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MOBILE COMMUNICATION SYSTEM IN MULTI-CARRIER CDMA 
SCHEME USING SHORT CODE AND LONG CODE 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 
The presenL invention relates to a mobile 

communication sysLem ln the multi-carrier CDMA (Code 

Division Multiple Access) scheme. 

DESCRIPTION OF THE RELATED ART 
The CDMA scheme tn which eac:h communica'ting party is 

identified by using a spreading code allocated to each 
communicating· party and a plurality of communicating 

l5 parties carr~.out communications using the iden~ical 
frequency band has been known conventionally. The next 

generation Diob1le communication scheme called IMT-2000 

adopts a radio access scheme called wideband direct 

sp~eading lDSJ CDMA scheme (which will be referred to as w-
20 CDMA scheme hereafter) which uses the spreading bandwidth. 

of 5 MH~ or ~ore. 
In the downlink of ~h!s W-CDMA scheme, each 

communicating par~y is 1den~if1ed by using a short code 
having a repetition period.equal to a data symbol period. 

25 which !s a spreading code allocated to each commun1cat'1ng 
party at a radio base station. On the o~her hand, a radlo 

mobile s~ation identifies each radio base station by us.ing 
a long code having a much longer repetition period compared 
with the short code. 

30 Figs. lA and lB show the·conven'tional spreaqlng code 

allocation methods in the downlink of an .inter-cell 
asynchronous system and an lnter-cell synchronous system, 
respectively. As shown in Fig. lA. the W-CDMA scheme adopts 
the in'ter-cell asynchronous system that requires no 

35 external sys~em for the purpose of the timing 
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synchronization, 1n which long codes #0, #1 and #2 that are 

different for different radio base stations are used 1n 

order to !denl:!'fy radio base sta'tions of respective cells 

104, 106 and 108 at a long code layer 100. Nol:e that the 

5 long code is also referred to as a scrambling code in a 

sense that it scrambles signals from the other codes as 

noises.· 
on t:he other hand, .'the cdma2000 scheme thal: has been 

proposed 1n t:he United States as a candidate for the IMT-

10 2000 instead of the W-CDMA scheme or rhe convenrlonally 

known IS-95 scheme realizes the inter-cell synchronous 

system as shown in F1g. lB, which uses a CPS 116 or the 

like to provide a 'timing reference common to all the radio 

base stations 110. 112 and 114 a't the long code layer 10~. 

15 In this system, the radio base ~tations are identified by 

using a single type of a long code to which different 

t:iming shifts #0', #1' and #2' are given. 

Now, as a radio ac~ess scheme of "the mobile 

commun1cat1on sysl:em after 'the IMT-2000, the adoption of a 

20 method for 1:ransm1t1:1ng signals by using multiple carriers 

such as a mult1-carr1er DS-CDMA scheme or a mult1-ca.rr1er 

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 dal:a symbol on a frequency axis and 

mull:iply1ng each of them with t:he spreading code on 'thaL 

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 mult:i-::carr1er 

CDMA scheme so far has been mainly focused on the 

discussion of the performance evalua'tion at the link level 

and the timing and frequency synchronization. Although 'the 

35 multi-carrier CDMA scheme also identifies the communicating 
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party by using ~he spreading code allocated to each 

communicating party similarly as 1n t:he conventional DS­
CDMA scheme, t:here has been no discussion of a met:hod for 

efficiently allocating t:he spreading code conventionally. 

5 Also, 1n the case of using t:he mult1-carr1er CDMA 

10 

scheme as the mobile coU1D1unicat1on scheme, although there 

is a need to identify radio base station Just as in the 

case of using the W-CDMA scheme, rhere has been no 

discussion of a method for realizing this. 

BRIEF SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 

15 provide a mobile communication system which ls capable of 

using the spreading codes efficiently when the mul~1-
carrier CDMA scheme ls adopted as the niob1le communication 
scheme. 

According to one aspect: of the presen't invention there 

20 is provided a method for allocating spreading codes in a 
mobile commun1cat:1on system in which a radio base station 
transmlt:s signals by copying each dat:a 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 axis by rhe spreading 

codes, and transmitting a spreading code multiplied data 
symbol sequence by using a pluralit:y of sub-carriers, tl!e 
method comprising the steps of: allocating common short 
codes ~o all radio base stat:ions, t:he shor't codes being 

30 spreading codes having a repetition period equal to a 

number of copies made from one data symbol which are t:o be 
used in identifying mobile stations: and allocating one or 

more long codes uniquely t:o each radio base stat:ion, the 
long codes being spreading codes having a repet:ition period· 

35 longer t:han t:he number of copies made from one dat:a symbol 
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which are to be used in identifying each base station. 

According to another aspect: o'f the present invention 

there is provided a method for transmitting signals from a 

radio base station in a mobile conunun!cat1on system. the 

5 method comprising the steps of: (a) copying each data 

symbol of a data symbol sequence to be transmitted and 

arranging copied data symbols on a frequency axis: (b) 

doubly spreading the data symbol sequence. to obtain a 

spread data.symbol sequence. by multiplying the copied dat~ 
10 symbols arranged on the frequency axis by spreading codes 

including a shor~ code and a long code. the short code 

being a code having a repe'ti'tion period equal to a number 

o'f copies made from one data symbol, and ~be long code 

being a code having a repetition period longer than the 
15 nWDber of cop1esmade from one data sy1nbol; and (c) 

transm1~t1ng ~be spread data symbol sequence by using a 

plurality of sub-carriers. 

According 'to another aspect of the present invention 

there is provided a met~od for rece1v1ng 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 station by using a 

plurality of sub-carriers: and (b) doubly despreading the 
spread data SYDLbol sequence, 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 havin~ a sequence 

length shor'ter than 'that: of 'the long code. and combining a 
number of spreading code multiplied data symbols equal to 

30 the sequence length o_f the short code. 

According to another aspec"t of the present invention 
there is provided a transmitter device for trans~itt!ng 

signals from a radio base station in a mobile communication 

system, the transmitter devlce comprising: a copying unlt 

35 configured "to copy each data symbol of a dal:a symbol 
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sequence to be i:ransm! tted d.?1d arrange copied data symbols 
on a frequency axis: a spreading unit configured to doubly 
spread i:he dat:a symbol sequence, to obtain a spread data 
symbol sequence. by multiplying the copied dat:a symbols 

5 arranged on the frequency axis by spreading codes including 
a shor't code and a long code, the shor1: code being a code 
having a repe'tition period equal to a number of copies made 
from one data symbol, and the long code being a code baving 
a repetition period longer than the number of coples made 

IO from one data symbol; and a transmitting unit configured t:o 
transmit the spread data symbol sequence by using a 
plurality of sub-carriers. 

Accordi~g t:o another aspect of the present invention 
there is provided a receiver device for receiving signals 

15 a't a mo~lle s-cat:ion in a mobile communication system, the 
receiver device comprising: a receiving unit: configured to 
receive a spread data symbol sequence transmi"tted from a 
radio base station by using a plurality of sub-carriers; 
and·a des~reading unit config'Ured t:o doubly despread t:he 

20 spread data symbol· sequence, to obtain a des_pread data 
symbol sequence. by Diul "ti plying t·he spread data symbol 
sequence by spreading codes inc1Ud1ng- a short: code and a 
long code. t:he short: code being a code having a sequence 
leng-ch shor"ter t:han "that of l:he long code, and combining ~ 

25 number of spreading code mult:iplied dat:a symbols equal to 
the sequence length of the short: code. 

According to another aspect of t:he present 1nvenL1on 
tnere is provided a comput:er usable medium having computer 
readable program codes embodied "therein for causing a 

30 comput:er· to function as a transm1tt:er device for 
t:ransmltt1ng signals from a radio base station in a mobile 
colDJllunication system, t:he compu-cer readable program codes 
include: a first compu'ter readable program eode for causing 
said computer to copy each data symbol of _a data symbol 

35 sequence t:o be transmitted and arrange copied data symbols 
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on a frequency axis; a second computer readable program 
code for causing said computer to doubly spread Lhe data 
symbol sequence, to obtain a spread data symbol sequence, 
by multiplying the copied data symbols arranged on the 

s frequency 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 the long code being a code having a 
repetit:ion period longer than the nunaber of copies made 

10 from one data symbol; and a third computer readable program 
code for causing sald computer to transmit the spread data 
symbol sequence by using a plurality of sub-carriers.· 

According to another aspect of the present invention 
there is provided a computer usable medium having computer 

15 readable program codes embodied t:herein for causing a 
computer to function as a receiver device for receiving 
signals al: a mobile stat:lon in a mobilecommunlcation 
syst:em, t:he computer readable program codes include: a 
flrs't computer readable program code for causing said 

20 computer t:o receive a spread data symbol sequence 
transmitted from a radio base sta~1on by using a plural1~y 
of sub-carriers: and a second computer.· readable program· 
code for causing said computer to doubly despread t:he 
spread dat:a symbol sequence, to obtain a despread data 

25 symbol sequence, by multiplying 'the.spread dat:a symbcH 
sequence by spreading codes including a short code and a 
long code, the shorl: code being a code hav1ng·a. sequence 
length shori:er than that of.the long code. and combining a 
nUm.ber of spreading code multiplied dat:a symbols equal to 

30 the sequence length of the short code; 

35 

Other features and advantages of the present invention 
will become apparent: from l:he following description taken 
in conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. lA and lB are schemat:1c diagrams showing 

conventional spreading code alloca.t:ion methods in the 

5 downlink of an in'ter-cell asynchronous syst:em and an !nt:er­

cell synchronous system, respect:ively. 

Figs. 2A and 2B are schematic diagram showing 

exemplary spreading code alloca'tion methods for the mobile 

communication sys'tem in the multl-carrier CDMA scheme 

10 according 'to one embodiment of the present invention. 

Fig. 3 ls a 41agram showing one exemplary me~hod for 

multiplying the spreading codes w1th the da'ta symbols at a 

radlo base st:a'tion of the mobile communica't1on system in 

the multi-carrier CDMA scheme according to one embodiment 

15 of the pres~nt invention. 
Figs. 4A and 4B are diagrams showing ot:her exemplary 

met:hods for mult1ply1ng t:he spreading codes with the dat:a 

symbols at: a radio base s'tat:!on of t:he mobile communication 

sys"tem in the multi-carrier CDMA scheme according- t:o one 

20 embodimen't of the present invention. 

Figs. SA.and SB are diagrams showing other exemplary 

methods for mul't!plying the spreading codes w1th the dat:a 

symbols a't a radio base sta1:1on of t:he mobile communication 

system in the multi-carrier CDMA scheme according to one 

25 embodiment: of the present invent:!on. 

Fig. 6 is a .block diagram showing one exemplary 

configuration of a t:ransmltt:er. at a radio base station of 

the mobile commun1ca't1on syst:em in the mult:i-carrier CDMA 

scheme according to one embodiment: of 'the present 

30 invention. 

Fig. 7 is a block diagram showing one exemplary 

configurat:ion of a receiver at: a mobile s'tat:1on or t:he 

mobile communication system in the mul'tl-carrier CDMA 

scheme according t:o one embodiment of t:he presen't 

35 1nvent1on. 
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Fig. 8 is a block diagram showing anot:her exemplary 

configuration of a t:ransmit::ter at a radio base station of 

the lbobile communica'tion sys"tem in 'the mul'ti-car.r1er CDMA 

scheme according :to one embddimen~ of the present 

5 1nven't1on~ 

Fig. 9 is a block diagram showing ano'ther exemplary 
configura'tion of a receiver at a. mobile s"tation of 'the 

mobile communication system 1n :the multl-carrier CDMA 
scheme according to one embodimen't of the presen't 

10 invention. 

Fig. 10 is a flow chart showing a processing procedure 

for :transmitting signals by :the transml:tter shown in Fig. 6 
or Fig. 8. 

Fig. 11 is a flow chart: showing a processing procedure 

15 for receiving signals by the· receiver shown in Flg. 7 or 

Fig. 9. 

20 

DETAILED DESCRIPTION OF THE INVENTION 

Referring now :to Figs 2A and 2B to Fig. 11, on~ 

embodiment: of t:he mobile communication sys'tem according 'to 
the present 1nvenl:ion will be described 1n detail. 

In the fo11owing description, the "shor~ code" refers 
25 to a short: period spreading code whi<?h is a code having- a 

repetition period equal t:o the number of copies made for 
·one data symbol, and t:he "long- code" refers 'to a long 

period scrambling code which is a code having a repetition 

period longer :than t:he number of copies made for one data 
30 symbol. 

In this embodiment, t:he da:ta.symbol sequence to be 
transmi t'ted by t:he radio bas.e station will be multiplexed 
by one of 'the short period spreading codes and one of Lhe 
long period scrambling codes, where each radio base si:ation 

35 ls allocat:ed wit:h one or more long period scrambling codes. 
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Figs. 2A and 2B show exemplary spreading code 

allocation met:hods -for the mobile communication system 1n 

the multi-carrier CDMA scheme according to this embodlment. 

In an example shown in F1g. 2A. a set of short codes 

5 for identifying communicating par'ties {mobile s'tations) at 

a short code layer 201 is commonly used by all radio base 

s'tat:ions 204, 206 and 208. Also, a different one of t:he 

long codes for identifying radio base stations at a lon~ 

code layer 200 is allocated to each radio base s'tation, 

10 such that the long code #0 is alloca"ted to a radio cell 

204, the long code #1 is allocated to a radio cell 206, and 

the long code #2 is allocated to a radio cell 208. 

In an example shown in Fig. 2B, a set or short codes 

for identifying communicating parties (mobile st:ations) at 

15 a short code layer 203 ls commonly used by all radio base 

stations 210. 212 and 214. Also. different two of the long 

codes for identifying radio base stations at a long code 

layer 202 are allocated to eac~ radio base st:a'tion, such 

'that the long codes #0 and #1 are allocated t:o a radio cell 

20 210, the long codes #2 and #3 are allocat:ed t:o a.radio cell 

212, and t:he long codes #4 and #5 are allocated to a radio 

cell 214. 

In this way, different: lon~ per1od scrambling codes 

are allocat~d to different base st:at:ions. so that the 

25 common short: period spreading codes can be commonly used by 

all 'the base stations, and 'therefore the spreading codes 

can be used efficiently. 

In addition, the same frequency can be used at all the 

base st:a'tion (tha1: is, 1t ls possible t:o realize one cell 

30 frequency usages}. 

F1g. 3 shows one exemplary met:hod for multiplying the 

spreading codes with the data symbols at a time of 

transmitt:ing signals at a radio base stat:ion of the mobile 

communication syst:em in t:he multi-carrier CDMA scheme 

35 according to t:his embodiment. 



10 

In an example shown in Fig. 3, the sequence length SF 

of the short code ls equal to four. and the sequence length 

L of the long code 1s four times the number of sub-carriers 

N. i.e., L = 4N. Here, the sequence .length has the same 

5 meaning as the repetition period of the spreading code. and 

N is a natural number. 
In the case where the sequence length of the short 

code is four, N/SF (= N/4} data symbols are to be 

"transmitted in parallel {simultaneously} by N sub-carriers. 

10 Each data symbol in a sequence of N/SF (= N/4) data 

symbols is copied as many as the number of symbols rhat is 

equal to the sequence length of the short code lwhich is 

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

arranged on a frequency ax!s. 

15 Then, the data symbol sequence arranged on the 

frequency axis is multiplied by the short code. Further, 

the da'ta symbol sequence 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 the long 

20 code. 

Note that, ln the example of Fig. S, at a time.of 

mul't1ply1ng t:he short code, each data symbol is copied and 

these copies are arranged on the frequency axis fll"st and 

then the short code is multiplexed, but it is also possible 

25 to use a procedure in which ea~h data symbol is spread by 

using the short 6ode, then multiplled by the long code, and 

then the long code mull:iplied da'ta symbol sequence is 

arranged along the frequency ax1s direction. or a procedure 

in which each data symbol is spread by using a produc't of 

30 the short: code and t:he long code first: and then the spread 

data symbol sequence is al"ranged along the frequency axis 

direction.· 

Using the method for multiplying the spreading codes 

shown in Fig. 3, it is possible to realize a transmission 

35 scheme which 'transmits signals by using a plurality of sub-
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carriers by arranging copies of the data-symbol on a 

frequency axis and multiplying each of them with the shorl: 

and long spreading codes on that; frequency axis. 

In 'this way, even in the case of using the _multi-

5 carrier CDMA scheme, it becomes possible to allocate the 

spreading codes efficiently, by multiplying the long code 

in addition to the conventionally used spreading by using 

the short code. 
Firs. 4A and 4B show other exemplary methods for 

10 multiplying the spreading codes with the dai:a symbols at a 

time of transm1tting signals at a radio base sta't1on of t:he 

mobile communica~ion system in the multi-carrier CDMA 

scheme according to this embodiment. 

Fig. 4A shows an exemplary case of mult:iplyingthe 

15 spreading c_ode when the sequence length L of the long cod_e 

is three times the number of sub-carriers N. i.e., L = ~N. 
In the example shown In Fig. 4A, three data symbol 

sequences on the frequen~y ·axis which are to be transmiti:ed 

simultaneously are collectively mull:iplied by the long 

20 code. 

Fig. 4B shows an exemplary case of multiplying the 

spreading code when the sequence lengl:h L of the long code 

is 5.5 times the number of sub-~arr1ers N. i.e •• L = 5.SN. 

ln ~he example shown in Fig. 4B. first five data symbol 

25 sequences and sub-carriers up to the sub-carrier #N/2 of 

the slx'th data symbol sequence on the frequency axis which 

are to be l:ransmitted simult:aneously are collectively 

mul~!plled by the long code, and then sub-carriers starting 

from the sub-carrier #N/2~1 of the sixth data symbol 

30 sequence and the subsequent five data symbol sequences Qn 

the frequency axis which are to be transmit:ted 

simultaneously are collectively mult:iplied by the long 

code. 
In the multi-carrier CDMA scheme, the channel 

35 estima"tion value for each sub-carrier becomes necessary at 
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a 'time of carrying ou't 'the despreading and coheren't 

demodulat:ion. In order to derive tbls channel es't!ma'tion 

value, t:here is a need for the averaging of "the pilot 

symbol along the time direction for each sub-carrier, and 

5 for t:his reason the spreading pa"tterns of the long codes 

must: be differen't alorig the 1:1me direction for different 

base stations. The methods for mul1:1plying the spreading 

codes shown in Figs. 4A and 4B can make the spreading 

pa't'terns of the long codes d1fferen't along the time 

10 d1rect:1on for different base s'tations. 

Figs. 5A and SB show other exemplary mel:hods for 

multiplying t:he spreading codes wi'th the-data SYIJlbols at a 

time of transm11:t1ng signals at a radio base sta"tion of 'the· 

mobile communication .sysi:em 1n 'the multi-carrier· CDMA 

·15 scheme according to this embodiment'. In examples shown in 

Figs. 5A and SB. the sequence lengt:h L of 'the long code 

equal t:o t:he number of sub-carriers N is used. 

Flg. SA shows an exemplary case 1n which, at a time of 

multiplying the long code along the frequency d1rect1on. 

20 the long code to be multiplied with each one of different: 

data symbol sequences on t:he time axis is sequentially 

shifted from an immediately previous one by one chip par't 

in 'the frequency d1rect1on, t:ha't 1s, by one copied data 

symbol part. 
25 Fig. SB shows an exemplary case in which, at a t:ime of 

.mult1ply1ng the long code along t:he frequency direction, 

the long code 'to be multiplied with each one of d1fferen't 

dat:a symbol sequences on the time axis is sequentially 

shifted from an 1mmed1ately previous one by rwo chip part: 

30 in the frequency direction. that is, by two copied data 

gymbol part. 

In t'his way, using 'the method for mul~iply1ng the 

spreading codes Shown in Fig. 5, it !s possible to mul'tiply 

the long code not only 1n the frequency axis direction but 

35 also ln the "time axis d1rec1:1on. For "this reasori. lt: 
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becomes possible to distinguish signals from each cell at a 

time of integrat:!ng the pilot: symbol in the time direction 

in order to carry out the channel estimation in each sub­

carr1er, so that lt becomes possible to carry out the 

5 channel estimation at high precision. 

Fig. 6 shows one exemplary configuration of a 

transmitter (to be provided at a radio base station) and 

fig. 7 shows one exemplary configuration of a corresponding 

receiver (to be provided at a mobile station) that can be 

10 used in the moblle communication system in the multi­

carrier CDMA scheme according to this embodiment. 

The transmitter of Fig. 6 comprises a transmission 

data generator 11 for generating transmission data, an 

encoder. 12 for encoding the transmission data, a data 

15 modulator ~3 for modulating the_ encoded transmission data. 

a multiplexer 14 for mul'tiplexing the modulated and encoded 

transmission data with a pilot symbol, a serial/parallel 

converter 15 for applyinK a serial to parall~l conversion 

to an ou1:pu-c of the multiplexer 14, a copier 16 for copying 

20 each output of "the serial/parali.el converter 15. a short 

code generator.17 for generating the short code, a 

plurality of multipliers 18 for multiplyin~ the outputs of 

the copier 16 by "the short code. a combiner 20 for 

combining outputs of 'the mul~ipliers 18, a long code 

25 generator 21 for g-enerating the long code, a piurality or 
multipliers 22 for multiplying outputs of the combiner 20 

by the long code, an IFFT (Inverse Fast Fourier Transform) 

or IDFT {Inverse Discrete Fourier Transform) circuit 23 ·for 

applying the IFFT or IDFT processing to N sub-carriers 

30 outputted from 'the multipliers 22, and a guard interval 

insertion unit 24 for inserting a GI (Guard Interval} to an 

outpu~ of the IFFT or IDFT circuit 23. 

In this configuration of Fig. 6, a section 10 

conta1n1ng t:he 1:ransm1ssion data generator 11, the encoder 

35 12. the data modulator 13, the multiplexer 14, the 
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serial/parallel converter 15, the copier 16, the short code 

generator 17 and the multipliers 18 is provided 1n multiple 

sets. 
The receiver of Fig. 7 comprises a symbol timing 

5 detection unit 31 for detecting the symbol timing in the 

received slgnals, a guard interval removing unit 32 for 

removing the GI from the received signals. the FFT (Fast 

Fourier Transform) circuit 33 for applying the FFT 

processing: to an output of the guard interval removing unit 

10 32, a channel estimation unit 34 for carrying out the 

channel estimation, a plurality of multipliers 35 for 

multiplying an output of the channel estimation unit 34 

with outputs of the FFT circuit 33, a long code generator 

36 for generating the long code. a plurality of .multipliers 

15 37 for multiplying 011t:put:s of the multipliers 35 by t:he 

long code, a short code generator 38 ~or generating the 

short code, a. plural! t:y of mul t:1pliers 39 f-or mul t1ply1ng 

each short: code sequence length SF part of output:s of the 

mult:1pl1ers 37 by the short code, a summation circuit 40 

20 for summing each short code sequent length SF part of 

outputs of "the multipliers 39. a para.llel/seria.l conyert:er 

41 for applying a parallel t:o serial conversion to outpu'ts 

of the swmuat:1on circuit 40. a data demodulator 42 for 

demodu1at1ng an output. of the parallel/serial convert:er 41, 

25 and a decoder 43 for decoding an output of the data 

demodulat:or 42 to obtain the recovered data. 

Fig-. 8 shows another exemplary configuration of a 

transmitter (to be provided at a radio base station) and 

Fig. 9 shows another exemplary configuration of a 

30 corresponding receiver (to be provided at a mobile stat:ionJ 

that: can be used in t:he mopile communication system in the 

multi-carrier CDMA scheme according -co this embodiment. 

where the same reference numerals as in Fig. 6 and fig. 7 

are given to the corresponding elements. 

35 The transmitter of Fig. 8 differs from tha~ of Fig. 6 
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in that a multiplier 19 for mult!ply!ng an output of the 

short code generator 17 by the long code is provided 

between the short code generator 17 and ~he mult!pl1ers 18 

in the section 10, instead of the multipliers 22 used in 

5 the configuration of Fig. 6. 

The receiver of Fig. 9 differs from that of F!g. 7 in. 

that a multiplier 44 for multiplying an output of the snort 

code generator 38 by the long code is provided between the 

short code generaror.38 and the mult1pllers 39, instead of 

10 the mul'tipllers 37 used 1:ri the configuration of Fig. 7. 

The transmitter of Fig. 6 operates according to the 

flow chart of Fig. 10 as follows. 

F!rst, the transmisslon da'ta sequence entered from 'the 

tran~misslon data generator 11 is en~oded by the encoder 12 

15 and modulated by the data modulator 13. Then, the encoded 

and modulated transmission data sequence is multiplexed 

with t:he pilot symbol at the multiplexer 14, and the serial 

to parallel conversion is applied by the serial/parallel 

convert:er 15 (st:ep Sl}, In a serial to parallel converted 

20 sequence of N/SF da'ta symbols, each da'l:a symbol is copied 

as many as the ~umber of symbols equal to the short code 

sequence length (chlp leng'th) by the copier 16. and these 

copies are arranged on the frequency axis (step S2J to 

obt:ain the firs1: data symbol sequence. 

25 Then, 'the first data symbol sequence arranged on the 

frequency axis 1s mult:iplied by the snort code at the 

multipliers 18 (step S3} to obtain the second data symbol 

sequence. 

Then, the short code multiplied second 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 is mul~1plled by the long code at i:he 

DlUlt1p11ers 22 (step S4) to obtain 1:he third data symbol 

sequence. 

35 Then. the long code multiplied third data symbol 
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sequence in the sequence length N is en"tered into the IFFT 

circuit 23 and the guard 1n"terval inserting unit 24, to 

ob'tain the orthogonal mul"ti-carrier signals with N sub­

carr1ers. These orthogonal mul"t1-carrier signals are then 

5 transm1"tted using multiple carriers (step SS}. 

In the case of the transmitter of Fig. 8, "the steps S3 

and S4 are unified such that the f!rs"t da"ta symbol sequence 

is mul1:1pl1ed by a product of the short code and the long 

code. 

10 The receiver of Fig. 7 operates according to the flow 

char~ of Fig. 11 as follows. 

First, 'the symbol timing (FFT t1m1ng) ls detected by 

the symbol t1m1ng detec'tion unit 31, the guard ~n'terval is 

removed by the guard interval removing unlt: 32, and 'the 

15 resulting signals are demultiplexed into sub-carrier 

componen~s by the FFT circuit 33 (step Sll). Then, the 

channel variation value of each sub~carr!er is estimated at 

the channel es't1mation unit 34, and the channel varia'tion 

is compensa'ted at the multipliers 35 (st:ep S12). 

20 Then. Lhe channel variation compensated symbols of 

each sub-carrier are mul'tiplied by the long code 1n the 

sub-carriex- d1rec't1on at the multiplier 37 (step SlS), a.nd 

the long code mult1pl1ed symbols are multiplied by the 

corresponding short code 1n the sub-carrier direction at 

25 the mul'tiplier 39 (step S14). Then, as many symbols as the 

shorl: code sequence length (chip length) SF are summed at: 

the summation circuit 40 (step 515) to obtain the despread 

symbols. 

Then, t:he parallel to serial conversion is applied 'to 

so the despread symbols at the parallel/serial converter 41 

(step Sl6), and the resull:ing data are demodulaLed aL The 

data demodulator 42 and decoded al: the decoder 43 'to obtain 

~he recovered data {step 517). 

In the case of the receiver of Fig. 9, the s'teps S13 

35 . and Sl4 are unified such that the symbols of each ehannel 
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variation compensated sub-carrier are multiplied by a 

product of the short code and ~he long code. 

In the transmitter of Flg. 6 or Fig. 8 and the 

receiver of Fig. 7 or Fig. 9, the long code generator may 

5 ~enerate the long code in various ways. 

For example, in the case of using the method for 

multiplying the spreading codes shown in Figs. 4A and 4B, 

the 1ong code generator can store all the long codes to be 

used in the sys~em in a memory, and read out the long code 

10 to be used for the data transmission from ~he memory at a 

time of the data transmission. Alternatively, the long code 

generator can store formulae for generating the long codes 

in a memory, and read out a formula for generating the long 

code to b~ used for the data transmission and generate that 

15 long code _according to the read out formula at a time of 

the data transmission. 

S1m1larly, 1n the case of uslng the method for 

multiplying the spreading codes shown in Figs. SA and 513, 

the long code generator can store all "the 1ong codes to be 

20 used 1n the syst:em in a memory, and read out: the long code 

to be used for the data transmission from the memory.and 

shift: t:he read oul: long code by using a sh1f'l:er a1: a 'time 

of the data transm1ssion. A1ternatively. the long code 

general:or can store formu1ae for generating "the long codes 

25 in 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 t:he read out formula. and shift the 

generated long code by using a shifter at a time of 'the 

data "transmission. 

30 As described. in the mob1le communication system in 

the multi-carrier CDMA scheme according to the present: 

invention. data to be transmitted by the radio base station 

are doubly spread by using 1ong code tha't ls unique to ettch 

cell and to be used in identifying each cell, in addition 

35 to the user identifying code (spreading code) to be used in 
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1den1:1fy1ng each user. More specifically, the long code 
.having a repet11:1on period·longer than or equal t:o t:he 
number of sub-carriers is used. 

In addition .. it is possible to multiply the long code 
5 not only along t:he frequency direction but also along the 

time direction by shifting t:he long code sequentially in 
the frequency d1rec1:1on. such that 1t becomes possible ~o 
dist:1nguish signals from each cell at a time of integrating 
tne pilo~ symbols in a time direction in order to carry out 

10 the channel estimation in each sub-carrier.· 
Thus. according to the present invention? it becomes 

possible to allocate the spreading codes efficiently !n the 
downlink of the mobile communication system in the mult:1-
carr1er CDMA scheme. 

15 In addition, it becomes possible to impro~e the 
channel es1:1mat1on precision and ident:if)' each radio base 
sTa1:1on even 1n the case of uging the multi-carrier CDMA 
scheme 1n which the data symbol sequences are spread along 
the frequency axis direction. 

20 It: is to be noted 'that the above described e:mbod!ments 
according 'to 'the presenl: 1nven"tion 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 in the computer art. Appropria'te software coding can 
readily be prepared by skilled programmers based on the 
teachings of the present disclosure. as will be apparent to 
those skilled in the softwa~e art. 

In particular, each of the transmitter of Fig. 6 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 package. 

Such a sof'tware package can be a computer proe-ram 
produCL which employs a sl:ora~e medium including stored 

35 compu~er code which is used ~o program a computer to 
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perform the disclosed function and process of the present 

invention. The storage medium may inelude, but ls not 

limited to, any type of conventional floppy disks, optical 

disks. CD-ROMs, magneto-optical disks. ROMs, RAMs, EPROMs. 

5 EEPROMs. magnetic or optical cards. or any other suitable 

media for storing electronic ins~ruct1ons. 

It is also to be noted that, besides those already 

mentioned above, many modifications and variations of the 

above embodiments may be made without departlng from the 

10 novel and advantageousi feat'Ures of 1:he present invention. 

15 

20 

25 

30 

35 

Accordlngly~- all such modifications and variations are 

intended to be included within the scope of the appended 

claims. 
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WHAT IS CLAIMED IS: 

1. A met:hod for allocat:ing spreading codes in a mobile 

commun1cal:1on system 1n wh1ch a radlo base st:al:ion 

5 transmits signals by copying each dat:a symbol of a dat:a 

symbol sequence to be 'transmit'ted and arranging copied data 

symbols on a frequency axis. multiplying ~be copied dat:a 

symbols arranged on the frequency axis by the spreading 

codes. and t:ransm1tt:1ng a spreading code multiplied dal:a 

10 ·. symbol sequence by using a plurality of sub-carriers, t:he 

mel:hod comprising the steps of: 

allocating common short: codes. t:o all radio base 

stations, t:he short codes being spreading codes having a 

repe~ition period equal to a number of copies made from one 

15 data symbol which are to be used 1n ident:ify1ng mobile 

st:ations: and 
allocating one or more long codes uniquely to each 

radio base station, the lorig codes being spreading cod~s 

having a repel:11:1on period longer than the number of copies 

20 made from one data symbol which are to be used in 

1dent:ify1ng each base station. 

2. A method for transm1tt1ng signals from a radio base 

station in a mobile commun1cat1on syst:em, t:he met:hod 

25 comprising the sl:eps of: 

(a} copying each data symbol of a dat:a symbol sequence to 

be t:ransmi~ted and arranging copied dat:a symbols on a 

frequency axis; 

lb> doubly spreading the dat:a symbol sequence. to obtain a 

30 . spread data symbol sequence, by multiplying the copied data 

symbols arranged on the frequency axis by spreading codes 

including a short code and a long code, the short coae 

being a code having a repetition perlod equal t:o a number 

of copies made from one data symbol, and t:he long code 

35 being a code having a repetition period longer than the 
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number of copies made from one data symbol; and 
{c} transmitting the spread data symbol sequence by using 

a plurality of sub-carriers. 

5 3. The method of claim 2, wherein 'the s'tep {b} multiplies 
one short code selected from a se't of short cod.es· t:hat are 
commonly allocated ~o all radio base stations and to be 
used in identifying mobile stat1ons, and one long code 
selecl:ed from one or more long codes thal: are uniquely 

10 allocated to each radio base station and to be used in 
identifying each base st:atlon. 

4. The method of cla1m 2. wherein the long code has a 
sequence length great:er than a number of the sub-carriers, 

15 and _the step Cb) obtains a shorl: code mul 1:1plied data 
symbol sequence to be transmitted simultaneously which has 
a sequence length equal to the number of the sub-carriers 
by mult1ply!ng the short code, and then obtains the spread 
data symbol sequence by multiplying a plurality of short 

20 code multiplied data symbol sequences collectively by the 
long code. 

5. The method of claim 2. wherein the long code lllls a 
sequence lengl:h equal to a number of the sub-carriers, and 

25 the step (b} obtains a short code inul"tipl1ed data symbol 
sequence to be transmitted simultaneously which has a 
sequence lengt:h equal to the number of the sub-carriers by 
multiplying the short code, and then obtains the spread 
data symbol sequence by mult:iplying a plurality of short: 

30 code multiplied data symbol sequences by the long code 
while sequentially shifting the long code to be multiplied 
with each one of different short code mul~iplied dat:a 
symbol sequences on a time axis from the long code 
multiplied with an immediately previous short code 

35 mult!plled data symbol sequence by one or plural data 
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symbol parl: 1n a frequency direction. 

6. A method for receiving signals at a mobile station in 

a mobile communicat:ion system, t:he mel:hod comprising the 

5 s-ceps of: 
(a) receiving a spread dat:a SYDJ.bol sequence transmitted 

from a radio.base stat:ion by using a plurality of sub­

carriers: and 

(b) doubly despreading ~he spread data ·symbol sequence, to 

10 obtain a despread data symbol sequence, by mul"tiplying the 

spread dat:a symbol sequence by spreading codes including a 

short code and a long code. t:he short code being a code 

having a sequence length shori:er than t:hat o"f the long 

code, and combining a number or spreading code: multiplied 

_15 data symbols equal to the sequence length of the short 
code. 

7. The method of claim 8, wherein the step {b} multiplies 

one short: code selected from a set: of short codes thai: are 

20 coDUDonly allocated to all radio base stations and to be 

used in identifying mobile st:at:ions, and one long code 
selected from one or more long codes t:hat are uniquely 

allocat:ed l:o each radio base station and t:o be used in 
1den~1fy1ng each base station. 

25 

8. A transm1t:~er device for transmit:t:1ng signals from a 

radlo base station in a mobile communtcation system. the 

transmitter device comprising: 

a copying unit: conf1&1lred t:o copy each dal:a symbol of 

30 a dat:a symbol sequence to be transmitted and arrange copjed 

da"ta symbols on ·a frequency axis; 

a spreading unit configured to doubly spread the daca 

symbol sequence, to obtain a-spread data symbol sequence, 

by mult1ply1ng the eopied data symbols arranged on the 

35 frequency axis by spreading codes including a. short code 
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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 the iong code being a code having a 

repetition period longer than the number of copies made 

5 from one data symbol; and 
a transmitting unir configured to transmit the spread -­

data symbol sequence by using a plurality of sub-carriers. 

9. The transmitter device of claim 8, wherein the 

10 spreading unit multiplies 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 ~o each radio base 

15 station ~nd to be used in identifying each base starion. 

- 10. The transmitter dev.t,ce of claim 8, wherein the long 

code has a sequence lengt:h great:er than a number of the 
sub-carriers, and the spreading unit obtains a short code 

20 mult;1pl1ed dat:a symbol sequence to be transmitted 

slmult:aneously which has a sequence lengt:h equal to the 

nurnber of 'the sub-carriers by mul"tiplying the sho:rt: code, 
and then obtains "the spread da"ta symbol sequence by 

multiplying a plurality of short code multiplied data 
25 symbol sequences collect:ively by t:he long code. 

11. The transmitter device of claim 8, wherein the long 

code has a sequence length equal to a number of the sub­
carriers. and t:he spreading unit obtains a short code 

30 multiplied data symbol sequence to be transmitted 

simultaneously which has a sequence length equal to 'the 
number of t:he sub-carriers by mult1plying the short code, 
and then obtains t:he spread data symbol sequence by 

multiplying a plurality of short code multiplied data 

35 symbol sequences by the long code while sequentially 
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sh1ft1ng 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 a.n 1mmedlately 

previous shorl: code multiplied data symbol sequence by one 

5 or plural data symbol part in a frequency direction. 

12. A receiver device for receiving signals at a mobile 
sta'tion in a mobile communication system, the receiver 
device comp~is!ng: 

10 a receiving unit configured to receive a spread data 
symbol sequence transmitted from a radio base station by 

using a plurality of sub-carriers: and 

a despreading unit configured to doubly despread the 

spread data simbol sequence, to obtain a despiead data 
15 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 sl1orter than 'that of the long code. and comb1n1ng a 

number of spreading code multiplied data symbols -equal to 
20 the sequence leng~h of t:he.short: code. 

13. The receiver -device of claim 12, wherein the 

despreading unit multiplies one short code select:ed from a 
set: of short codes that: are commonly allocat:ed t:o al1 radio 

25 base sta'tions and to be used ln ident:ifying mobile 
st:at:ions. and one 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 statlon. 

30 14. A computer usable medium having computer readable 

program codes embodied therein for cau91ng a computer to 
funct:1on as a transmitter device for t:ransm1t't1ng signals 
from a radio base station in a mobile communicai:ion system. 
the computer readable program codes include: 

35 a first computer readable program code for causing 
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said computer-to copy each data symbol of a dat:a symbol 
sequence to be transmitted and arrange copied data symbols 
on a frequency axis; 

a second computer readable program code for causing 
5 said computer to doubly spread the data symbol sequence. to 

obt:a!n a sp:read data. symbol sequence. by multiplying 'the 
copied data symbols arranged on the frequency axis by 
spreading codes including a short code and a long code, the 
short code being a code having a repe~ition period equal to 

10 a number of copies made from one-data symbol. and the long 
code being a code having a repetition period longer than 
'the number of copies made from one dal:a symbol; and 

a t~ird computer readable program code for causing_ 
said computer to transmit 'the spread da~a symbol sequence 

15 by using-a plurality of sub-carriers. 

15. The computer usable medium of claim 14. wherein t:he 
second computer readable program code causes sa1d computer 

- t:o mul1:1ply one shor~ code selected from a set of short 
~o codes that: are colIIDlonly allocat:ed 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 radio base station and to be 
used in iden1:1fylng each base st:at!on. 

25 

16. The comput:er usable medium of clalm 14, wherein t:he 
long code has a sequence leng~h greater than a number of 
the sub-carriers, and the second computer readable program 
code causes s~id computer to obtain a short code mult:1pl1ed 

30 data symbol sequence to be transmil:ted stmult:aneausly which 
has a sequence length equal to i:he number of the sub-

· carriers by mult:!plying the short" code, and then obtain the 
spread data symbol sequence by multiplying a plurality of 
short code mul"t1Pl1ed data symbol sequence,s collectively by 

35 ~he long code. 
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17. The computer usable medium of claim 14. wherein the 

long code has a sequence length equal to a number of the 

sub~carriers, and the second computer readable program code 

5 causes said computer to obtain a short code multiplied data 

symbol sequence to be transmitted simultaneously which has 

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

by multiplying the short code, and then obtain the spread 

data symbol sequence by multiplying a plurality of short 

10 code multiplied data symbol sequences by the long code 

while sequen'tially shifting the long code to be mul't1pl1ed 

with each one of different short code multiplied data 

symbol sequences on a t!me axis from the long code 

multiplied with an immediately previous short· code 
15 multiplied data symbol sequence by one or plural da'ta 

symbol par"t in a frequency d1rect1or1. 

18. A computer usable medium having computer readable 

program codes embodied therein for causing a com.pater to 

20 function as a receiver device for receiving signals at a 

mobile station in a mobile communication system, the 
computer readable program codes include: 

a first computer readable program code for causing 
said computer to receive a spread data symbol $equence 

25 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 

sequence. to obtain a despread data symbol sequence. by 

30 multiplying the spread data symbol sequence by spreading 

codes !nclud!ng 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 the sequence leng~h 

35 of 'the short code. 
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19. The compu~er usable medium of claim 18, wherein the 
second computer readable program code for causing said 

computer to mulLiply one short code selected froru a set of 
5 shor't codes that are commonly allocat:ed 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 radio base station and to be 

used 1n 1dent1fy1ng each base station. 
10 
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