobil e conmuni cati ons

systemincluding at |east a plurality,.of base ti d bi
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period | onger than the information synbols and is differently assigned to
each of g hebhsee stations, medhsherleongnserividngpteadbugl goser dwbs a
information synbols to the nobile station; and 10 neans for intermttently
transnittingepedidcien periodwheraerstBpnebiie vynbarpations smbes idpd
spreading code, .  fromthe plurality of base.statigons 1o the nobile station
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means for transmitting the doubly spread information
symbols to the mobile station; and
10 means for intermittently transmitting a sync signal,
which is spread by only the short period spreading code,
from the plurality of base stations to the mobile station
with transmission timings shifted by a predetermined
interval for each of a plurality of sectors in a cell.
15 In a sixth aspect of the present invention, there is
provided a CDMA mobile communications system including at
least a plurality of base stations and a mobile station,
the CDMA mobile communications system comprising:
means for carrying out double spreading of information
20 symbols using a short period spreading code and a long
period spreading code, wherein the short period spreading
code has a repetition period identical to a period of the
information symbols and is assigned in common to all the
base stations, and the long period spreading code has a
25 repetition period longer than the information symbols, is
differently assigned to each of the base stations, and
belongs to one of groups into which a plurality of long

period spreading codes are divided;



interval for each of a plurality of sectors in a cell. 15 In a sixth aspect
of the present invention, there is provided a CDVA nobil e conmuni cati ons
systemincluding at |east a plurality of base stations and a nobile
station, the CDVA nobile comunications system conprising: neans fob SEP 2003
carrying out double spreading of information 20 synbols using a short
period spreading code and a |long peri-odospreading code, wherein the short
period spreading code has a repetition period identical to a period of the
i nformati on synbol s angeis assigned in common to_all the base stations,

and the | ong perT9an&ptEdF RGPS kg £ qffélb]@iaYﬂFBﬁler i?&ohlr@rfgéionhan
t he i nf ' I ' i.f.f t assign to each of the base
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by only the short period spreading code, 5 fromthe plurality of base
stations tcfxrdm thbipeuskdtiton off Hade ansat 56hentbi FThegmodhilld ed d14ien
predetermned interval for each of sectors using the |ong period
spreadi ng cbHER bEeGER RS iont Admimgs gebifteich by savemeldedspacinedl the
present invention, there 10 is provided a base station in a CDVA nobile
comuni cat i YhsSTY ¥ ofatch iR FAGSWHISH Y nbibe| éoRcateInio@he base

spreading codes belonging to the same group.
In a seventh aspect of the present invention, there
10 is provided a base station in a CDMA mobile communications
system for communicating with a mobile station, the base
station comprising:
means for carrying out double spreading of information
symbols using a short period spreading code and a long
15 period spreading code, wherein the short period spreading
code has a repetition period identical to a period of the
information symbols and is assigned in common to all base
stations, and the long period spreading code has a
repetition period longer than the information symbols and
20 1is differently assigned to each of the base stations:
means for transmitting the doubly spread information
symbols to the mobile station; and
means for intermittently transmitting a sync signal,
which is spread only by the short period spreading code,
25 from the base station to the mobile station with
transmission timings shifted by a predetermined interval
for each of the base stations.

In a eighth aspect of the present invention, there




station conprising: nmeans for carrying out double spreading of information
synbol s using a short period spreading code and a long 15 period spreading
code, wherein the short period spreading code has a repetition perbdiP 2003
identical to a period of the information synbols and is assigned in common
to all base stations, and the |ong period spreading code has a repetition
period |l onger than the information syrbbls-and 20 is differently assigned
to each of the base stations; nmeans for transmtting the doubly spread
nmohi | e. station; intermttently

i nf [ nbol h '
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conprising: neans for carrying out double spreading of information 5
synbol ssusigymliaoiborts ipey i @dsspreageng abdspraddanigorgpdpeandd aspreadi ng
code, wherein the short period spreading code has a repetition period
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information symbols and is assigned in common to all the
base stations, and the long period spreading code has a
10 repetition period longer than the information symbols and
is differently assigned to each of the base stations;
means for transmitting the doubly spread information
symbols to the mobile station; and
means for intermittently'transmittirg;a.sync signal,
15 which is spread by only the short period spreading code,
from the base station to the mobile station with
transmission timings shifted by a predetermined interval
for each of a plurality of sectors in a cell.
In a ninth aspect of the present invention, there is
20 provided a base station in a CDMA mdbile communications
system for communicating with a mobile station, the base
station comprising:
means for carrying out double spreading of information
symbols using a short period spreading code and a long
25 period spreading code, wherein the short period spreading
code has a repetition period identical to a period of the

information symbols and is assigned in common to all the

base stations, and the long period spreading code has a



10 repetition period |longer than the information synbols and is
differently assigned to each of the base stations; neans for transmtting
t he doubly spread information synbols to the nobile station; and qg@ iﬁL
intermttently transmtting a sync signal, 15 which is spread by ﬂ?
short period spreading code, fromthe base station to the nobile station
wth transmssion timngs shifted by-aipredetermined interval for each of
a plurality of sectors in a cell. In a ninth aspect of the present
invention, there is 20 provided a base station in a CDVA nobile

comuni cat Rﬁ@etﬂiéﬁéﬁpﬁ@rl%ﬁqﬁﬂﬁ@étﬁ%nvﬁfm nfepnps ImeEysPolfe base

f | e di f
ityg%l)f’gh ot B R Sﬁ%ﬁégsﬁr% g%aeﬁde%"?fﬁneaw he Ssatiana hheadi ng
Code. | uher ShOHEe b LRI P ERLERTI D SR IS o JRELILEO Ry
to all the ég@gdsgﬁféggin%ngohg%Iég@ ggbw@é§xweadlng code has a ='5 SEP

2003 - 12 ‘repetition period longer than the information synbols, is

differeptly assingneflstfoeachanémtte ibagesd dd by ealel RO it of
groups into which a plurality of long period spreading codes are divided;

5 neans forsymiaoisi tta nghe heodadlel ystspread ;i mha mati on synbols to the
mobil e station; and means for intermttently transmtting a sync si naI,
means for intermittently transmitting a sync signa
which is spread by only the short period spreading code,
from the base station to the mobile station with
10 transmission timings shifted by a predetermined interval
for each of sectors using the long period spreading codes
belonging to the same group.

In a tenth aspect of the present invention, there is

provided a mobile station in a CDMA mobile communications
15 system, the mobile station comprising:

means for carrying out radio communications with a
plurality of base stations as defined in any one of claims
7-9; and

means for selectively capturing a sync signal of a

20 particular one of the base stations.

Since the plurality of base stations each shift their
transmission timings of the sync signals by the
predetermined interval, the timings of the sync signals
to be received by the mobile station are limited. Thus,

25 the load for themobile station to carry out the neighboring
cell search and base station selection is reduced. 1In

addition, since the mobile station knows in advance that

it can receive the sync signals from different base



which is spread by only the short period spreading code, fromthe base
station to the nobile station with 10 transm ssion timngs shifted by a
predeterm ned interval for each of sectors using the |long period spreading
codes belonging to the same group. In a tenth aspect of the presehttP 2003
invention, there is provided a nobile station in a CDVA nobile

comuni cations 15 system the nobile-station conprising: neans for
carrying out radio conmunications with a plurality of base stations as
defined in any one of clainms 7-9; and nmeans for selectively capturing a
sync si gnal Sbationgoagathitegval ohd fdfexnert fug £he anasistesniaed kdme
plurality of base stations each shift their, ransm ssi timngs qQf .the
Sync. i gnal BBy Otine’ tpPBHaPBrinal ti hher D8HORHE 17 GBLL oF  PRETSYHED
signals to receiv by, f he bjle ation are |dm.ted, Thu t he

| oad for th%gfrﬁg?vﬁglgsﬁgﬁ otr%IFJonggr#(lf/ %%% %ﬁg'lﬁlésgﬁlfoﬂk}% S%%?I g%gé?;, ¥ and

base stati oprofl eqkl ofbd Pra@Uuasd b AUdLLI Oy 38l BEG L FBOL! ¢rid ati on

knows in advance that 1t can receive the sync signals fr erent base

5 SEP 2G03 eff3cishaly U1 thel Abeightlor thfeeent duartde. predetermined tine
period, it can carry out the neighboring cell search with narrowing its

timngs to the tAecogding tleoagnaspegialof threomprdsenesineenbdeos stati ons.
This can inprove the 5 efficiency of the neighboring cell search.
themobile communications systemhaving a plurality of sets
of the long period spreading codes which are grouped in
advance, the base stations using the long period spreading
10 codes in the same group transmit the sync signals, shifting
their timings by the predetermined interval. This makes
it possible for the mobile station to narrow the receiving
timings of the long period spreading code groups and of
the sync signals, thereby reducing the load on the mobile
15 station to carry out the neighboring cell search or base
station selection.
The above and other objects, features and advantages
of the present invention will become more apparent from

the following description of embodiments thereof taken in

20 conjunction with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram illustrating a configuration of

25 a CDMA mobile communications system;
Fig. 2 is a schematic diagram illustrating a method
of using spreading codes in a DS-CDMA mobile communications

system;



According to one aspect of the present invention, in the nobile
communi cations system having a plurality of sets of the |long period

spreadi ng codes which are grouped in advance, the base stations us g Zre
| ong period spreading 10 codes in the sane group transmt the synd‘i é% 0%,
shifting their timngs by the predeterm ned interval. This nakes it
possible for the nobile station to nacroy the receiving timngs of the

| ong period spreadi ng code groups and of the sync signals, thereby
reducing the load on the nobile 15 station to carry out the nei ghboring
cell search or [FHse. 3t a6 en sBienatbde. dilkgziovslavs taiaeingbfremisngs
features and advantages of the égesent I nvention wll becone nore %ﬁgarent
from the foff I IARGgPEELEG FORARGINGnBedrFeAls SiEabs $aRENETR™ B

conjunction with the ac onpanEin% %{g¥dn S. BRIEF QFSCRIPTICN OF THE
DRAW NGS Figfatpasat §?ﬁaﬁ? PLY& ang oPAA trati8R of 25 a cOVA
nobi | e conmuni catd ons, SyS df' . .f%gEﬁﬁﬁf ' iagr EHLushnatd ng a
nmet hod of usinggéﬁTgaﬁlﬁ%%%%léggFﬁgéi - %%%Fﬁégg%hﬁﬁﬁ;catﬁbns
SySte”15='§ﬁ$EE ggggh;éﬁﬂangg%7 3 is a schematic diagramillustrating
timngs of Tong period spreading codes in signals sent from base stations
to be received byiq ®hid ea EéERNA1i&HGam shovaisgeredntiduagrtdon of
illustrating a structure 5 of a perch channel; .
an embodiment of a mobile communications system in
accordance with the present invention;

Fig. 6 is a schematic diagram illustrating an

10 operation of the mobile communications system in
accordance with the present invention;

Fig. 7 is a schematic diagram illustrating another
operation of the mobile communications system in
accordance with the present invention; and

15 Fig. 8 is a schematic diagram illustrating still

another operation of the mobile communications system in

accordance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

20
The invention will now be described with reference
to the accompanying drawings.
EMBODIMENT 1
25 Fig. 5 is a block diagram showing a configuration of

a mobile communications system in accordance with the
present invention, which shows only portions of the mobile

communications system relevant to the present invention.



Fig. 5 is a block diagramshowi ng a configuration of an enbodinent of a
nobi | e communi cations systemin accordance with the present invention;
Fig. 6 is a schematic diagramillustrating an to operation of th 'h
conmuni cations systemin accordance with the present invention;'gigﬁpy]fs
a schematic diagramillustrating another operation of the nobile
comuni cations systemin accordance wiifi the present invention; and 15
Fig. 8 is a schematic diagramillustrating still another operation of the
nmobi | e communi cati ons systemin accordance with the present invention.
E)ETdAl LED E)EgCRl F'HeONN@F1 THE CORERERREDE ENBEDISYENTSN 250 Pheompaheedndhi | | now
e described wth reference to the acconpanyi ng draw ngs. ENBODI MENT 1 25
Fig. 5is derstianarg fhakbanila %&ﬁntli?bh%/a‘i‘g%ﬁlefl 2§'n68 | 8 tyfl‘%lng
conmuni cat i ons Sést%glin accordance with the present invention, which
shows only B 2#88hs >0f the nobile comunications systemrelevant to the

present inventi te %;?5 SER. Jg‘?n-lé'Sdﬂf;rlbgh Did & CO0PLR getfﬁastﬁﬁih%.m 500

conprises at |le ase’ s fon 1 a nobile station 20, and a timng

n”‘;ﬂggef 530-mJH§%Q§$%ostt% i P8cdQvenhiiGh s coppeshed dd therkifwong 5
ger 30 to receive timng information therefrom

carries out radio communications with the mobile station
20. The base station 10 comprises at least a long period
spreadingcodegenerator502,ashortperiodspreadingcode
generator 504, a long period spreading code group code

10 generator 506, a first combinei: 508, a second combiner 510,
a spreader 512, a transmission timing regulator 514, and
an antenna 516. The long period spreading code generator
502, which is connected to the first combiner 508,
generates the long period spreading code that is uniquely

15 assigned to the base station and has a repetition period
longer than the period of an information symbol, to be used
for the spreading in the mobile communications system.
The short period spreading code generator 504, which is
connected to both the first combiner 508 and second

20 combiner 510, generates short period spreading codes that
are common to all the base stations and have the same
repetition period as the information symbol, to be used
for the spreading in the mobile communications system.
The long period spreading code group code generator 506,

25 which is connected to the second combiner 510, generates
a group code of the long period spreading code. The first

combiner 508, which is connected to the long period

spreading code generator 502, short period spreading code



carries out radi o conmunications with the nobile station 20. The base
station 10 conprises at least a |long period spreading code generator 502,
a short period spreading code generator 504, a |ong period spreadin% %ﬁ
group code 10 generator 506, a first combiner 508, a second conbiner §¥g, @
spreader 512, a transm ssion timng regulator 514, and an antenna 516. The
| ong period spreadi ng code generator -5@8,-which is connected to the first
conbi ner 508, generates the |ong period spreading code that is uniquely 1s
assigned to the base station and has a repetition period |onger than the
peri od ofeﬁﬁﬁ¢ﬁ@tﬁ§ﬂﬁﬂﬂs@@@oﬁpﬂﬂ@@ﬁiL@EQ, romines pkhadspF 9aling
nobi | e conmunj cations s Stﬁgl short period spr.eadi ng _code en%rator
6% £ 2

S04, i ch G SIREAHE 501 LABSPPEL CoomBF AR LosECAG Serand o

. i i d h
a1 the base 3 taRToREBEE et LB, TSR RY BB (e P g as g IRE 1
nfor mat | on,ygbobo bedenesds ke e SBEERNLR0 d1n | Nerblbong

comuni cati o system ong period spreadi ng code group code generator

506, 25swhigdmb$n&enBact edvh ochhe sseire 60881 ey D, sHEREr fleSiod@ group
code of the long period spreading code. The first conbiner 508, which is

connect ed tgptéedinggcpdre geneypetartdi 5Q4¢odenge pendbiat iPeadhag cped od
spreadi ng code =5 SEP 2003 - 16 enerator 504 and spreader 512, conbi nes
t he spreadigigEup ctrde giereraas@LH0Phanfiopyifeh SU . speBRANGF Ebde s§OFE at or
202 and short  Peg' Qg ATy "dod G Et BEY 130t Short perioa
spreading code generator 504 with the long period spreading
10 code group code generated by the long period spreading code
group code generator 506, and supplies its output to the
switch SW. The spreader 512, which is connected to the
first combiner 508 and switch SW, spreads perch channel
information using the spreading code combined by the first
15 combiner 508, and supplies its output to the switch SW.
The switch SW normally connects the spreader 512 to the
transmission timing regulator 514, but the second combiner
510 to the transmission timing regulator 514 at timings
of the masking symbol, that is, the sync signal transmitted
20 at every fixed interval from the second combiner 510. The
transmission timing regulator 514, which is connected to
the switch SW, antenna 516 and timing manager 30 through
a communication channel, receives the timing information
from the timing manager 30, and regulates the transmission
25 timing of the signal from the spreader 512 or second
combiner 510 to be transmitted to the mobile station 20

through the antenna 516. The antenna 516 connected to the

transmission timing regulator 514 carries out radio



supplies its output to the spreader 512. The second 5 conbi ner 510, which
I's connected to the short period spreading code generator 504, |ong period
spreadi ng code group code generator 506 and switch SW conbi nes the short
peri od spreadi ng code generated by the short period spreading codes SEP 2003
generator 504 with the |long period spreading 10 code group code generated
by the | ong period spreadi ng code groupycode generator 506, and supplies
its output to the switch SW The spreader 512, which is connected to the
first conbiner 508 and switch SW spreads perch channel information using
t he spreadiamnmedécadisinedibyht hbef mahils soabileer D8, Twmel Sapgines its
output to the switch SW The swtch SWnormally connects the spreader 512
to the tr&MITF0A0 Af PReRelatotosfy Pk hEYsé?éortP@Scﬁ)n%F%EF-onﬁo to

the t 1.SSi tim | ator 514 at tim. f_t Ki I,
hat 1o, 1D Sonerengin T i nsataBosh/er el Bt RSPV SO« he
q . e > Lat Co
connect eq THE Rl iR GEART Rl MECHERIA T kentbot e bicsy,
communi gat iygnighapRelbhadEcet¥e€$ohhe timng information fromthe timng

manager 30, and regulates the transm ssion 25 timng of the signal fromthe
spreader 512 or Negeohdancoepeiragridnl®bf ocibe prapenitt eatbddimértnolii ithe

station 20 through the antenna 516. The antenna 516 connected to the

transmi ssi awbihengomsyuriitatisns sarsties 500 widiho the Sppegodng 17

communi cat icocglgf},_méhgattr]ieonmv?iill‘f r?é a&és?grggédﬂi]% Eiiertr:iar}_ with reference
to Figs. 6-8.

10 Fig. 6 is a schematic diagram illustrating an
operation of the mobile communications system in
accordance with the present invention.

In Fig. 6, base stations BS1-BS5 each transmit a sync
signal (masking symbol) regularly which is not spread by

15 the long period spreading code. The base stations BS1-BS5
transmif these sync signals with shifted timing
relationship among one another as depicted at bottom right
of Fig. 6. The amount of shifting is fixed to the
predetermined interval of the system and is known to the

20 mobile stations in advance. Accordingly, the mobile
station can acquire a plurality of sync signals efficiently
in the neighboring cell search or in the base station
selection by searching for sync signals from other base
stations, focusing on the timings shifted by the fixed

25 intervals from the timing of the sync signal reception,
which is sent from the base station that has already been

acquired by the mobile station.

Fig. 7 is a schematic diagram illustrating another



manager 30 is connected to a plurality of base stations 10 to transfer the
timng information to each base station. The nobile station 20 carries out
the radio communications 5 with the base station. Next, an operation_ of
the present enbodi nent of the nobile comunications system 500 witth btfe2003
foregoing configuration will be described in detail with reference to
Figs. 6-8. 10 Fig. 6 is a schematic di.aggamillustrating an operation of

t he nobil e comruni cati ons systemin accordance with the present invention.
In Fig. 6, base stations BS1-BS5 each transmt a sync signal (nasking
synmbol ) regoperkyiwn off i sheomodprlemdeppmuns adiel omsgspetesd igpr eadi ng
code. The base stations BS1-BS5 transnmt these sync signals wth shifted
timng rel a@F6ASHiIaRGHORYtBnENgnRTRFCRE dByiedttesPAt bottomright of Fig.

6. Th t of L ft] is.fixed he. ' [ .

syst le?n and 1 KiRRhLEATRRLsnAERrE St AE1RE ol RO AR SRTbAATAGISY ¢ he
nmobi l e stat caui I [ i f S 4G '

et ghbor i ng-aep EFE R BRI, QUL o M R B AnE s ke or

sync si gnal %i{;ﬁ%'f.o'[ Wele RASEC §§.?bia_(1r§1afé’ct'§bﬂgnﬁ'%ﬁé’t‘} wifhnas rshidded by
the fixed 2 ntervals fromthe fimng of the sync signal reception, which
is sent frogmbhatbagsetsmdingpofiftadt hass alrpaslyrbeed oacther efighy -ttemndobi | e

station. Fig. 7 is a schematic diagramillustrating another 5 SEP 2003
side of Fig. 7. As illustrated in Fig. 7, the transmission
timings of the sync signals are each shifted by the fixed
interval between the sectors under the same base station

10 so that the sync signals are sent with an offset assigned
to the system.

Fig. 8 is a schematic diagram illustrating still
another operation of the mobile communications system in
accordance with the present invention.

15 In Fig. 8, the long period spreading codes used by
the base stations are divided into groups such that the
base stations BS1-BS3 use the long period spreading codes
belonging to group 1, BS4 and BS5 use those belonging to
group 2 and BS6-BS8 those belonging to group 3. The

20 transmission timings of the sync signals sent from the base
stations in the same group are each shifted by a fixed
interval as illustrated in the bottom right of Fig. 8.

Incidentally, to apply the present invention to a
plurality of base stations at different locations, it is

25 necessary to install an external timing source to align
timing axes among the base stations. To achieve this, the

foregoing embodiment employs the timing manager 30. The

present invention, however, is not limited to it. For



- 18 operation of the nobile conmunications systemin accordance wth.
the present invention. Cells including base stations BS1-BS3 are each
divided into three sectors 1-3, each of which transmts a sync 5§sJEaral3
The sync signals are transmtted with a fixed amount of timng offset, as
illustrated on the right-hand side of Fig. 7. As illustrated in Fig. 7,
the transm ssion timngs of the sync-signals are each shifted by the fixed
i nterval between the sectors under the same base station 10 so that the
sync signals are sent with an offset assigned to the system Fig. 8 is a
schematic dixarRbei |1 bstantiss) the GPS anct Wdrashaedurk & the kdbirg
conmuni cati ons s%ste I n , accordance with present invention. 15 In Fig.

he
8, the | onFPFTBd SPESIHNY Bofdd ?§%3Fﬁe base stations are divided
into groups such that.the . base statiaons.BS1l-BS3 '
spr eadi ng codesgcoce(?%ﬂbpﬁgt?%%ger 868anr}Bgﬂééﬁ%%éggggs%ggﬁ%g‘g’%bdg'ﬁéhggdg to
group 2 and,836; t %%eﬁb ' t OUf 4 e 20 §4ABSEiSFILN tim ngs
of the syngxgﬁgﬁgﬁgesght r%%??ggﬁgaéﬁuggtggigﬁé I n the ganp é%%tp are each
shi ftedsby @rdhxfdssidrervahiagsi byushetptedot thpibeld ammé ghéradbdsi,g. 8.
Incidentally, to apply the present invention to a plurality of base
st ati ons atthk ifeyEh¢ dtabibansani harsow2bheecessaming tilmsiredd ceh téve er nal
timng source to align timng axes anong the base stations. To achieve
this, the SyregdignpbabhlfferinanpradvantagehPaamaghlado raduce

the load on the mobile station involved in the neighboring
cell search or the base station selection. Since the
10 mobile station knows in advance that it can receive the
sync signals from the base stations at the timings shifted
by the predetermined fixed intervals, it can carry out the
neighboring cell search focusing on the desired timing of
the sync signal from the intended base station, thereby
15 improving the efficiency of the neighboring cell search.
Furthermore, in the mobile communications system
according to the present invention which divides the long
period spreading codes into groups in advance, the base
stations using the long period spreading codes in the same
20 group each transmit their sync signals shifting the
transmission timings by the predetermined interval. This
enables the mobile station to limit the group of the long
period spreading codes and the receiving timing of the sync
signal, thereby reducing the load on the mobile station
25 in the neighboring cell search or base station selection.
The present invention has been described in detail
with respect to preferred embodiments, and it‘Will now be

apparent from the foregoing to those skilled in the art



present invention, however, is not limted toit. For =5 SEP 2003 - 19
exanple, it can use the GPS or a wired network as the timng source,
offering a simlar effect. According to the present invention as dgs$fpi Jgd
above, since the base stations each shift their sync signal 5 transm ssion
timngs by the predetermned tine periods, the nobile station can narrow
the receiving timngs of the sync sighabs; offering an advantage of being
able to reduce the load on the nobile station involved in the nei ghboring

cell search or the base station selection. Since_the tg nnb%%e ﬁ%ation
knows i n adia@techpageas an@ nedficahionsyRaYsBgnd139¢ r Bt hd bhase

stations at_the timngs shifted., by the predeterm fi I rval it
can carry dlﬁp?ﬁ‘élnﬁe%d?%‘bﬁ}hﬁ EEV%@%’@I‘?‘? ojcﬁ§rhg%%rget%:adsoéeé;{:§édgtnﬁim ng
of the sync_si | f.ro i.nt $ ation, I3 j ng
the effici &Ef%&%%&“nﬂ%ﬁg%'ngﬂﬁ%@% SR e%r%%,é?ﬁlqu\r?obi e
Conn“niCa?h%9§e§y§g§”bu§99Qﬁgﬁﬁ ek0 ahlte MiyEseNtativery i fdl Thwaithiides the
| ong period spreading codes 1nfo groups in advance, the base stations
using the g peticodHF eRdbEg thrdenvent bonsame 20 group each transnit
their sync signals shifting the transm ssion timngs by the predeterm ned
interval. This enables the nobile station to limt the group of the | ong
period spreadi ng codes and the receiving timng of the sync signal,

t hereby reducing the load on the nobile station 25 in the nei ghboring cel
search or base station selection.



The present invention has been described in detail wth respect to
preferred enbodinents, and it will now be apparent fromthe foregoing to
those skilled in the art - 5 SEP 2003 - 20 that changes and nodif.

may be made without departing fromthe invention in its broader asggg 3ﬂﬁ
and it is the intention, therefore, in the apparent clainms to cover aI
such changes and nndifications as fallk sdthin s the true spirit of the
invention. ='5 SEP 2003 - 21 CLAIMS: 1. A sync signal transm ssion nethod
in a CDVA nobile conmunications systemincluding at |east a plurality of 5
base stati 6h&13%: a nobil e station, said sync signal transm ssion nethod
characterized by conprising the steps of: carrying out double spreading of
information synbols wusing a short period spreading code and a | ong period

10 spreadi ng Cogd syie grg ptatetsn.hé’xrxgmﬁ s q}glpégﬁlg ”Q_nc%detmﬁ‘ﬁn;g%blle

repetition perl 0 a peri ornatlon synbol's and is

assi gned | '&omfcaﬁ?l@rls té‘sﬁstéﬁqsqn%tﬁidm%eaendeta@ec lpnen wean e¢ yspyeadi ng

code has a repetition period |onger than t i nformation synbols and 15 is
di fferept!| passi gpadibnLashdoh sabd hasetatabngnsaidragan ttiigmwal he

doubly spread information synbols to said nobile station; and
transmission method characterized by comprising the steps
of:
carrying out double spreading of information symbols
using a short period spreading code and a long period
10 spreading code, wherein the short period spreading code
has a repetition period identical to a period of the
information symbols and is assigned in common to all the
base stations, and the long period spreading code has a
repetition period longer than the information symbols and
15 is differently assigned to each of said base stations;
transmitting the doubly spread information symbols
to said mobile station; and
intermittently transmitting a sync signal, which is
spread only by the short period spreading code, from said
20 plurality of base stations to said mobile station with

transmission timings shifted by a predetermined interval

for each of said base stations.

2. A sync signal transmission method in a CDMA mobile
25 communications system including at least a plurality of

base stations and a mobile station, said sync signal

transmission method characterized by comprising the steps

of:



intermttently transmtting a sync signal, which is spread only by the
short period spreading code, fromsaid 20 plurality of base stations to
said nobile station with transm ssion timngs shifted by a predeterm ned
interval for each of said base stations. 2. A sync signal transm s3i§if 2003
method in a COVA nmobile 25 comunications systemincluding at | east a
plurality of base stations and a nDbiIeﬁ%tation, sai d sync signal

transm ssi on met hod characterized by coffrising the steps of: =5 SEP 2003
- 22 carrying out double spreading of information synbols using a short

period spreadi ngcaeae it ott! ABGPES isyfh-e £P1 €4 D % $O8Ema M Ve syridsL shor t
period spreading codé has a repetitidon period identical to a périod of the
5 i nformatiasisyniol shant perdssi gnedeadingmidd cand! at lendaser sbat i ons,
and the |l ong period spreading code has a repetition period |onger than the
i nf or mat i onspyeadingndodes whefeignttlye askdoghepetn ahdpoéading lraske
stations; transmtting the doubly spread information synbols 1o to said
nobi | e st at 8§, GarkeRPateEkPht QT4 d r hASRticadg P syneeEi@salof vhheh i s

spread by only the short period spreading code, . fromsaid | ural.ity of
base st at i onBT eI e HOMOBITROLEa P i S 1S ReF PR R ohi T Sd by
a predetermnad INLaryal e ?énho%tr%agﬂbxr?ﬁ aﬁ%&ﬁha'sﬁyeé’&iﬁﬁ%%ﬁ Hyd gell.
3. A sync signal transm s&i on nmethod 1 nmobile _
repetition period longer than the information symbols and
is differently assigned to each of said base stations;
transmitting the doubly spread information symbols
10 to said mobile station; and
intermittently transmitting a sync signal, which is
spread by only the short period spreading code, from said
plurality of base stations to said mobile station with

transmission timings shifted by a predetermined interval

15 for each of a plurality of sectors in a cell.

3. A sync signal transmission method in a CDMA mobile
communications system including at least a plurality of
base stations and a mobile station, said sync signal
20 transmission method characterized by comprising the steps
of:
carrying out double spreading of information symbols
using a short period spreading code and a long period
spreading code, wherein the short period spreading code
25 has a repetition period identical to a period of the
information symbols and is assigned in common to all the
base stations, and the long period spreading code has a

repetition period longer than the information symbols, is



comuni cations systemincluding at least a plurality of base stations and
a nobile station, said sync signal 20 transm ssion nethod characterized by
conprising the steps of: carrying out doubl e spreadi ng of infornat%pg ]
synbols wusing a short period spreading code and a | ong period spre H%H@
code, wherein the short period spreading code 25 has a repetition period
identical to a period of the infornmatign synbols and is assigned in comon
to all the base stations, and the |long period spreading code has a
repetition period |onger than the information synbols, is 5 SEP 1003 - 23
di fferentl| ydiaSfegead ity asshgokdsdial dmske sfabhdns,bagel sbakdongs t campde of
groups into which a plurality of long period spreading codes are divided;
transmtti MEIpRIGoHS OrPrefdIrot@setn b whikdl @ mluvadaty wébileng
station; and intermttent|ly transmtting_a sync signal, which is spread by
only the sRRE¥LPEr PEFFA LA R§ACIATEr hvdsied: piurality of base stations
to said nobile station.wi.tth transm ssi.on timngs.shifted by a
predeterninedii%%ﬁ%ﬁwl &t %%%hgbﬁa%¥n§95ea§ihﬁHQEP?BﬁénpéﬁmﬁPls
spreadi pg goges, i Relig %Qakq§n§aq§n§roup. 4. A CDVA nobile
comuni cations system i ncluding at ]eas a plurality of base stations and
«g nobi | e statiomnsaiditen@OMA fPRhERIGITANI £J8Ss sYabaM ¢hardeteEi zed
y conpri sing: :

spread by only the short period spreading code, from said

plurality of base stations to said mobile station with

transmission timings shifted by a predetermined interval

10 for each of sectors using the long period spreading codes

belonging to the same group.

4. ACDMAnmbilecommunicationssystemincludingatleast
a plurality of base stations and a mobile station, said
15 CDMA mobile communications system characterized by
comprising:
meansforcarryingoutdoublespreadingofinformation
symbols using a short period spreading code and a long
period spreading code, wherein the short period spreading
20 code has a repetition period identical to a period of the
information symbols and is assigned in common to all the
base stations, and the long period spreading code has a
repetition period longer than the information symbols and
is differently assigned to each of said base stations;
25 means for transmitting the doubly spread information
symbols to said mobile station; and
means for intermittently transmitting a sync signal,

which is spread only by the short period spreading code,



means for carrying out double spreading of information synbols using a
short period spreading code and a |ong period spreading code, wherein the
short period spreading 20 code has a repetition period identical Lgig# 2003
period of the information synbols and is assigned in common to all e
base stations, and the long period spreading code has a repetition period
| onger than the information synbols and,,is differently assigned to each of
sai d base stations; 25 neans for transmtting the doubly spread infornmation
synbols to said nobile station; and neans for intermttently transmtting a
sync si gnal fromhsghdiplepadadyonf pdpe tsmtstmns tuesadd mpbdddi sgadddm - 5
SEP 2003 - 24 fromsaid plurality of base stations to said nobile station
with transnwsshofnamnsmissinnf tamings phéféedr binmal rradetesiminedeach of
said base stations.. 5 5. A CDVMA nobi | e comruni cations systemincluding at
least a pliREREMRIoff PRs@ashapfofd EhdPasRositied Q8 i on, said CDVA nobile
communi cations system characterized by conprising: neans for carrying out
doubl e spreading of information 10 synbols using a short period spreading

code ang a jong ﬁ%fﬂbmm%%.rﬂ%d%:gﬂmﬁﬂq. a gl éé;%n 2.?1‘2{]%1%&5159% §RRAdi ng

code has a repetition perio entical to a peri f format on
synbol s andayi g1assigned 6 6858PEtEE idds tAa Ramepbshal iPnetisnd thad ong

period spreadi ng code has a 15 repetition period |onger than the
i nf or mat i onCBMAbalcbialel communications system characterized by
comprising:
means for carrying out double spreading of information
10 symbols using a short period spreading code and a long
period spreading code, wherein the short period spreading
code has a repetition period identical to a period of the
information symbols and is assigned in common to all the
base stations, and the long period spreading code has a
15 repetition period longer than the information symbols and
is differently assigned to each of said base stations;
means for transmitting the doubly spread information
symbols to said mobile station; and
means for intermittently transmitting a sync signal,
20 which is spread by only the short period spreading code,
from said plurality of base stations to said mobile station
with transmission timings shifted by a predetermined

interval for each of a plurality of sectors in a cell.

25 6. A CDMA mobile communications system including at least
a plurality of base stations and a mobile station, said
CDMA mobile communications system characterized by

comprising:



Is differently assigned to each of said base stations; neans for
transmtting the doubly spread information synbols to said nobile station;
and nmeans for intermttently transmtting a sync signal, 20 which is
spread by only the short period spreading code, fromsaid pluralit%gsg.(H
base stations to said nobile station with transm ssion tim ngs shi @@
a predetermned interval for each of aylurality of sectors in a cel

6. A CDVA nobil e comunications systemincluding at |least a pIurallty of
base stations and a nobile station, said CDVA nobile conmunications system
characteri zed bym@@nﬁrf@rr@rrysnsmtmbl@spnmng@f ¢afogimat bon

doubl e spreadln% of information synbols using a_short period_spreading

code and a $HHE lﬁer‘?%ﬁngpﬁeé@(}ﬁt %%Elo%%%@hégsﬁ@ﬁe p@?@oﬂ %—ﬁln&.dl ng
code has a re etl |§né%§ iod id nt| al to a

the 5 infor
symbol s and P& 28 FERERTHIE S SrbtrntRElS8E 2 perdcd SRR gon,
peri 0 spreadhBopgals Bast s ‘9’31% EPBAPEREAIBRO%Lo LR L15q o orpmt i on

synbol s, er ent assi gne ase s 1 '0Nns

bel ongs st 0 PREC A PSS dyxnb@m'ﬁa 3 Pldy gh¥aoinl eBchmok) ﬁQ?falPﬁ the
spreadi ng codes are divi means for transmtting the doubly spread

i nformat i orbasgnbdlast iensai dnddltiHee Bdrgi poriad speaesding icoldy maseat |y
transmtting a sync signal, which is spread by only the short period
spreadi ng cegpetition period longer than the information symbols, is
differently assigned to each of said base stations, and
belongs to one of groups into which a plurality of long
10 period spreading codes are divided;
means for transmitting the doubly spread information
symbols to said mobile station; and
means for intermittently transmitting a sync signal,
which is spread by only the short period spreading code,
15 from said plurality of base stations to said mobile station
with transmission timings shifted by a predetermined

interval for each of sectors using the ldng period

spreading codes belonging to the same group.

20 7. A base station in a CDMA mobile communications system
for communicating with a mobile station, said base station
characterized by comprising:

means for carrying out double spreading of information
symbols using a short period spreading code and a long

25 period spreading code, wherein the short period spreading
code has a repetition period identical to a period of the
information symbols and is assigned in common to all base

stations, and the long period spreading code has a



15 fromsaid plurality of base stations to said nobile station with
transm ssion timngs shifted by a predetermned interval for each of
sectors using the I ong period spreadi ng codes belonging to the SanES%EE?%}

20 7. A base station in a CDVA nobil e conmunications system for
communi cating with a nobile station, said base station characterized by
conprising: neans for carrying out doublzg spreading of information synbols
using a short period spreading code and a long 25 period spreadi ng code,
wherein the short period spreading code has a repetition period identical
to a peri odrePeathiet ionfreraefohoBgRrBol Bainkhe sinsorgadd ath systrhs tandl |

base stations,.and the | on eri od_spreadi code has.,a ='5 SEP. 2003 - 26
repetition pér i TORGRE V&P I H s PnﬁPPgﬁ<§§ﬁ56F§ bage ity iPBSent 1y

assigned to each_of sai.d _base stations. f t It § ] doub
spread infornati@ﬁan§§§85 ﬁ%?%ﬁ%%ﬁ%@%ﬁﬁgggﬁgyg%x;ééggg? %%g%§ﬂ§;18H d
intermtten syt t.i S| :on -WMH I's spread only by the
short perio%&%%%%ggiﬂg %ggg;%K?¥g%$s§?§§%ggém2?g?ion to said no%ilg station
with transnissigeanigriFeas i sitidrinedt Hyn 81predehemiittethd i et sifqta®ach of

sai d base stations. 10 8. A base station in a CDVA nobile conmunications
system forwtdohinicapmngadi bhly bybithe shatntopeshod bpreastiatg @mpde,
characterized by conprising:
from said base station to said mobile station with
transmission timings shifted by a predetermined interval
for each of said base stations.
10
8. A base station in a CDMA mobile communications system
for communicating with a mobile station, said base station
characterized by comprising:
means for carrying out double spreading of information
15 symbols using a short period spreading code and a long
period spreading code, wherein the short period spreading
code has a repetition period identical to a period of the
information symbols and is assigned in common to all the
base stations, and the long period spreading code has a
20 repetition period longer than the information symbols and
is differently assigned to each of said base stations;
means for transmitting the doubly spread information
symbols to said mobile station; and
means for intermittently transmitting a sync signal,
25 which is spread by only the short period spreading code,
from said base station to said mobile station with

transmission timings shifted by a predetermined interval

for each of a plurality of sectors in a cell.



means for carrying out double spreading of information 15 synbols using a
short period spreading code and a |ong period spreading code, wherein the
short period spreading code has a repetition period identical to a period
of the information synbols and is assigned in common to all the DRSEP 203
stations, and the | ong period spreading code has a 20 repetition period

| onger than the information synbols andygis differently assigned to each of
sai d base stations; neans for transmtting the doubly spread infornmation
synbols to said nobile station; and neans for intermttently transmtting a
sync signal, 25 which is spread by only the short period spreadi ng code,
fromsaid base station to said nobile station with transm ssion tim ngs

shifted by % pr ddOEHiISTAREioR kv A COMAY meddih @ fCcommppi aRtaPrst sy&iIRs in
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station i&ﬁ %855?%%§H'nggo f%% &bneans for carrying out double

spreading o ormati on usi'ng”a short period spreadi ng code and a

long period spreagh&F SO MEE§ioh tt A8uPNY EpB%@ﬂ%@BEeﬁngg‘mach_@n has a
repetition period identical to a period of the  information symbols and is

assi gned | is@bobe Ueialg &hehd@thaserboat spiBadintgt b6edkorgidedi Ddng
spreadi ng code has a repetition period |onger than the information
synbol s, | Pexidfiespnebyisgsicpirl, whesehndfheafhiobtispestiat spseastichg
code has a repetition period identical to a period of the
information symbols and is assigned in common to all the
10 base stations, and the long period spreading code has a
repetition period longer than the information symbols, is
differently assigned to each of said base stations, and
belongs to one of groups into which a plurality of long
period spreading codes are divided;
15 means for transmitting the doubly spread information
symbols to said mobile station; and
means for intermittently transmitting a sync signal,
which is spread by only the short period spreading code,
from said base station to said mobile station with
20 transmission timings shifted by a predetermined interval

for each of sectors using the long period spreading codes

belonging to the same group.

10. A mobile station in a CDMA mobile communications
25 system, said mobile station characterized by comprising:
means for carrying out radio communications with a
plurality of base stations as defined in any one of claims

7-9; and



bel ongs to one of groups into which a plurality of long period spreading
codes are divided; 15 neans for transmtting the doubly spread information
synbol s to said nobile station; and neans for intermttently transmtting a
sync signal, which is spread by only the short period spreading ce8eEP 200)
fromsaid base station to said nobile station with 20 transm ssion tim ngs
shifted by a predeterm ned interval forygach of sectors using the |ong
period spreadi ng codes belonging to the same group. 10. A nobile station
in a CDVA nobile communications 25 system said nobile station
characterized bymeémsr ifimngse heats viedry ceapyirdgnouta regiho sdgmaii cafi ans
wth a plurality of base stations_as defined in any one of clains 7-9;
and =' 5 SEFP2BdICcuber aBRgneff akd| kaspvaltptdegReri ng a sync signal of a
particul ar one of said base stations.



