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DESCRIPTION OF THE RELATED ART

The CDMA scheme in which each communicating party 1s
ldentified by using a spreading code allocated to each
communicating party and a plurality of communicating
parties carry out communications using the ldentical
frequency band has been known conventionally. The next
generation mobile communication scheme called IMT-2000
adopts a radio access scheme called wideband direct
spreading (DS) CDMA scheme (which will be referred to as W-
CDMA scheme hereafter) which uses the spreading bandwidth
of 5 MHz or more.

In the downlink of this W-CDMA scheme, each
communicating party is identified by using a short code
having a repetition period equal to a data symbol period,
wvhich is a spreading code allocated to each communicating
party at a radio base statlion. On the other hand, a radio
mobile station ldentifies each radic base station by using
a long code having a much longer repetition period compared
with the short code.

Figs. 1A and 1B show the conventlonal spreading code
allocation methods 1n the downlink of an Inter-cell
asynchroenous system and an inter-cell synchronous system,
respectively. As shown in Fig. 1A, the W-CDMA scheme adopts
the inter-cell asynchronous system that requires no
external system for the purpose of the timing
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2 synchroni zation, in which long codes #0, #1 and #2 that are different
for different radio base stations are used in order to identify radio base
stations of respective cells 104, 106 and 108 at a | ong code | ayer 100.
Note that the 5 long code is also referred to as a scranbling code In a
sense that it scranbles signals fron1fhe ot her codes as noises. On the

ot her hand, the cdma2000 schene that has been proposed in the United
States as a candidate for the I M- 10 2000 instead of the YV-CDMA scheme or

t he conventionally_ known |S-95 h i ' -
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the long code |ayer 102. 15 In this syst t radi atlj are
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under the discussion. Here, the multi-carrier CDVA schene is a

transnis;i%ﬂi§%ﬁene which transmits signals by using a plurality of
sub-carriers bypoR5théronptnchang| eshef cdna2dadascheael thatahfase§@éAcy axi s

and multiplyin ach of the I, t SpLead] h
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and frequeff%eSygcgﬁg@iagtﬁopimfﬁéhPEﬁQréH@e common to all the radio
base stations 110. 112 and 114 at the long code layer 10X.
15 In this system, the radio base stations are identified by
using aAsingle type of a long code to which different
timing shifts #0', #1' and #2' are given.
Now, as a radlo access scheme of the moblle
compunication system after the IMT-2000, the adoption of a
20 method for transmitting signals by using multiple carriers
such as a multi-carrier DS-CDMA scheme or a multi-carrier
CDMA scheme is currently under the discussion., Here, the
multi-carrier CDMA scheme is a transmission scheme which
transmits signals by using a plurality of sub-carriers by
25 arranging copies of the data symbol on a frequency axls and
ﬁultiplying each of them with the spreading code on that
frequency axis. In this multi-carrier CDMA scheme, a
plurality of communicating parties will carry out
communications by using the identical frequency band
30 simultaneously. .
However, the discussion regarding the multi-carrier
CDMA scheme so far has been mainly focused on the
discusslon of the performance evaluation at the link level
and the timing and frequency synchronization. Although the
35 multi-carrier CDMA scheme also identifies tThe communicaTing




35 nulti-carrier CDVA schene also identifies the communicating 3 party by
using the spreadi ng code allocated to each conmmunicating party simlarly
as in the conventional DS- CDVA schene, there has been no di scussion of a
method for efficiently allocating thg%spreading code conventionally. 5

Al so, in the case of using the nulti-c¢arrier COMA schene as the nobile
comuni cation schene, although there is a need to identify radi o base
station just as in the case of using the WCDVA schene, there has been no
di scussion of a nmethod for realizing this. 10 BRI EFE SUMVARY THE
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conprising the steps of: allocat| co hort . .codes to all radio base
stations, CRECYREAPNCOded H@Fﬁ@d %%§ nggﬁﬁén@b&ggshaving a repetition

periodijgqual to a nunber of copies nade fromone data synbol which are to
be wused in identifying nobile stations; and allocating one or nore |ong

codes uni quely to each radio base station, the |ong codes being spreading
codes havi pgIgF' SUEMARYOOFPTHEOGNYENTAOYer than t he nunber of copi es nade

from one data synbo

It is therefore an object of the present inventlon to
15 provide a mobile communication system which ;s capable of
using the spreading codes efficiently when the multi-
carrier CDMA scheme 1s adopted as the moblle communication
scheme.
According to one aspect of the present invention there
20 1is provided a method for allocating spreading codes 1in 2
mobile communication system in which a radlo base statlon
transmlits silgnals by copying each data symbol of a data
symbol sequence to be transmitted and arranging copied data
symbols on a frequency axis, multiplying the copied data
25 symbols arranged on the frequency axls by the spreading
codes, and transmitting a spreading code multiplied data
symbol sequence by using a plurality of sub-carriers, the
method comprising the steps of: allocating common short
codes to all radio base stations, the short codes belng
30 spreading codes having a repetition period equal to a
number of copies made from one data symbol which are to be
used in identifying mobile stations; and allocating one or
more long codes uniquely to each radioc base station, the
long codes being spreading codes having a repetition peried
35 1longer than the number of coples made from one data symbol




4 which are to be used in identifying each base station. According to
anot her aspect of the present invention there is provided a nethod for
transmtting signals froma radio base station in a nobile comunication
system the 5 nethod conprising the steps of: (a) copying each data synbol
of a data synbol sequence to be transft tted and arrangi ng copi ed data
synbols on a frequency axis; (b) doubly spreading the data synmbol
sequence, to obtain a spread data synbol sequence, by nultiplying the
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compri s n%eian copyég eul;];ving a repetition period longer than the
15 number of coples made from one data symbel; and (c¢)
transmitting the spread data symbol sequence by using a
plurality of sub-carriers.

According to another aspect of the present invention
there 1s provided a method for recelving signals at a

20 mobile station in a mobile communication system, the method
comprising the steps of: (a) receiving a spread data symbol
sequence transmitted from a radio base statlon by using a
plurality of sub-carriers; and (b} doubly despreading the
spread data symbol segquence, to obtain a despread data

25 symbol sequence, by multiplying the spread data symbol
sequence by spreading codes including a short code and a
long code, the short code being a code having a sequence
length shorter than that of the long code, and combining a
number of spreading code multiplied data symbols eguual to

30 the sequence length of the short code.

According to another aspec¢t of the present invention
there is provided a transmitter device for transmitting
slgnals from a radio base station in a moblle communication
system, the transmitter device comprising: a copying unit

35 configured to copy each data symbol of a data symhol



35 configured to copy each data synbol of a data synbol 5 sequence to be
transmtted and arrange copied data synbols on a frequency axis; a
spreading unit configured to doubly spread the data synbol sequence, to
~obtain a spread data synbol sequence, by nmultiplying the copied data
synbols 5 arranged on the frequency axis by spreading codes including a
short code and a | ong code, the short code being a code having a
repetition period equal to a nunber ofscopies nade from one data synbol
and the |l ong code being a code having a repetition period |onger than the

number of gophegcoves 40 Ef@ﬁbﬁﬂ@rdatanayappbngangoﬁﬁaaaaﬁhtgyagomalt
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connunicaﬁﬂ&ﬁ W%ﬁﬂ readeble program codes include: a first
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| there 1s provided a recelver device for recelving signals
15 at & moblle station in a mobile communication system, the
receiver device comprising: a receiving unit configured to
receive a gpread data symbol sequence transmitted from a
radio base station by ueing a plurality of sub-carriers;
and a despreading unlit configured to doubly despread the
20 spread data symbol segquence, to obtain a despread data
symbol sequence, by multiplying the spread data symbol
sequence by spreading codes including a short code and a
long code, the short code being a code having a sequernce
length shorter than that of the long code, and combining a
25 number of gpreading code multiplied data symbols equal To
the sequence length of the short code.
According to another aspect of the present invention

there ig provided a computer usable medlium having computer
readable program codes embodied therein for causing a

30 computer to functlion as a transmitter device for
transmittlng signals from a radlo base station in a mobille
communlecation system, the computer readable program codes
include: & first compufer readable program code for causing
sald computer to copy each data symbol of a data symbol

35 sequence To be transmitted and arrange copled data symbols



said conputer to copy each data synbol of a data synmbol 35 sequence to be
transmtted and arrange copied data synbols 6 on a frequency axis; a
second conput er readabl e program code for causing said conputer to doubly
spread the data synbol sequence, to obtain a spread data synbol sequence,
by multiplying the copied data synbols arranged on the 5 frequency axis by.
spreadi ng codes including a short code and a |ong code, the short code
being a code having a repetition period equal to a nunber of copies nmade
fromone data synbol, and the |ong ce being a code having a repetition

period | onger than the nunber.o ' f ol; and a
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fol I owi ng deSCWHgdéﬁlﬁéﬂ%ﬂ1another_aspect of the present invention

there 1is provided a computer usable medium having computer

15 readable program codes embodlied thereln for causing a
computer to function as a recelver device for receiving
signals at a moblle station In a moblle communication
system, the computer readable program codes include: a
first computer readable program code for causing said

20 computer to recelve a spread data symbol sequence
transmitted from a radio base station by using a pluralirty
of sub-carriers: and a second computer readable program
code for causing sald computer to doubly despread the
spread data symbol sequence, to obtaln a despread data

25 symbol sequence, by multiplying the spread data symbol
sequence by spreading codes Including a short code and a
long code, the short code being a code having a sequence
length shorter than that of the long code, and combining a
number of spreading code multiplied data symbols equal to

30 the sequence length of the short code,

Other features and advantages of the present invention

will become apparent from the following description taken
in conjunction with the accompanying drawings.

35



in conjunction with the acconpanying drawings. 35 7 BRI EF DESCRI PTI ON OF
THE DRAW NGS Figs. 1A and 1B are schematic di agrans show ng conventi onal
spreadi ng code allocation nethods in the 5 downlink of an inter-cel
asynchronous system and an inter- cell synchronous system respectively.
‘Figs. 2A and 2B are schematic di agram showi ng exenplary spreadi ng code
al l ocation nmethods for the nobile cofmunication systemin the

mul ti-carrier CDVA schenme 10 according to one enbodi nent of the present
invention. Fig. 3 is a diagramshow ng one exenplary mnethod for

mul tiplyi nGRIEF $PSCRIPTI N @Fs THE DRAVMNGS a synbols at a radi o base
station of the nobile comrunication systemin the nulti-carrier CDVA
schenme according to one enbodi nent 15 of the present invention. Figs. 4A
and 4B are di agiFdms .sidwiamg dBhareosehgmatic Hagsdds GRHANE pl ying the

spreadi ng codes_w.th _th leS 4311 02 ATRGO Mg & alrl atheof the

nobi | e conﬁﬁﬁ%@gﬁagﬁals§ 9%%?ﬁﬁiyﬁgaﬁﬁfti-c§rrier CDVA schepe according to
one 20 Snbddwmiimkobft am dmdesntceldy &FYVNEHronoys sYATHMY &% Bt 4drans
show ng ot her .ex r for, lelitRhi1Rg the spreading codes with
the data §§ﬁ&oﬁ§%§b%§%Pg§$%9%g§g'sfggpgn of the nobile conmuni cation
systemin the nmiigs-c&dr iaad CBVArecsehematdsr dilagred GROWB&nbodi ment of

the present i Lon,. .Ei.g. i I A6 AErhoM 1F6 rORG: L NRb 1R Y
configuratF&ﬁg§$ggyt%gﬁgﬁggpgrcgg%agﬁg&?ggégge station of he nobil e
communi cat commspdicamion sistem Ln- cier mad tEpLAr rdehe MM S6MMSy to one

embodi JENt o8 LG ¢3¢ Bhe3dnbBUS RN ofFittie Bresenrblionierdizagr.am showi ng

one exenpl ary configuration of a receiver at a nobile stati ndp% t he
mobi | e comuni c&digen3syist endilAerad FHPWLNE PREeFXEHPAArY method Tor

multiplying the spreading codes with the data symbols at a

radio base station of the mobile communication system in

the multi-carrier CDMA scheme according to one embodiment
15 of the present lavention. _

Figs. 4A and 4B are dlagrams showlng other exemplary
nethods for multiplying the spreading codes with the data
symbols at a radio base station of the mobile communication
system in the multi-carrler CDMA scheme according to one

20 embodiment of‘the present invention.

Figs. 5A and 5B are diagrams showing other exemplary
methods for multiplying the spreading codes with the data
symbols at a radio base station of the mobile communication
system in the multl-carrier CDMA scheme according to one

25 embodiment of the present 1nvention.

Fig. 6 is a block dlagram showing one exemplary
configuration of a transmitter at a radio base station of
the mobile communication system in the multi-carrier CDMA
scheme according to one embodiment of the present

30 invention. _

Flg. 7 1s a block diagram showlng one exemplary
configuration of a receilver at a moblle station of the
mobile communication system in the multi-carrier CDMA
scheme according to one embodiment of the present

35 1nventlion.



schenme according to one enbodi nent of the present 35 Invention. 8 Fig. 8
I's a bl ock diagram showi ng anot her exenplary configuration of a transmtter
at a radi o base station of the nobile comrunication systemin the

mul ti-carrier COMA schene according to one enbodi nent of the present 5
Invention. Fig. 9 is a block diagram showi ng anot her exenpl ary
configuration of a receiver at a nobi ge station of the nobile

comuni cation systemin the nmulti-carrier CDMA schenme according to one
enbodi nent of the present 10 invention. Fig. 10 is a flow chart showi ng a
processi ng procpggreg 1gratbaﬁen1ﬂlaggam|ghaWinByannéhﬁraﬁ§ﬁﬂPﬂéFyshomn in

Fig. 6 or 11 is_a ro rt..sho a c gnpeecedur e
15 for rec@@%gh§u§P§§%Ps %y tHEaP88 g? éﬁoamw%ﬁgg ngQ §%§tﬂ h

DETAI LED DRSERLGTL I &bmiibirl tAVEDR| EXsT2D Rof Ehei mglﬁémﬁﬁsritﬁgs%ﬁw\and 2B

to Fig. 11, one enbodl nt _of n t .8} gt em according to
the presentchends AL i PF [ 8éscrﬁggg&68ﬁgg§glkﬁalgggﬁe fol | owi ng

descrlpglopmvéﬂeioﬁhort code" refers 25 to a short period spreadi ng code

which is a code PaV|§nb8I r§£§£% g?nggﬁlgﬂgggﬁglahgthgg @Hgﬁgmaep copi es

made for one da refers to a ong peri od
scranbl|ngc§§ﬂggmbachon30ﬂ aodech&venga& aepeblipofTapdrpolt| &A§er than the

nunber of copies nmade f e_d 048Y I L odpMgnt, the data
synbol seq%%ﬁ%%et6°%@un¥FﬁﬁgﬁPtg%gtgﬁ ﬁegyg ?gigésghzfgg?oannll be

mul ti pl exeslich®éye onecofdlhg Ehoonepembgd1@95§a€fn§héoﬂé§séﬂa one of the
| ong pf&'ognégﬁéfb|'n9 codes, where each radi o base station

Fig. 10 is a flow chart showing a processing procedure
for transmitting signals by the transmitter shown in Fig. 6
or Fig. 8.
Fig. 11 is a flow chart showing & processing procedure
15 for recelving signals by the recelver shown in Flg. 7 or

Fig. 9.

DETAILED DESCRIPTION OF THE INVENTION
20

Referring now to Figs 2A and 2B to Fig. 11, one
embodiment of the mobile communication system according To
the present invention will be described in detail.

In the following description, the "short code” refers

25 to a short period spreading code which 1s a code having a
repetition period equal to the number of coples made for
one data symbol, and the "long code” refers to a long
period scrambling code which 1s a code having a repetition
period longer than the number of coples made for one data

30 symbol.

In this embodiment, the data symbol sequence To be
transmitted by the radio base station will be multiplexed
by one of the short period spreading codes and one of the
long period scrambling codes, where each radlo base station

95 1is allocated with one or more long period scrambling codes.



35 is allocated with one or nore long period scranbling codes. 9 Figs. 2A
and 2B show exenpl ary spreadi ng code all ocation nethods for the nobile
comuni cation systemin the nmulti-carrier CDVA schenme according to this
enbodi ment. I n an exanple shown in Fig. 2A, a set of short codes 5 for

I dentifying comruni cating parties (nobile stations) at a short code | ayer
201 is commonly used by all radio basg stations 204, 206 and 208. Al so, a
different one of the 1ong codes for identifying radio base stations at a
|l ong code layer 200 is allocated to each_radio base statiaqn, 10 such that
the | ong code #Pigs.aRRoende8Bt shawr aup@PLery spygadipng FG% § code #1 is

al | ocat ed 19, gcLadhg faslchodg%orga@ﬂe FnBSﬂLenloﬁﬁdﬂi#&zli&nalsmcatnedno a

radi o cell exa own in Fig a set f shor t for
|dent|fy|ngheomnmmicaarngepaGDMésSGHBEPIé°§9551853f° ifSEQ%gﬁ@F% code

| ayer 203 is co th HgﬁglgysﬁbhnrgglpibasgAstatgemsoel@hoithmmdszl4
Al so, different of

codes for |dent|fébgg g basg H@tlons
at a | ofig fodeidhayéfYZDB aﬁgmunﬂseaiea parties (4 fa§&ald n’ such

that the |gn e 126191§|Eeﬁﬁbﬁﬂytﬁsadr ﬁ'almekhdiﬁ b1Be the
| ong codesg#ghspg ggggrgagﬁfocate toara and tQ@Flong codes

2
#4 and #5 atathbhac@fésd 266a2R8JILE8- céi?°21ﬂ dfngﬁFEtmay 8f +&fent | ong

period scrfgﬂglﬁgdggdfar gaenahk9@ﬁgeﬂaapodba§ergaatbaae ataki dosg so that
the 25 conmon short perio

readi ng _codes can d.b all the
base stationde hﬁﬂerhéﬁﬁféFZalhécébﬁﬂaﬂ?néaﬁ%dﬁﬁgieaﬁngg égﬂgggwaC|ently

In addib'oeucﬁhg §€n%hérfgﬂeneadeaﬁobﬁsuspﬂo@acaalcbhe rhd$e seatlion (that
IS it 0SSl Peto rea

I ze one cel |l requency ,isa B shoms
one exenplaﬂi nﬁhﬁo@onércﬁﬁ¢t#bl§Pnﬁl¥%%at§ér5%d?nﬁ Egaege;} APfhe? gata
synbol s attRetifBgObodbr 8PSt 41 08cst@Mats atradiadeelbagedstation of the
mobi Te In an example shown in Fig. 2B, a set of short codes

for identifying communicating parties (mobile stations) at

15 a short code layer 203 1s commonly used by all radio base
stations 210, 212 and 214. Also, different two of the long
codes for identifying radlo base stations at a long code
layer 202 are allocated to each radio base station, such
that the long codes #0 and #1 are allocated to a radlo cell

20 210, the long Eodes #2 and #3 are allocated to a radio cell
212, and the long codes #4 and #5 are allocated to a radio
cell 214.

In this way, different long period scrambling codes

are allocated to different base stations, sco that the

25 common short period spreading codes can be commonly used by
41ll the base stations, and therefore the spreadling codes
can be used efficlently.

In addition, the same frequency can be used at all the
base staticn (that is, 1t 1s possible to realize one cell

3¢ frequency usages).

Fig. 3 shows one exemplary method for multiplying the
spreading codes with the data symbols at a time of
transmitting signals at a radio base station of the mobile
communication system in the multi-carrier CDMA scheme

35 according to this embodiment.



communi cation systemin the nmulti-carrier CDMA scheme 05 according to this
enbodi nent. 10 In an exanple shown in Fig. 3, the sequence | ength SF of
the short code is equal to four, and the sequence length L of the |ong
code is four tinmes the nunber of sub-carriers N i.e., L = 4N Here, the
sequence |l ength has the sanme 5 nmeaning as the repetition period of the
spreading code, and N is a natural n er. In the case where the sequence
| ength of the short code is four, N (= N4) data synbols are to be
transmitted in parallel (simultaneously) by N sub-carriers._10 E cg dat a
symbol in a sequenge efadpBE §lowtt 4indiia. %ynﬁstSPSUEBSFeHeBEIEB T as the

nunber of synbols that is, egua t en I t hRe sbAgthcode
(whi ch is ©F otRe #HehE %Qgﬁpgi %?ﬁg}g383?&§ﬁa %ﬁgsgﬁgogsggeare arganged on

a frequency @Kishei Fod@etodé hbs dour syhes theurnakekr PENGRE-BATFRETS
frequency axis is ltipli by t S e thhgas thBesdaka synbol
sequence éyra%g%d' ?h%ﬁf?@%ﬁéhcgﬁ%xggéﬁeﬁﬁ?cheﬁ%m/hassthe sgﬁuence | ength
"N as agr epebiing ASethautepptithon areniod hef shbet SebaRding GAfe; pfRdd by
the long 20,code. Note,th Ln the exanple of Fig. 3, at a tine.of

mul tiplyi N %ﬁeas%%F?r%%d%@i %%h data synbol is copied and t@ese copi es
are arranged onIt hehé regsencyersithésequenee lepEthnel shRetSEBHE is

mul tipl exed, ,buj i} is PPS Si Og PsPEpeetlvrvei N whi ch each
data symbof®%e é%r%% rb;a}l’?%éi ﬁgﬁﬁ%ﬁsﬁ%, s el pli ed.lé¥Fthe
‘TS

| ong code, tramismt tieed t tm wmnglb@he(?iW@lﬁ#Q%ﬁuﬂ%fh E&n%o?“géﬁﬁﬁﬁb _
ot o ool 1 SR A R e N ort <ot and | ke | ong
code firstsymoolhehsttebipd cael mARY £%\HY PSRN ?%m%?fﬁnﬁﬁﬁ a%‘%ng t he
frequency g&ﬁfl f%rfﬁ%igﬁhuence length of the short code (which is

four in the example of Fig. 3) and these coples are

arrangéd on a frequency axls.

15 Then, the data symbel sequence arranged on the
frequency axls is multiplied by the short code. Further,
the data symbol seguence arranged on the frequency axis,
which now has the sequence length N as a result of the
multiplication of the short code, 1s multiplied by ;he long

20 code.

Note that, Iln the example of Fig. 3, at a time of
multiplying the short code, each data symbol is copled and
these coples are arranged on the frequency axis first and
then the short code is multiplexed, but it 1s also possible

25 to use a procedure in which each data symbol is spread by
using the short code, then multiplied by the long code, and
then the long code multiplied data symbol sequence is
arranged along the freguency axls direction, or a procedure
in which each data symbol is spread by using & product of

40 the short code and the long code first and then the spread
data symbol sequence is arranged along the frequency axls
direction.

Using the method for multiplying the spreading codes
shown in Filg. 3, it is possible to reallize a transmission

45 gcheme which transmits signals by using a plurality of sub-



Using the nmethod for nmultiplying the spreading codes shown in Fig. 3, it
Is possible to realize a transm ssion 35 schene which transmts signals by
using a plurality of sub 11. carriers by arrangi ng copies of the data
synbol on a frequency axis and nultiplying each of themw th the short

and | ong spreading codes on that frequency axis. In this way, even in the
case of using the multi- 5 carrier schene, it becones possible to

all ocate the spreading codes efficiently, by multiplying the long code in
addition to the conventionally used spreadi ng by using he short code.
Figs. 4A anfl dfeséiayy oiPeanekegptap e sreehotize f @ATA0SHAPPL pPYi Rg t he

spreadi ng codes with the da | §2 Phemr®/DSA thienghsrynal s at
a radi o bad&eTIeRTH A% St%%aarﬁ%%%%%#ﬁuﬁ?%gt i on syst einsi n the

nul ti-carrg BMA spededinaccoded non t Bhahi Ereapelffe®¥1SFi g. 4A shows an

exenpl ary case of tiplyin e P i 8 cofegWbRe Wmbhetsequence
length L of théﬂqo %d@%y'igvéﬁr%%lf?%eégﬁﬂe nunber oféiub-car%bers N

i.e., ls= @l¥ridP COMA exehphe, shovimecomes groadibie 8@ Aht9°8Yfbbl sequences

on the frequency. axis i ch t ' b thkanengshydar e
col | ecti vet ?Rﬁi?%l?% e%ye¥€£g%%§% b %%ggglééﬁgyhgfsagﬁg Sn exgﬁglary
|

case of nMuH iPddi tfot heo the eaciiventbeRalksushd ERGER NotR*E%0f the
|l ong code _is /.5 %ine t he nunber of sub-carriers N, i.e., L =5 5N 1In
e digrt ¢

t he exanpl |%f 4B, first five data synbol 25 s gugnces and
S

sub-carriers ufFipst heasamdceBrskew sorbenf exemplary meghe fbol sequence

on the freguency, axis LC Sdbsapbthttied gaval ssmbols| yraae
col | ek ve¥ tﬁ%}¥¥$ | € éb€p¥€%&}%%gpcode, and_t hen subiga %ieréfs{ggting
from the suimeaotitramstiPtiing shenalx: At ¢t 2L AHRPSS0" %E Bhic8' and "t he
subsequent five d q théemiIegueseyiaxi €DMAi ch are to
subsequenty, i fe ‘o AmN PR 1SR WPSEER R

scheme according to this embodiment.

Fig. 4A shows an exemplary case of multiplying the
15 spreading code when the sequence length L of the long code
is three times the number of sub-carrlers N. 1l.e., L = 3N.
In the example shown in Fig. 4A, three data symbol
sequences on the frequency axls which are to be transmitted
simultaneously are collectively multiplied by the long
20 code.

Fig. 4B shows an exemplary case of multiplying the
spreading code when the sequence length L of the long cade
is 5.5 times the number of sub-carriers N, i.e.. L = 5.5N.

{n the example shown in Fig. 4B, first five data symbol

25 sequences and sub-carriers up to the sub-carrier #N/2 of
the sixth data symbol sequence on the frequency axls which
are to be transmitted simultaneously are collectively
multiplied by the long code, and then sub-carrlers starting
from the sub-carrier #N/2+1 of the sixth data symbol

30 sequence and the subsequent five data symbol sequences oI
the frequency axis which are to be transmitted
simultaneously are collectlvely multiplied by the long
code.

In the multi-carrier CDMA scheme, the channel

35 estimation value for each sub-carrier becomes necessary at




sinmul taneously are collectively nultiplied by the long code. In the

mul ti-carrier CDVA schene, the channel 35 estimation value for each
sub-carrier becones necessary at 12 a tinme of carrying out the despreadi ng
and coherent denodulation. In order to derive this channel estimation
value, there is a need for the averaging of the pilot synbol along the
time direction for each sub-carrier,1 nd 5 for this reason the spreading
patterns of the |ong codes nust be different along the tine direction for
different base stations. The nethods for multiplying the spreading codes
shown in Fj gsimé ofneadiy trg omkethtedeppeetdhpe BRAt EPRETEP Yt he | ong codes

different along the tine,10 direcilio difi{ 8r eRhnhescesttamhansn Figs. 5A
and 5B sho@F%ﬁ&h&aEk%%pl%?yo ?ﬁo%é @%%Péﬁu tiplying the s riading codes
with the daipusyMigbse aisaa need Dortthesuverssgisi ghaFfleaPla®Fadio base

station of the _nmopile co | catl LN bteaeaierer aGBVA 15
schene acc%f%ﬁ%b Q%P?ﬁighgggﬁﬁgn%%?gcfﬁéégg%%l%ébghgan LEBPEi?gEESA and 5B.
of

the seqsienssr | enps hréasbnt bive | spyesdties peterRs Phelhf B-carriers
N is used. Fig., 5A WS I ; t¢bn @bradifrfereht
nultiplyidﬁ“?ﬁeb?oﬁgpgﬁﬁﬁﬁglgﬁg h€ﬁ¥rgg€§ng§r§?rec?iog. 20 thﬁ Igng code
to be mul thpbé esicak téneacthermetiods f fer a1 tHRIXIREHBP SREGRHLBE on the

tinme axis is sequentially. i f5ed Ojfh aPah NMRKEatREYspreadong one by one
chip part ‘?%e?hgh?V%q %n%%égirggt?%%, that is. Eg ong copied data symbol
part. 25 Fpgtté&Pnshofisthe borgptedss cALETeRenRi @AONE: The [ AR o

”U|tipi$LP?£%26}{ﬁggfgﬁdgigkg?g%§hﬁagéegg@ﬂganglrection, the | ong code to

be mul each one o Ifferent data nbol en on the tine
axis is sequentFhgsy 5$handeﬂﬁf$bﬂwagthﬁﬁggyﬁmgfgrﬁr@9§§§§50ﬁ§§by two chip
part 30 in the, i{SaNENENe dbpFeLaPRg £8@ksi withYthwodaoai eymbiala at &
time of transmitting signals at a radio base station of the
mobile communication system in the multi-carrlier CDMA

15 scheme according to this embodiment. In examples shown 1in
Figs..SA and 5B, the sequence length L of the long code
equal To the number of sub-carriers N 1s used.

Fig. 5A shows an exemplary case in which, at a time of
multiplying the long code along the frequency direct;on.

20 the long code to be multiplied with each one of different
data symbol sequences on the time axls is sequentially
shifted from an immedlately previous one by one chlp part
in the frequency direction, that 1s, by one copied data
symbol part.

25 Fig. 5B shows an exemplary case in which, at a time of
multiplying the long code along the frequency direction,
the long code to be multiplied with each one of different
data symbol sequences on the time axis 1s sequentially
shifted from an lmmedlately previcus one by Two chip part

30 1ipn the frequency direction, that is, by two copled data
symbol part.

In this way, using the method for multiplying the
gpreading codes shown 1n Fig. §, it is posslble to multiply
the long code not only in the frequency axis direction but

35 also in the time axis direction. For this reason, it




synbol part. In this way, using the nethod for nultiplying the spreading
codes shown in Fig. S. it is possible to nultiply the Iong code not only
in the frequency axis direction but 35 also in the tine axis direction. For
this reason, it 13 becones possible to distinguish signals fromeach cel
at a tinme of integrating the pilot synbol in the tinme direction in order
to carry out the channel estinmation ig,each sub- carrier, so that it
beconmes possible to carry out the 5 channel estimation at high precision.
Fig. 6 shows one exenplary configuration of a transmtter (to_he provided
at a radi opbas@est posephpiendo EigtiﬂguhshBSbﬁeaéﬁeﬁﬁpﬁr§566nFP&Jréﬁi@n of a

correspondln cei ver 0 I t &b im@n ratr 1N be 10

used in théiﬁﬁb?ﬁ ?EBﬁhﬁ%%gﬁ ﬁé éi? ?%mgﬁﬂn?h QP§ gé?ﬁlE}&CDﬁk schene

accordi ng 18 5huareﬁbodaﬂgntoufheh9rahsnneieﬁséﬂmﬁtQODG1BoﬁﬁFPsé§ a

transm ssi on ata ener atog. 1 e a S lea, an
8%55#3 L1 1elBhed! gﬁ&gibﬂe thaBAFTySLAR da

encoder 12°#bF %ﬁco ASM SSi ata, a data 15 nodul ator 13 for
nDdU|atBngchﬂﬁnencedeﬂmatamﬂnaSShblhdaraCISéoﬂult|plexer 14 for

| tiplexi th t th | ot
mul ti pl exing H5ar§|$’té gﬂver Eggry@aﬁﬂ iFaR1dat arwath a pilo

synmbol, a seria y|ng a serial to paralle
converS|ontrhﬂsmﬂtoerputoobethEOWﬂﬂcdpaéxérr&d oabaggi 8ratéondr 2BGpyi ng 20

each out pUH I{Eghé ﬁﬁép%gﬁlgfgrfow fi&ﬁrééioa ghopt co@@d@?@ﬁlﬂ&h@t or-17

for genera ura % multipliers 18 f
nultlplylngetéhveutpu05befpr®hbdedpm§r5160 ylﬁhétéﬁbPP)CSBét SaBoHﬁlner 20

for geﬂgbiaﬁ%ﬁﬂ f %ﬁ‘&%iw%%\&ﬁf’é?fmn1§ys€eh01‘ﬁ ¢pdemabtgenerator 21

for code mul tipliers 22 for
nultlplylngannientGDM$ shbemmnmtﬁ@rdtms B9 thbs| emBodBE an | FFT (I nverse

Crrouit 23 for TOpotbRNgPE R R e e ubecar i of
data generator 11 for generating transmission data, an
encoder 12 for encoding the transmission data, a data

15 modulator 13 for modulating the encceded transmissicn data,
a multiplexer 14 for multiplexing the modulated and encoded
transmission data with a pilot symbol, a serlial/parallel
converter 15 for applying a serial to parallel conversion
to an output of the multiplexer 14, a copler 16 for copylng

20 each ocutput of the serial/parallel converter 15, a short
code generator 17 for generating the short code, a
plurality of multipllers 138 for multiplying the outputs of
the copier 18 by the short code, a combiner 20 for
combining outputs of the multipliers 18, a long code

25 generator 21 for generating the long code, a plurality of
multipliers 22 for multiplying outputs of The comblner 20
by the long code, an IFFT (Inverse Fast Fourler Transform)
or IDFT (Inverse Discrete Fourier Transform) circuit 23 for
applying the IFFT or IDFT processing to N sub-carrlers

30 outputted from the multipliers 22, and a guard interval
insertion unit 24 for inserting a GI (Guard Interval) to an
outputr of the IFFT or IDFT cireuitr 23.

In thls configuration of Fig. 6, a sectlion 10
containing the transmission data generator 11, the encoder

35 12, the data modulator 13, the multiplexer 14, the




30 outputted fromthe nmultipliers 22, and a guard interval insertion unit
24 for inserting a G (CGuard Interval) to an output of the IFFT or |DFT
circuit 23. In this configuration of Fig. 6, a section 10 containing the
transm ssion data generator 11, the encoder 35 12, the data nodul ator 13,
the nultiplexer 14, the 14 serial/parallel converter 15, the copier 16,
the short code generator 17 and the ltipliers 18 is provided in nmultiple
sets. The receiver of Fig. 7 conpris a synbol timng 5 detection unit 31
for detecting the synbol timng in the received signals, a guard i %erval
removi ng UQé}1§§/ﬁ§%a1Isnvubﬁgetber615frnhethepietelﬁedtbﬁgﬁ PET FRECFFT

(Fast Fourter Transform _ciycuit ppk Vi Bg PROGAISHPJet O an
out put of réwrerBERH lﬁt%?éaFﬂ?eﬁB$?ﬁ%ig%F$ 9%0152?E26éﬁg§nel estingtfon

unit 34 fogeggyrying out the channel estimation, a plurality of

mul tipliers for multiplyipg.an ouyt €,4C esiipgtion unit 34
wi th outputs ofTbﬁerFFqigchﬁ?thg; z ?gﬁﬁpiégg aeﬁgﬁgﬁgr SSHFﬁh
gener atingysPect POE €RLE, 32 Pburaktegtbhgnuhei pymbed TEDARE: 4P it i plying

out put s of tﬁe mul tipliers 35 by the o} #15bonhieogde gemerator 38
for generar¢nglyne Sgﬁﬁﬂlscoﬁegxﬁrgla?g???§fo gﬁﬁl%igliers 39

or
. mul tiplyi ngan&dfhe SEREt GTOdeomeghencecetvigdhs SENPAF BFEOEFEuﬂEaﬁF t he
mul tipliers 37 by the short code S l.O ' it t40 ROTfOr sunm ng
each shortF@6ﬁ%e§eaﬁ%HFP?€ﬂétﬁggﬁuggrggg?afogggh?gﬂgft?he nuliiglier§ 39, a
paral | el / sprbabssongetbean ddtpor apprhenguargaiBEREV2Lo¥ SEPVAP c8fY&r sion

domndul Bt 5. < BRERELof °F ARAEPH, PafP a3, 20k CoBrEp T e ant

serial converter 4 5 and a
decoder 43cﬁ@ﬁndppedtngaamonutpuplutalhéydatamuagﬁggip5§0%54 BF5 obtain the
{Tansm &t oRat bhp befprop o8 RfEibroEng EABRACY BH0 maplon ante o2
with outputs of the FFT circuit 33, a long code generalor
38 fof generating the long code, a plurality of multipliers

15 37 for multiplying outputs of the multipliers 35 by the
long code, a short code generator 38 for generating the
short code, a plurality of multipliers 33 for multiplying
each short code sequence length SF part of outputs of the
multipliers 37 by the short code, a summation circui; 40

20 fof summing each short code sequent length SF part of
outputs of the multipliers 39, a parallel/serial converter
41 for applying a parallel tTo gerial conversion to outputs
of the summation circuit 40, a data demodulator 42 for
demodulating an output of the parallel/serial converter 41,

25 and a decoder 43 for decoding an output of the data
demodulator 42 to obtain the recovered data.

Fig. 8 shows another exemplary configuration of a
+ransmitter (to be provided at a radio base station) and
Fig. 9 shows another exXemplary configuration of a

30 corresponding receiver (to be provided at a moblle station)
that can be used in the mobile communication system in the
multi-carrier CDMA scheme according to this embodiment,
where the same reference numerals as 1in Fig. 6 and Fig. 7
are given to the corresponding elements.

a5 The transmitter of Fig. 8 differs from that of Fig. 6




Fig. 9 shows another exenplary configuration of a 30 correspondi ng receiver
(to be provided at a nobile station) that can be used in the nobile
comuni cation systemin the nulti-carrier CDVA schenme according to this
enbodi mrent, where the sane reference nunerals as in Fig. 6 and Fig. 7 are
given to the corresponding elenents. 35 The transmtter of Fig, 8 differs
fromthat of Fig. 6 15 in that a nul ggplier 19 for nultiplying an out put
of the short code generator 17 by the long code is provided between the
short code generator 17 and the nultipliers 18 in the e%ﬁ?%ﬂ%%%. I nst ead
of the nulunpthamsazmumséaldﬁr 89t fercBHAtIR L& 2k MG he Treceiver

of Fig. 9 d §PSL?E3PQ?BtBE [i70by7 the 1bh@tc@dmuum mnamidaﬁfcn

nultlplyln the snort code rat r eis
provi ded baéumenntmhe shortt code §§ﬁ§FéF8 ﬁ%? ﬁﬁﬁ S?fg?% g@ﬂ

I nstead of 10 | h@rs ;tgggdofnthgemaquﬁpgumma dm ofsed gn 7. The
transnltte} oF sgy%&ggeggte%ﬁaccordlng to the flow chart of Fig. 10 as

foll owss thetcanﬁéguraNQQMngoﬁ &at §-sequence entered fromthe
transm ssi on daiﬁﬁ ?ggga Qr ¥ FggenQOQQbeystMQomanWm*of2F135 gndn
a

nodul ated by th . Then e encode d a
transn1SS|mhadaﬁamaéqdeﬁésrl§4nﬂpflﬁpéféaly&PﬁhaPh8 ﬁgﬁ JF) Eg%rt

mul ti pl exer, ﬁ g@ﬂgrEQS sgglgb the mahglbeHeCQBVQESMGMﬂdSbﬂﬂﬂﬁ&@dt@V t he

serlaI/par Cohvert (ste t aral Qpverted
20 sequencehortNﬁgﬂedEF&e§9#66l§ g&ih%aﬁtgug 1%%§ %@pléﬁééggdﬁany as

the nu e t@& SuTReps 18g4ala7t askle 1ahahe eod@igueqaémmedfeﬁé@h (chi p
y

| engt h e copler 16, and thes copi es r tdee chleequency
axis (step S2) Ebe GEF&PWiFﬁérfP? ? 1§at ﬁgg%egeq%gﬁggjg 5 Then, the

first datafigqb@ha§qugngggaraangedfoﬁlbhs. frequency axis is nultlplled by

Lhe sport code i Lhe '\ 0hi818st8n( 38R FhubRcddlegivhrlle regontiedat a

transmission data generator 11 is encoded by the encoder 12

15 and modulated by the data modulator 13. Then, the encoded
and modulated transmission data sequence i1s multiplexed
with the pllot symbol at the multiplexer 14, and the serial
to parallel conversion is applied by the serial/parallel
converter 15 (step $1). In a serlal to parallel converted

20 sequence of N/SF data symbols, each data symbol is copled
as many as the number of symbols equal to the short code
sequence length (chip length) by the copier 18, and these
coples are arranged on the frequency axls (step S5Z2) to
obtaln the first data symbol sequence.

28 Then, the first data symbol sequence arranged on the
frequency axis 1s multiplied by the short code at the
multipliers 18 (step 53} to obtain the second data symbol
sequence.

Then, the short code multiplled secund data symbol

30 sequences on the frequency axis in the sequence length N
are combined by the combiner 20, and the combined second
data symbol sequence 1% multiplied by the long code at the
multipliers 22 (step S4) to obtain the thilrd data symbol

sequence.
35 Then, the long code multiplied third data symbol




sequence. Then, the short code multiplied second data synbol 30 sequences
on the frequency axis in the sequence length N are conbined by the

conbi ner 20, and the conbi ned second data synbol sequence is nultiplied by
the long code at the nultipliers 22 (step S4) to obtain the third data
synbol sequence. 35 Then, the long code nultiplied third data synbol 16
sequence in the sequence length N Is igtered into the IFFT <circuit 23 and
the guard interval inserting unit 24, obtain the orthogonal

nmul ti-carrier signals with N sub- carriers. These orthogonal nulti-carrier

signals are then 5 rang mtted n Cakhatel tr@p IFEM t he
case of th&cAREAER: thef stﬁqﬁegge ?ﬁ Peps et e?@% qgfg Jﬁ?%ﬁéd such

that the fbng&uﬂataasanﬂotheeguandeinmsrwgﬂtﬂpﬁﬁ@@iﬂﬁ angditoddet Y& the

short code n t he | on 1 r [ r g@s- accordi ng
Co the 11 ofPtekty £ngr oprpoBifal BuTRR CRFFLEE. sVenma wl A SUEE otEe

tim ng) IScdei-Eet-ed myesEhersmgnaﬂl muﬂigidéﬁé&iﬁé’nSémﬂlﬂaﬁehé far d

osul {1 fig EraRaPOLERe ahlF, AUF ES%%QTE?EQESEEESFFFErBB”tnzgneﬁ?ﬁ by e FET

circuit 33 (stebnSthk thenpfthhe shansBitari afi Bh&vaPue t8F EIERS

sub' -carrier e n e t URkinbd4, saiit hh@
channel vaPPgt 2¥e”&%§ﬁpensaégg eﬁaghghﬁu§%rg%|g§2835y Sy

Then, the ¢hamnbt1phtedtbﬁnacangéhsﬁt@G 5?ﬁb6h§f6f°°€5cﬁ REaiPPér are

mul tiplied by the long code in the sub-carrier direction at the multiplier
37 (step si% § "and the long code multiplied synbols ?re nul%' |l i,ed by the
correspOndi ng shbetrecedven ¢feFEigh- EaPPPEFtﬁFr%EFPBH 3F 38 hg ﬁgpylpller

39 (step S@ﬁ%r ThenFi @S RNYsS¥FPPbwgas the short code sequence |ength

(chip Tengt Egiggs.sgﬂgﬁgygﬁol timing (FFT timing) 1s detected by
the symbol timing detection unit 31, the guard interval is
removed by the guard interval removing unit 32, and the

15 resulting signals are demultiplexed into sub-carrier
components by the FFT circuit 33 (step 511). Then. the
channel varlation value of each sub-carrier ls estimated at
the channel estimation unit 34, and the channel variation
is compensated at the multipliers 35 (step S12}.

20 Then, the channel varlation compensated symbols of
each sub-carrier are multiplied by the long code 1n the
sub-carrier direction at the multiplier 37 (step S13), and
the long code multiplied symbols are multiplied by the
corresponding short code in the sub-carrier direction at

25 the multiplier 39 (step S14). Then, as many symbols as the
short code sequence length (chip length) SF are summed at
the summation circuit 40 (step S15) to obtain the despread
symbols.

Then. the parallel to serial conversion is applied to

30 the despread symbols at the parallel/serial converter 41
(step S16), and the resulting data are demodulated at the
data demodulator 42 and decoded at the decoder 43 to obtain
the recovered data {step S17).

In the case of the receiver of Fig. 8, the steps 513

95 and S14 are unified such that the symbols of euach channel



the summation circuit 40 (step SiS) to obtain the despread synbols Then,
the parallel to serial conversion is applied to 30 the despread synbols at
the parallel/serial converter 41 (step S16), and the resulting data are
denodul ated at the data denodul ator 42 and decoded at the decoder 43 to
obtain the recovered data (step S17). In the case of the receiver of Fig.
9, the steps S13 35 and S14 are unif_iL d such that the synbols of each
channel 17 wvariation conpensated sub-carrier are nultiplied by a product
of the short code and the long code. In the transnm.tter. of Fbi a0 0r Fig. 8
and the raeeijweronf cempensatedisib-gantien &i¢ WUF Jish™r Fay 5
generate the&ld%rg’%uf‘:’?id%rhlen MY O YEhd hfe @0®loddd n the case of using

t he met hod Bff yi Ng the spreadi ng codes _sho [ [ 4A and 4B,
the 1ong code gdmerchteor reasmitdes A Flhie SR g@&e’% oaq})de: tq}sjesed in the

systemin BTN ﬁg“%%adr Y Fie, longeodenkd doldeasanor B4R data

transm ssi ry at a_tinme of the data transm ssion.
Al t er nats vedepertaive Ity leode cogendmatv@r 4o4F H% fornul ae for generating

the long codes dn %&;@ﬁ%@@ 13N et slitofa wsampthe are gerkrfat ng the | ong

code to be used’for ata transm ssion and generate._th o) code
accordi ng tmulitiplydad slre fspraAdd i ‘-’é’dﬁsm-,s%(?f {}ﬁ’e%toiﬁsta ﬁ%@nﬁi sg?bn.

Similarly, Jjn tlg% %%g Of p it it i & dfp it & @11 mdie ijping mpdete Bprieadi ng

codes shovvnbln |§§. A &n 58, the | ong code gen rog{torthcea oH r@%@él t he

| ong codes useddm2@hes &F Stem Ha & HE[H %M hd reagL out the |ong

code  tg, DS I3ed oy el deh defn) ST asinals S Yoo e murmmenIRy Bhidt the
0

read o | ong code by using a shifter at tinme f .t t st gsi on.
Al ternat i veliyne tofe thengladddSraqamesian « i 18R VS gtg{e?olr&ggener ating

the 1 ong cqgs 27 dr Ar™wiise iRl fout grreonniing fidve Jomes AR t he
ong in a memory, and read out a formula for generating the long
vode to be used for the data transmission and generate that

15 1long code according to the read out formulg at 2 time of
the data transmission.

Similarly, in the case of using the method for
multiplying the spreading codes shown in Figs. 5A and 5B,
the long code generator can store all the long codes to be

20 used in the system in a memory, and read out the long code
to be used for the data transmission from the memory and
shift the read out long code by using a shifter at a time
of the data transmisslon. Alternatively. the long code
generator can store formulae for generating the long codes

25 1in a memory, and read out a formula for generating the long
code to be used for the data transmission. generate that
long code according to the read out formula, and shift the
generated long code by usling a shifter at a time of the
data transmission,

30 As described. in the moblle communication system in
the multi—eﬁrrier CDMA scheme according to the present
invention. data to be transmitted by the radlo base statlion
are doubly spread by uslng long code that 1s unique to each
cell and to be used in identifying each cell, in addition

35 to the user ldentifying code (spreading code) to be used in




code to be used for the data transm ssion. generate that |ong code
according to the read out fornula. and shift the generated |ong code by
using a shifter at a tine of the data transm ssion. 30 As described. in

t he nmobi |l e communi cation systemin the nulti-carrier COVA schenme according
to the present invention. data to be transmtted by the radi o base station
are doubly spread by using | ong code i@at IS unique to each cell and to be
used in identifying each cell, in addition 35 to the user identifying code
(spreading code) to be used in 18 identifying each user. More

speci fi cal lyjerli®y 101} SRAE udv] Mbree repetiiftical ey | tde | bogercodean or
equal to the nunber of sub-carriers,is used. .ln additi@ . {é { epossible

to multipl havag éng apte tiomaeing LangsF (Hhen (UqSHE! 77 6T on but
al so al ong phihiert idEe Hiv-Edaedy ihiddddg the 1ong code sequentially in

the frequency direction, such that it ones. ROSSI t | Sl d g sh

signals from ead® @€ldl oty Bn Fbqusrﬁqg’ Cat 'onémﬁtsl:lhigJl i Iég}e g‘y&n%%l S |€1 a

ti ge di rsechbqq_r?inqyorﬂwn%qmrﬂne@mdﬁ dﬂrfeq:dimméi_umsﬂ@mt&lnng' rtheach N

sub-carrier. us, according to jhe present inveniiaq possi bl e

to al |l ocat &1mge ddpesddioty bc’g(fé’s”t&fqﬂ%tz"rﬁ Iq)?niér: ctqn&ee %o%ﬁtqﬁia og the nobil e

gommni cat itw&blﬁ'%tq%@ﬂﬁ tdlq-emﬁdj_tdn,h(mm‘ui etha@DNA ;bcdwms .]:&sﬂ'ta]ckjitq on, ict
ecomes possible tq inprove .t channel estimatio £GjSi . tify

each radi o B&&dneuleh G &RAdT iei’ﬁ'c’(mné“a‘ccz'sece?fl l% r?‘gq:tj'ﬁ{ee %flsti?ﬁc%ér:%ﬂer

scheme in waieChitlee @3mboeiel aseaquendds eartd aprigadraendo v M eygifency

axis direction. .20 It is to not.ed .t hat e descri bed enbodi nents
accor ditfg 8¢ FRepns ﬁfﬁ%*%giﬂ"o&nwﬁf esggnfgﬁﬁéﬁ?Ty i npl ement ed using a

conventional gemaidl, pWwoeeskng gic ahe eoresendr ipvegtdmied idc@IMRF to t he

gﬁﬁfrgggs O sb81eP TS 811 Y PnePlsh¥Radihgcllded® 3V 1YL 1S
: downlink of the mobile communication system in the multi-

carrier CDMA scheme,

15 In additlon, it becomes possible to improve the
channel estimation precision and identlfy each radic base
station even in the case of using the multi-carrier CDMA
scheme in which the data symbol sequences are spread along
the frequency axls direction. _

20 It 1s to be noted that the above described embodiments
according to the present invention may be conveniently
implemented using a conventional general purpose digital
computer programmed according to the teachings of the
present specification, as will be apparent to those skilled

25 1in the computer art. Appropriate software coding can
readily be prepared by skilled programmers based on the
teachings of the present dlsclosure, as will be apparent to
those skilled in the software art.

In particular, each of the transmitter of Fig. & or

30 Fig. 8 and the receiver of Fig. 7 or Fig. 9 of the above
described embodiments can be conveniently implemented in a
form of a software packarge.

Such a software package can be a computer program
product which employs a storage medium including stored

35 computer code which 1s used to program a computer to



25 in the conputer art. Appropriate software coding can readily be
prepared by skilled programrers based on the teachings of the present

di sclosure, as will be apparent to those skilled in the software art. In
particular, each of the transmtter of Fig. 6 or 30 Fig. 8 and the
receiver of Fig. 7 or Fig. 9 of the above described enbodi nents can be
conveniently inplenented in a form of sof tware package. Such a software
package can be a conputer program product which enploys a storage nedi um
including stored 35 conputer code which is used to pro%ran1a conputer to
19 perfor péPeoshschesedstuosedofiunntipnoepdspopcensd pled8et Priefedht i on.

The storage nedi um may, j ncl ude, but | o] | k) to ny ¢t yBe Of
conventicnmﬂnY?%Bgéndighg,s BFFE&Imeg?g@s&aﬁréﬁkkggeﬁagﬁgtgFo%?icaI di sks.
ROMs, RANB,1 RPREM, t6, EERROMgpemagneonventiopel cBlopByddlsbe . arptdeRdr
suitable npdia for staring el onj.c:l.ast Lon t | | sepkemile noted
t hat, besicﬁ%?%%oséﬂéﬁagﬁdymgﬁ§§%§oﬁgglggzvéygﬁghyﬁﬂ%gffF%gﬁiogg and
vari at i ghs EEPR(M®s . ahogee eibodr nept scahycaedander wABNo0thaEpSEELABLEr om t he

10 novel and advapt ageous, fea h iLavention. Accordi ngl
al | suchlnﬂﬁéﬁia.?5%§ %ﬁﬁnsa%¥é§?5§éiérgnpﬁﬁﬁgﬁgg Qfo be incl uded mﬁt%i%

the scope of thelmppensibso tbabesnoted phatpsbegbdegsthoseCRAFRBLY. A

met hod for tra%ﬁ%%%@;Q%?gggﬁg%ﬁxfﬁgﬂlfiﬁ {9nPQ§§d variations of the

st ati on( 204"Y6" I'n & nobiTe communication system the
met hod conpiticvegented khepts ahay be made without departing from the

10 novel and advantageous features of the present invention.
Accordingly, all such modifications and variations are
intended to be included within the scope of the appended

¢claims.
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(a) copying(S2) each data synbol of a data synbol sequence to be
transmtted and arrangi ng copi ed data synbols on a frequency axis; (b)
doubly spreadi ng(S3,S4) the data synbol sequence, to obtain a spread data
synbol sequence, by multiplying the copied data synbols arranged on the
frequency axis by spreading codes incl@fling a short code and a | ong code,
the short code being a code having a repetition period equal to a nunber
of copies made fromone data synbol Gh8IMB be nultiplied in the frequency
axis direction, and the |long code being a code having a repetition period
| onger than the nunber of copies made from one data synmbol and | onger than
a nunber of gERiAT riersStadthstbt benoultignakd fwarhea fregdendasski s

direction and %4]’2%0% bgér%gBegaboaM@nq_n(O%% riguhﬁﬂ%né&hﬁ%;_:‘@tigﬁ spread

data syH aplaralifty carriers. 2. The nethod
of cl aigpskemherta methied tapgh)sing thilpt isserheoL short code sel ected froma

set of 1 Al @C@ta%a EQmBbL Eagduenbaseo
statloﬁ%?Zéépggggg%%ﬁq%ﬁaaq% 214 and to_be u§8g9E§ |deﬁ? i ng nobile

st ati ofve, taﬁdsmh@tﬁkfbrﬁjﬂ:@ééangépéc?%ﬂl$¢ SRGné re&?d %%’éfg‘g Ythat are
uni quelyy;al.l ocated to each radio base statlon and to be used in

identifying each base, st t|o Th t ho f inthe step
(b) obﬂéﬂngoéb%YmﬁErquﬁﬂg ﬁar§4b|F%% émﬁﬁg sgégﬁgﬁce %g%a%ynbols are
t ransmg esidmdbtanepnbby whieéndas bysm@ﬂ@m&yﬂngl egward €8tfhe nunber
of the sﬁgdlarrlersnggdnght lyi 4J§h ho&klgogg }eadithd heabt ai ns the
spr ead &31 of & % E#% é%

duence Elura ity of shgrt code
nultlpMH@duﬂmnE §ymbmrts€@@@n@@§ acéPPécFP@éh B BherFoRgdtods i d. A

met hod f or, dof §ASAH thngeébgﬂéhén @fﬁ@df@@la)l mea rbidre cfommpriesat i on

cract o (07 208 508, A0, L A0 L0 S e e ey 1511

axie direction, and the long code being a code having a
repetition period longer than the number of copies made from
one data symbol and longer than a number of sub-carriers and
to be multiplied in the frequency axis direction and a time axis
direction; and

(c) transmitting(S5) the spread data symbol sequence by using

a plurality of sub-carriers.

2. The method of claim 1, wherein the step (b) multiplies cne
short code selected from a set of short codes that are commonly
allocated to all radioc base stations{(204,206,208,210,212,214)

and to be used in identifying mobile stations, and one long code
selected from cne or more long codes that are unigquely allocated
to each radic base station and to be used in identifying each

base station.

3. The method of claim 1, wherein the step (b) obtains a short
code multiplied data symbol sequence whose symbols are
transmitted simultaneously which has a sequence length equal
to the number of the sub-carriers by multiplying the short code.




(a) copying(S2) each data synbol of a data synbol sequence to be
transmtted and arrangi ng copi ed data synbols on a frequency axis; (b)
doubly spreadi ng(S3,S4) the data synbol sequence to obtain a spread data
synbol sequence by obtaining a short code nultiplied data synbol sequence
whose synbols are transmtted S|nuP¥aneoust whi ch has a sequence | ength
equal to a nunber of the sub-carriers by nmultiplying the copied data

synmbol § g8t L@ a9 At Eﬁeféﬁﬂ@e&taxgﬁm heushes theataciphi,chyhas a
repetition period equal to nunber es,_nade from one data synbo

and théﬂq£ﬁ¥ﬁHX|Bﬁwﬁﬂf%FpFBF%|W ?ﬁpghgé aﬁ&ﬁeSX%?? pISESH IS synbol
sequenees lye-ttike llyong atde 1oy elodeas a repetition period | onger than the
nunber of copies made from one data synbol and equal to the nunber of
sub-carriers, while sequentially shifting the Iong code to be nultiplied
with eadch AomreeuiiO@l fffoer ehranhoit tdoge FLODREPE dorefat & syaBdp d¥fikences on

a tine ﬂf @Waptf hea k 0ngg code Egbt bli'4')edlﬁ’“$ hm8B1 i BMedi@h &l e atPr&yi ous

short co i'ed data’ synbol "sequence by one or plural data symbo
part |r$y5$tfaﬁeq¢é¥ﬁ:yﬂ6tﬁh<éi:tqwrﬂeﬁﬂdlq chhe rHRRR t2% hg(S5) the spread data

synbol (§?%8§9§n§¥82‘ﬁ'é‘&chada§ﬂé”§)nhﬂdi off sUbear kvRbsl Beghesibéhod for
recel vi ng

bile station, i nobi | conmmuni cation system
t he ne@ﬁo&réﬁﬁ‘ﬂ?"f%?%gar’c GrIPogITgf COPJ(%é] d?aé:@els\‘fl“ﬁalﬁ Prdad TEEA Ly nbol
sequenealbransnltted from a radio base station(204, 206, 208, 210, 212, 214) by

ST 10 A, PRI Yo oy 68 148" 3200 LDl oLl lpspread nacsta 514 the

spr ead ta” sy Seguent aln a at a synb sequence by
mul ti playismrehed QatasmymMOBasanﬁﬁﬂﬂ BEqObHEd ITHYIS pR e BHICAT CHRIE

I ncl uding 3y ﬁleat daEﬁ Yﬁ?@l%é@?&l&@%oé@%ﬁ%ﬂs ee@etl%ehgglleteede havi ng

a sequence length than"that of the I'ong code and to be multiplied
ina fﬁéﬂ@éﬁ@@e§%§§YdWPé€P|Bﬁs én&eﬂHénFSnﬁeESHg eBERhgta LolE™ASYi ng a
repeti tgronHeerd s dongesrs hiap aubunperiol thepices mieldtoanswpnisotat a synbol
and Iog %%nbggn % gHgbggegaency axis by the short cocde, which has a
repetition period equal to a number of copies made from one data
symbol, and then by multiplying a plurality of short code
multiplied data symbol sequences by the long code, which has
a repetition period longer than the number of copies made from
one data symbol and equal to the number of sub-carriers, while
sequentially shifting the long code to be multiplied with each
one of different short code multiplied data symbol sequences
on a time axis from the long code multiplied with an immediately
previous short code multiplied data symbol sequence by one or
plural data symbol part in a frequency direction; and
() transmitting(S5) the spread data symbol sequence by using

a plurality of sub-carriers.

5. A method for receiving signals at a mobile station in a mobile
communication system, the method comprising the steps of:

(a) receiving a spread data symbol seguence transmitted from
a radio base station{204,206,208,210,212,214) by using a
plurality of sub-carriers; and

(b) doubly despreading(S13,514) the spread data symbol sequence,
to obtain a despread data symbol sequence, by multiplying the




sub-carriers and to be nultiplied in the frequency axis direction and a
time axis direction, and conbi ning a nunber of spreading code nmultiplied
data synbol s equal to the sequence |ength of the short code. 6. The nethod
of claimb5, wherein the step (b) multiplies one short code selected froma
set of short codes that are commnly aPFPocated to all radio base stations
and to be used in identifying nobile stations, and one | ong code sel ected

from R 1CREGSer i oy R kB read lapdakl orenedlirigo seshbrt ad| 0
base S'%g)t%l %ﬁ ‘gﬁt%é be usegé?n |dga Proaung ch _base stdaetl

transmaass dehidet I TPAMmsniiEi f O§Fgﬁ&%§ E’F&r‘ﬁgaara:(f aa%%ng a
st at i oeRbrQ6,1208,t41 @1dk2 e21 4hainn taatobit| ehecdbonaniedei andsystlesn t he

transm tter, devi ce conprisin yi 1 opy each
dat a sﬁ‘ﬁﬂtﬂ Fglf E’a‘ff npéﬂﬁ%%elg“ s%lqa&gln%e%é%ee{?éa%ﬁlﬂ%% a%?daﬁge copi ed
dat a St;erm@ 8 onda Haeiqueacyepst sticn geniad Agnaattthams 21 9uwWbprcehfi gur ed
to dou@é& tQ%tﬂ?E%e WFROL . ReaYenaa, 1bﬁge?t§h8naa3ﬂuﬁﬁgrd@fa symbo

sequence, tiplying the copied data synbol s arranged on the frequency

axi s bwtﬁprmmr%om 72| Bgi MLt hbtedcdde W ATPERGECIde tRe short
code b‘%:lﬂ%c%l‘é?ldénbaal Elﬂmél &eedildeen ipar | aAd ecprabitine a number of copi es

nadefromone data dtob e e e Xi s
di r ect i e qs%r?&ﬁ&&(? 158 ﬁlﬁ‘%g E’ng& a\%fzﬁéma&?eﬁfel% ??%g%ce:?l od
| onger Idragth hﬁ niibeshaft caples nade from one data synbol and | onger than

a nunber of sub-carriers and to be nultiplied in the frequency axis
direction and a tine axis direction; and a transmttln% upni't configured to
p

transnig. tihe spetbed ¢it alaldm @yn‘b‘@ﬁr%@ad@m:@ttﬂp US nGUa TAPA &R PYE of

sub- Caré}‘rcﬁfts cofle $8Pedt DA @r sé@VéﬁesKHrtC'c@dmshha\tleiﬁt rckendpr eadi ng
uni t l'i es one short code selected froma s%g %ho tS Cé)deg t hat
are corﬁ%hP?aaleldod%ﬂ’ e¥ito TR ? AP B p &P St REPo AL nruot &5Fsed i n

i dent i fiyde&ver 1Bpide rﬁdkﬁil@r&atammg),n@ﬂdm@ecdd@gseb_det edlerpad 6nemor nore
| ong codnes Jhat are ANl QU Ly gLl ogat %glihﬁefﬁceﬁlrcﬁ;%‘tgdb@éeeach radio

base station and to be used in identifying each base station.

7. A transmitter device for transmitting signals from a radio
base station (204,206,208,210,212,214) in a mobile
communication system, the transmitter device comprising:

a copying unit (16) configured to copy each data gynbol of a data
symbol sequence to be transmitted and arrange copied data
symbols on a frequency axis;

a spreading unit (18,19,22) configured to doubly spread the data
symbol sequence, to obtain a spread data symbol sequence, by
multiplying the copied data symbols arranged on the freguency
axis by spreading codes including a short code and a long code, the
short code being a code having a repetition period equal to a
number of copies made from one data symbol and to be multiplied
in the frequency axis direction, and the long code being a code
having a repetition period longer than the number of copies made
from one data symbol and longer than a number of sub-carriers
and to be multiplied in the frequency axis direction and a
time axis direction; and

a transmitting unit configured to transmit the spread data




station and to be used in identifying each base station. 9. The transmtter
device of claim7, wherein the spreading unit obtains a short code

mul tiplied data synbol sequence whose synbols are transmtted

si mul t aneously which has a sequence |ength equal to the nunber of the
sub-carriers by multiplying the short & de, and then obtains the spread
data synbol sequence by multiplying a plurality of short code nmultiplied
dat a syswobol seegesmes bﬁluetngvélplbyaghéYI@ﬁgS@@déﬁrIG?rﬁ-transnitter
device for transmtting signals froma radio base

station(204, 206, 208, 210, 212, 214) in_a nobile comuni cati on system the

t r ansmi&.t dheddviecentober | devige PIcePpimg 7unherab) B FRAREEHo Wopy each
data sygbali9fi & dakasB¥PPUods gaueneed oroe 4 lsafsst tdeskarddri snge copi ed
data synbols on _a frﬁquenc axi s;. a readin uaﬂ;i.t(résg,l ,g2) congi ured to
doubl y 35 68MPRE Yaat hocayethdic é&ugﬁégot‘?)a%%tg%ﬁ oM PEFH Al R 3y Fbol
sequencier hyierohit Bf md gnab sherdt aooiden sty l dndldned 1datga csyebeel sepie fizemwhose
synbol s _are transmtt L, ml . i q - equal
o e nomier O T oA Rl D e L R B O o ae ol

ar r angext adniarherfd équénecyusad $nbydensisnony eedb, baghi ekahilla repetition
period equal to a nunber of copies made from one data synbol, and then

obtaining the spread data synbol sequence by nultiplyi ng gaxg(lgural ity of
short cHdERRUETFPFTEE ST 8NS5 Db ClequdncBREFFLR Hd'S SRGEEZHE Whikth has a
repeti tdona i RET hodhbeRgehddham It Nudeda0d sopbes wedednoemwinesalat a

Shi i i LT oG cOHEN Y bESTuP LT F BBSR PR e Al Cndosof AEEETR short
code muildngit ednodt acs\eohusbguenteshensabt ¢aeriexs sof rmomtird igwy code
mul tiplded MR 80sL MEM AELY BEEVOUhe ibadCagies BUdl kegudada sythol
sequencee%y one or pfura 55ta syn%d? art in a frequency direction; and a
t r ansniky imy tdplyingoaf Pherald 1o ofr ghewt codr Bpktdad 188k 4289 nPdrequence
by usi Ngeq@eRbslsabbt Vet i SHDyCBYT LRESI oY cBdeecei ver device for receiving
signals at a nobile station

10. A transmitter device for transmitting signals from a radio

base station(204,206,208,210,212,214) in a mobile

communication system, the transmitter device comprising:

a copying unit (16 ) configured to copy each data symbol of a data symbol

sequence to be transmitted and arrange copied data symbols on

a frequency axis;

a spreading unit(18,19,22) configured to doubly spread the data

symbol sequence to obtain a spread data symbol sequence by

obtaining a short code multiplied data symbol sequence whose

symbols are transmitted simultaneously which has a segquence

length equal to a number of the sub-carriers by multiplying the

copied data symbols arranged on the frequency axis by the short code,

which has a repetition period equal to a number of copies made from

one data symbol, and then obtaining the spread data symbol

sequence by multiplying a plurality of short ccde multiplied

data symbol sequences by the long code, which has a repetition

period longer than the number of copies made from cne data symbol

and equal to the number of sub-carriers, while



in a nobile communi cation system the receiver device conprising: a
receiving unit configured to receive a spread data synbol sequence
transmtted froma radio base station (204, 206, 208, 210, 212, 214) by using a
plurality of sub-carriers; and a despreading unit (37,39,44) configured to
doubly despread the spread data synbolzéequence, to obtain a despread data
synbol sequence, by nultiplying the spread data synbol sequence by

spr eadigagn.endes] i pCdnii i AtERIdng edaeand ke mangipdded with shehtonode
bei ng a code_having .a segu%nce en n?igprter thaﬁ t hat of the Eon code
and (o BeShLEET BT Gt SORFTErES L6 S EXEPah SC P A¥e ot chi Bode

bei ng axgtedtrdwavhdd ctgrepit inhl oiplped eitth angetnedibarlyg puetieusoéhoopi es
made from one,data.s |_ and, | onge n e ub- car L. and to
be. mul (1 0 R P PRl SRy o S iy e B B Ba RS B
and cominti ngna aunbeegoéncypréadengicnde andtidpl itechrRmetsipdolwnkgual to
the se S t Eg%&f cel Vi | ai m
11, mhgggﬂ%ﬁ¥ﬁ%§£g§gFgég%ﬁgt E%?t8§§€§?ﬁ%%§% necgh%Féﬁ%ggg Egﬁéf%gﬁ froma
set of asipdraradddes oft b garwe®®nly all ocated to all radio base stations
and to be used in identifying nobile stations, and one |ong code selected
fromone or nore |ong codes that are uniquely aIIocatq%ﬁito %%%h radi o base
stati oflanf FeCeb/si&EYlTs doht FEGehG i IS5 At P12 300

conput ém usahbe inedi aemiavikg o UEes teandabl & epregrainyecodesy ecbodi ed
therein for .causing a conputer to function as a transmtter device for
transnf%??ﬁ&sépgﬁals froma radio base station in a nobile conmunication
syst ema titeceibmng euni tadablifé gupedgriam xecesve nel speeagd fdatsy TGP er

r eadabl g program code LaknGaYsigng sai grganputerg to  cepyigach datagsynbol
of a data synbol sequen transmtted and arranggléggged dat
I

ce to be
symbol S 501 2Rftieat§: akPs 218 dddartd 4 lcomyut BE 1F8adab 5% cdle for
causi NGsuT h1SOERE eradd

a despreading unit {37,39,44) configured to.doubly despread the
spread data symbol sgequence, to obtain a despread data symbol
sequence, by multiplying the spread data symbol sequence by
spreading codes including a short code and a long code, the short code
being a code having a sequence length shorter than that of the
long code and to be multiplied in a frequency axis direction,
and the long code being a code having a repetition period longer
than a number of copies made from one data symbol and longer than
a number of sub-carriers and to be multiplied in the frequency axis
direction and a time axis direction, and combining a number of
spreading code multiplied data symbols equal to the sequence
length of the short code.

12. The receiver device of claim 11, wherein the despreading
unit multiplies one short code gelected from a set of short codes
that are commonly allocated to all radio base stations and to
be used in identifying mobile stations, and cne long code
selected from one or more long codes that are uniquely allocated
to each radio base station and to be used in identifying each

base station.,



doubly spread the data synbol sequence, to obtain a spread data synbol
sequence, by multiplying the copied data synbols arranged on the frequency
axi s by spreading codes including a short code and a |ong code, the short
code being a code having a repetition period equal to a nunber of copies
made fromone data synmbol and to be nulfiplied in the frequency axis
direction, and the long code being a code having a repetition period
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16. A gag{ﬁ)‘ét %nﬁsgleas ”@%%ﬂéﬁv'd&e‘:%@ﬂgeé s&adapl e oy g%eagtszegsﬁ

enbodi her el or causing a conputer t unction as transmtter

devi ce Heari o sayailt £Png BYHRRT Of rinries awds Byse omg aéaffﬁqﬁywbg n®BRI e

Commnlt%ﬁﬂdeoﬂlui}ﬁﬁ)!?ﬂédtﬂ? RIIHELehepdaki 8 dPFegEamnGodesl ithd Udsnga first

conputer re | e program code for causi said ¢
P code efhg g %de haé%ng a repet{%hon perﬂgg

uiongeg than the
number of copies made from one data symbol and longer than a number
of sub-carriers and to be multiplied in the frequency axis direction
and a time axis direction; and

a third computer readable program code for causing said computer to
transmit the spread data symbol sequence by using a plurality of

sub-carriers.

14. The computer usable medium of claim 13, wherein the second
computer readable program code cauges said computer to multiply
one short code selected from a set of short codes that are
commonly allocated to all radio base stations and to be used
in identifying mobile staticns, and one long code selected from
one or more long codes that are uniquely allocated to each radio

base gtation and to be used in identifying each base station.

15. The computer usable medium of claim 13, wherein the seccnd
computer readable program code causes said computer to obtain
a short code multiplied data symbol sequence whose symbols are
transmitted simultaneously which has a sequence length equal



copy each data synbol of a data synbol sequence to be transmtted and
arrange copi ed data synbols on a frequency axis; a second conputer
readabl e program code for causing said conputer to doubly spread the data
synbol sequence to obtain a spread data synbol sequence by obtaining a
short code nmultiplied data synbol sequé@fce whose synbols are transnmitted
si mul t aneously which has a sequence |ength equal to a nunmber of the
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sequence whose symbolg are transmitted 51multaneously which has

a sequence length equal to a number of the sub-carriers by

multiplyving the copied data symbols arranged on the frequency

axis by the short code, which hag a repetition pericd equal to a

number of copies made from one data symbol, and then obtaining the

spread data symbol sequence by multiplying a plurality of short

code multiplied data symbol sequences by the long code, which has

a repetition period longer than the number of copies made from one

data symbol and equal to the number of sub-carriers, while

sequentially shifting the long code to be multiplied with each one

of different short code multiplied data symbel sequences on a time

axis from the long code multiplied with an immediately previous

short code multiplied data symbol sequence by one or plural data

symbol part in a frequency direction;

a third computer readable program code for causing said computer to

transmit the spread data symbol sequence by using a plurality of

sub-carriers.

17. A computer usable medium having computer readable program



code, the short code being a code having a sequence length shorter than
that of the tong code and to be nultiplied in a frequency axis direction,
and the | ong code being a code having a repetition period |onger than a
nunber of copies nmade fromone data synbol and | onger than a nunber of
sub-carriers and to be nultiplied in tRé frequency axis direction and a
time axis direction, and conbining a nunber of spreading code nmultiplied

data  yEl Soiiddled thea%lae%e_»nesug%gta @Bmfab@eﬁh@btfﬁﬁélﬁloﬁ&as Tae
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receive a spread data symbol sequence transmitted from a radio
base station by using a plurality of sub-carriers; and a second
computer readable program code for causing said computer to
doubly despread the spread data symbol seguence, to obtain a
despread data symbol sequence, by multiplying the spread data
symbol sequence by spreading codes including a short code and a long
code, the short code being a code having a sequence length
shorter than that of the long code and to be multiplied in a
frequency axis direction, and the long code being a code having
a repetition period longer than a number of copies made from one
data symbol and longer than a number of sub-carriers and to be
multiplied in the frequency axis direction and a time axis
direction, and combining a number of spreading code multiplied data

symbols equal to the sequence length of the short code.

. 18. The computer usable medium of claim 17, wherein the second
computer readable program code for causing said computer to
multiply one short code selected from a set of short codes that are
commonly allocated to all radio base stations and to be used in
identifying mobile stations, and one long code selected from one or
more long codes that are uniquely allocated to each radic base station

and to be used in identifying each base station.




