DESCRI PTI ON CODE GENERATI NG METHOD AND CODE SELECTI NG METHOD 5 Techni ca

Field The present invention relates to a nethod for generating a spreading

code ysed in

a CDVA (Code Division Miultiple Access) and a nethod for

sel ecting a spreading code having the small tinme dependence fromthe

generated 10

g@spsagor e preferably a nmethod for generating mighronisess i ng

ort hogonal codes of different spreading factors. Background Art 15
a CDVA system information signals are sptead using inherent spreadi-ng

codes assigned for all users,

B s B
HBERSERUCRBTRATGE

Bt BF |
AZ#IX, CDMA (Code Division Multiple A

ccess) BHBEETHVAEMESIOERS R, ERLIKBISOSH
B 5 RN S VIR S S RIRT B HE L CHL, &I, EERNRS
BESHBOER - BRICHT 5.

E RN

CDMA Y AF Ak, 2—YEBOEBRFSERVTHERERZEBITS®

OTHBDT. BEBFEITL> TA—VORHNTES, ZDkd. A—EE

K EICEROL—FOEBELETS I EANARERD. ARKOAHFAZ
5o eMNTES, CTOCDMAYAFATIR, BEBFENELICERZLTN
i, £1—-FOESHTOTHIIENED, BREREAFOT TR, EXF
BOKIZIOL—FENEL T, RELLORNEEERET BT EMNTES
e b 2 &

Fi. ZOCDMAYAFATH., RARSHLBERZETHHEFZTEZANT
BEUEEEE2ELT 288, S LAKBFSNRLZSo TN EERI.
EEOLENTRETHBD,. FREEORRS1—VOESERA—ARKL
L BELT 5T LATIRTH D, i, BEFEELTWa | s hFSEAL
i, BEENRE > THOEVWKHFESOERERS B/ed, TOLSERN
L2 D,

B 1k, 2—H# 1~# 7 OFHRET 2R BHBOBERFRTEMANT

tn



whi ch identify each one of them Thaflenables signals of a plurality of
users to be multiplied in the sanme frequency band, which results in a | arge
ef fici.ent use 20 of a frequency. In a CDVA system if spreadi ng codes
absolutely orthogonalize, no interference occurs between signals of each
user. That aly,g¥sndese Nunber of users corresponding to the mgiebrehss ~
ort hogonal codes to be accommodat ed under the ideal propagation condition;
25 which ensures no quality deterioration2in conmmunications And, in a CDVA
system in the case of nultlplylng spreading signals using spreadln
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2 different spreading factors, it is possible to nultiply user signals
having different rates in the sanme frequency band because the division of
signals is possible when different spreading codes are used. Especially,
usdi ng 5 Wl sh codes as a spreadi ng code makes such comruni cati on possible
because Wl shyeadegssavi ng different spreading factors are opéfae9nass.zed
to each other. FIG1 illustrates a case of transmtting I nformation-
signals fromuser #1 to user #7 using 10 3spreadi ng codes having, different
spreadi ng factors. User #1, #2 and #3 use a spreadi ng code of spreading
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8, user #4 and user #5 use a spreading code of spreading factor 16, and
user #6 and user #7 use spreading code of factor 32. Each nunber from1 -
to 7 i.n FIG1 15 respectively illustrates transm ssion signals of each of
user #1 to user #7. As illustrated in FIG 1, when a spreading factor of a

spr eadi ng cod@oﬁgﬁﬁ s a second, i.e. spreading factor 16 bepSfmn®764034 he-
time for one Synbo econes 20 shorter. That nmakes a synbol rate twice, -

which results in twice of information capdcity. However with respect to
other users, it is inpossible to transmt signals using a spreadi ng code of
spreadi ng facigigSapEdr@isg t wo- conbi ned spreadi ng code of spreading factor
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25 Because of it, the total information capacity that can be transmtted is
not inproved in the whole by making spreadi ng factor of a spreadi ng code
one second. 3 FIG2 illustrates exanples of Wal sh code. In this exanple,
a_length of spreading code is 16, which nmeans the presence of 16 codes

ofthogonalizggaggmﬁ%ph ot her. These codes are referred to Wpdaphdoss> ~
For instance, en 0000 is used as a spreadi ng code of spreading factor 4;

this spreadi ng code does not
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orthogonalizes with W4, W3, W2 and WL6. It means that a user in using this
spreadi ng factor 4 consunes four codes of spreading factor 16 for four
users.. On the other 10 hand, the transm ssion infornmation capacity
becones 4 times that of the case of using a spreading code of spreading
factor 16, whiye)vspog@dyi des no change to the total anount of . tpersewreassHn ~
information in the system Nanely, the total transm ssion information
capacity 15 (spreading factor x transm ssifon i nformation capacity) is
const ant when Wal sh codes are used even by conbi ni ng any spreadi nqg factors.
However, since thi.t irRHEERTSS € DM ALY Rrdolias i b2EMEE 2V ERERT Br nance
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20 del ayed waves. To prevent it, a method to use Wal sh codes with | ong
codes an others are tried, however in this case a problemin acquiring
synchr.oni zation is still remained. On the other hand, the tine dependence
of orthogonal 25 Gold code well known as an orthogonal code is smaller than
that of Wl skyg giccordingly, the deterioration rate in idcgupsidspssiance
caused by del ayed waves is 4 smal ler than that of Wal sh code. However, -
in orthogonal 1
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Gol d codes,
of different spreading factors necessarily orthogonali ze.
interference 5 between user signals occurs,

whil e those of the same spreading factor orthogonalize,
Because of it,
which results in deterioration

in quality and decreases of transm ssion capacity. And, in the case of

usi ng codes hao9gaodssr ge ti ne dependence,

by del ayed 10 waves becones |arge, which may bring deteri oration in
quality. The nore the transmission power 8s increased to conpensat e |t
nore interference to other users is increased. That results in

deterioration3,n 32y 2IKEIFE 2RSS GBS MR /b odiEEsal By Dik# e
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15 system Disclosure of Invention The present invention is carried out
taking into account the problens described above and has an object 20 to
provi de a nmethod for generating spreadi ng codes orthgonalizing, even in the
case of different spreading factor, and having |ow time dependence, and a

met hod for sekgséghpgheospreadi ng codes having snaller tine depepggpsadsson.
t he generated spreadi ng codes. 25 The object is achieved by a code -

generating method for conbining an orthogdhal code of a specific spreadlng
factor for COVMA and its polarity inverted orthogonal code
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5 to generate an orthogonal code having a | arger spreading factor than that
of the orthogonal code. And, the object is achieved by a code selecting
met hod conprising a step for conbining an orthogonal code 5 of a specific
spreading factor for CDVA and its polarity inverted orthogonal code to

génerate an QPbgﬁgﬁﬁﬁl code having a |l arger spreading factorpdgiporsdost of
t he orthogonal "Codeand a step for assigning the generated orthogonal code

for a user in using an orthogonal code 100 having a small er ‘spreadi ng
factor. '
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Brief Description of Drawings FIG1 is a diagramillustrating transm ssion
signals in the case where users having a plurality of 15 spreadi ng codes

of different spreading factors co-exist; FIG 2 illustrate exanples of Wl sh
code of spreading factor 16; FIG 3 is a block diagramillustrating a system

executing a Rpdbeenf the present invention; 20 . FI G 4 pcarpyimsossk —
diagramillustrating spreading code instructing section at a base station~

in the systemillustrated in FIG3; FIG8lis a diagramto explain a_
generatlng met hod of spreading codes in the present invention;
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25 FIG6 is a flow chart for assigning a code in the present

i nvention; and FIG 7(a) to FIG 7(b-1) are diagrans illustrating 6 a
correlation nethod used in code selection in the present invention. Best
Mbde for Carrying out the Invention 5 The present invention is
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| arge spreading factor is generated by conbi ning an orthogonal code of
smal | spreading factor and its 10 inverted pattern. That allows to
generate orthogonal codes orthogonali zi ng between each others w thout
decreasing the total transm ssion informati-on capacity even in the case of

usi ng codes o{yglighé@sent spreading factors. 15 And i n pppRARIBAL -

I nvention, the tinme dependence val ue of the generated orthogonal codes are
calcul ated to sel ect an orthogonal code o3l ow tine dependence val ue. That
allows to select an orthogonal code of |ow tine dependence value to obtain

a code having large resistance 20 gggafns® déiafgd wave.
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2EITHETNBEERTIIH/E. ERUEEHRFSR2HRBBONENDER
BEEERT 1IN oHD Y THIRELZRAET>/HEBIRE.
4. BEXFSZ2E DY THIA—FIMETIHMEOHRZFENRBNTNENE
SHEMRBITEE, HRMEOERRSIND N TR EI S 8
T IRE L RMT SMROMES 3 HCEROHZRRHSE,
5. BREDHLBEEZETSCDODMARIOERFRE, ZOHERXHSZ2EERE
IELEERABLEZEAEDEZ T EICLD. BRI D b AENEEE
EETHIERHELERTZIEE, ERLAERFSOREEEEZENT
BIRE, Bl 2iEER M NS VERFSERNT TR AR TS
RFERIRFE.
6. RFREFEBREA/NE WHERFSH SEICEBRONENWERFRZERT S
I—-HIZE D Y THEROWHAS 5 HICEBOR B5BIRF &
7. BEOHBEREE TS CDMAROERFERUZ OERHE2EERKE
IUEEXFFERBRDEATLITLD, FRBEBRL D bAZVEHEEE
FTHHXRBEERTHINBERFERE, CORBERFRICKDERSO
EEHRFESEZAWTT -9 28T SR BFR 2R E T EMBEE,
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And, by assigning an orthogonal code having | ow tine dependence val ue
selected in the above nethod for a user using a spreading code having a

| ower . spreadi ng factor which is weak agai nst a del ayed .wave, it nakes
possible 25 to inprove transmnission quality and increase the transm ssion
amount in t heyybglegsesyst em Next, the enbodi ment of the preseqfypé ANl QD
S 7 expl al ned. (Enbodi nent 1) -

14
8. ZIERO2—PREMT S ERK S EET 5 BETE Y BT 38R0
HEESE 7 HI RO EHRRE,
9. AR LEERHELIHEDNSOELHSLEAT 32— FhbE D Y
THEY Y TEERE BT S HROMES 7 HICRROLHHEE,
10. AR UIESESOMBIEY R D 5 MEEEHERL ST 5 HROM
BB 7 RiCRRROEHRBER,
11, HBMEONSVWERRER R RERO/ N SVERESEEAT 2 — P
HEY YT HE D Y TFEYAHT SHROMELE 1 0 FcRROLHBIEE
1 2. FROMEAE 7 EH, LEROMAES 1 1 HOVTRAIZRRO EHFE
B L B(E 21T 5 BRRLE,
13. #ROMES 7 HE» LWROWHES 1 1 HOVT s iBROEHFDE
BL, ZOLMBEELBELTOBHRERL L ARTEEL AT A,

‘AR O R



In the enbodi nent 1, a method for generating spreadi ng codes (orthogonal
codes) orthgonalizing 5 between each others even in the case of using codes
of different factors in a CDVA systemis explained. FIG 3 is a schematic

bl eck diagramillustrating the CDVA used in inplenenting the code
generating ne code selecting nethod of the present i | In_
the 10 syste?ﬁggmﬁransnitting si de conprises spreading sectﬁ%ﬁﬁ%bﬁggsbode-
spreadi ng transm ssion data, spreading code instructing section 2 for
obt ai ning a spreadi ng code used in spreading the transm ssion data at
spreadi ng section 1, |ong code spreadLﬂ% section 3 for scranbling the 15
spread data further with a | ong code, Gulating section
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4 for nodulating the data spread with a I ong code and transmtting antenna
5 for transmtting the nodul ated signals. And in the system a receiving
side conprises 20 receiving antenna 6 for receiving transmtted signals,
detecting section 7 for detecting received signals, |ong code despreadi ng
section 8 fo%wﬁﬁkﬁ@ﬁing the scranble of the detected.data wgdypelgapss. code,
despreadi ng section 9 for despreading the despread data further wwth 25 a
spreadi ng code and spreadi ng code instru2f@g section 10 for prOV|d|ng a
spreadlng code used in despreading into despreading section 9.

2
w1 0110100110010110
w2 1100001100111100
w3 1010010101011010
w4 0000111111110000
W5 1001100101100110
W6 0011001111001100
w7 1010101001010101
ws 1111111100000000
wo 1001011010010110

w10 0011110000111100
W11 0101101001011010
wi2 1111000011110000
w13 0110011001100110
wi4 1100110011001100
W15 0101010101010101
w16 0000000000000000



8 In communication between a base station and a nobile station, a spreading
code instructing section at a base station conprises, as illustrated in
FIG 4, code nenory 11 for storing a plurality of spreadi ng .codes, user 5
adm ni stering section 12 for adm nistering spreading codes used in
comuni cat i Onw\dhheede Pase station separately for each user, fpofsdsy atL ng
section 13 for con%lnlng spreadi ng- codes of small spreadlng actors to -
generate a spreadi ng code of |arge spread&ggafactor, 10 correl ation val ue
cal cul ating section 14 for executing '
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auto-correl ati on of generated spreadi ng codes taking into account tine
shifts to calculate auto-correlation values, code selecting section 15 for
sel ectiing on the basis of the correlation value, code arrangi ng section 15
16 for changing a user used spreading code and arrange it, and code

assi gni ng seﬁg' for assigning a spreading code gener at g Pipofigabfct ed
for a user. 9?&” erations in the CDVA system having the constitution -

descri bed above are expl ai ned. First, 20 transm ssion data is spread at
spreading section 1 with a spreading code jnstructed by spreadi ng code
I Mstructing section 2. Further, 44 spread transm ssion data

Is scranbled with a I ong code (LC) at
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| ong code spreading section 3. Then, the spread data in 25 this way is
provi ded into nodul ating section 4 to be nodul ated by nodul ati on net hod
such as BPSK.(Bi nary Phase Shift Keying) and others. The nodul ated signals

are-” 9 radiated fromtransmtting antenna 5. The transmitted signals are
received at rgaebyd antenna 6. The received signals argcflfoffloss -at
detecting sectiron 7, released scranble at |ong code 5 despreading section

8-and further despread with-a
5/6

E6

7
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spreadi ng code instructed by code instructing section 10 to obtain
reception data. Next, operations of spreading code instructing section 2
and 1Q are expl ained. The case where spreading 10 code instructing section
2. is at a base station and spreading code instructing section 10 is at a
nobil e stati | pl ai ned. And orthogonal code of .spreadi Jpofdatds. 8 ~
woul d be use ggbgﬁgése ort hogonal code. In the case of sprggg?ng fg%?or 8,
et ght orthogonal codes 15 orthogonalizipg bet ween each ot hers exist, and
these eight codes are referred as spreddrng code from(8.1) to (8.8). These
spreading codes from(8.1) to (8.8) are stored
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in code memory 11 at spreading code instructing section 20 2. And user
adm ni stering section 12. adm nistrates about which user uses which code.
Code generating section 13 comnbines sprtadi ng codes from (8.1) to (8.8)
stored in code nenory 11 and their polarity inverted spreadi ng codes to
generate spreading code of larger 25 spreading factor, for instance
spreading factor 16 and 32. At this tinme, obtained spreadi ng codes are

referred to the using spreading codes in user_ adm nistering 10
DESCRIPTION

CODE GENERATING METHOD AND CODE SELECTING METHOD

5 Technical Field
The present invention relates to a method for
generating a spreading code used in a CbMA (Code Division
Multiple Access) and a method for selecting a spreading
code having the small time dependence from the generated
10 codes, more preferably a method for generating and
selecting orthogonal codes of different spreéding

factors.

'Backgroﬁnd Art
15 . In a CDMA system, information signals are spread
| using inherent spreading codes assigned for all users,
which identify.each one of them. That enables signals
-of a plurality of users to be multiplied in the same
frequency band) which resuits in a large efficient use
20 qf a frequency. In a CDMA system, if spreading codes
absolutely orthogonaliée, no interference occurs
between signals 6f each user. That allows the number
of users corresponding to the number of orthogonal codes
hobeaccommodatedundertheidealpropagationcondition,
25 which ensures no quality deterioration_in communications
And, in a CDMA system, in the case of multiplying

spreading signals using spreading codes having



section 12, then in the case where spreading codes in using are contained
in the conbination, those can not be used. The spr eadi ng- codes gener at ed
in this way orthogonalize with all spre&ding codes of spreading 5 factor
8. A nethod to generate the spreadi ng codes described above is as follows.
Axspreadi ng code obtained by repeating spreading code (8.1) twice is
referred to spreading code (16.1). A spreading code obtained by io
-connecting spreading code (8.1) and its inverted spreading code .i S
referred t8iffexentigsrsgadimg factpese dif dtiRRSSoBdE &mﬂl‘gﬁa %’16. 2)

have the correlation with spreadi ng code (8.1) and.qQrthogon
user signals hav:l.)ng difgerent g:at s in t%e sagnoe %roezqeuency

band because the division of signals is possible when

different spreading codes are used. Especially, using

5 Walsh codes as a spreading code makes such communiéation

possible because Walsh codes having diffefent spreading
factors are orthogonalized to each other.

FIG.1 illustrates a case of transmitting

information signals from user #1 to user #7 using

10 spreading codes having. different spreading factors.

User #1, #2 and #3 use a spreading code of spreading factor

8, user #4 and user #5 use a spreading code of spreading

factor 16, and user #6 and user #7 use spreading code

of factor 32. Each number from 1 to 7 in FIG.1

15 respectively illustrates transmission signals of each

of user #1 to user #7.

- As illustrated in FIG.l1l, when a spreading factor
of_a spreading code becomes a second, i.e. spreading
factor 16 becomes 8, the time for one s&mbol becomes

20 shorter. That makes_a symbol rate twice, which results
in twice of information capacity. Howevei'with.respect
to other users, it is impossible to transmit signals
using a spreading code of spreading factor 8 and its
two-combined spreading code of spreading factor 16.

25 Because of it, the total information capacity that can
be transmitted is not improved in the whole by making

spreading factor of a spreading code one second.



with from(8.2) to (8.8). And the correlation value of 15 the forner 8 bits
- of spreading codes (16.1) and (16.2) is 1, and the correl ation value of the
tatter 8 bits of themis -1. It brings Bhat the correl ation value of 16
bits of themis 0, which neans they are orthogonalized. The above
generating nmethod allows to generate spreading 20 codes (16.1) and (16.2)
However, since spreading codes (16.1) and (16.2) are generated using
spreading code (8.1), in the case where a_user having a sgreading ode of
spreadi ng fact or FEGis2sllgstrateswfanplieafy of ¥al3hicRdeode L tg‘r]Tseadi ng

factor 16 can not use this 25 spreading._code. In the nme [
above, Sprgggmglg@dgslength o% spregding code is i%, $ﬁ?§ﬁsmggﬁglbed

the presence of 16 codes orthogonalized to each other.'
These codes are referred to W1l to Wl6.

5 For instance, when 0000 is used as a spreading code
of spreading factor 4, this spreading code does not
orthogonalizes with W4, W8, W12 and W16. It means that
a user in using this spreading factor 4 consumes four
codes of spreading factor 16 for four users. On the other

10 hand, the transmission information capacity becomes 4
times that of the case of using a_spreading code of
spreading factor 16, which provides no change to the
total amount of transmission information in the system.
Namely. the total transmission information capacity

15 (spreading factor x transmission information capacity)
is constant when Walsh codes are used even by combihing

| any spreading factors. |
However, since the time dependénce of Walsh code
is large, its performance deteriorates.drastically by

20 delayed waves. To prevent it, amethod to use Walsh codes
wit_h long codes an othei:'s are tried, howew'rer in this case
a pfoblem in acquiring synchronization 1is _still
remained.

On the other hand, the time dependence of orthogonal

25 Gold code well known as an orthogonal code is smaller .
than that of Walsh code. Accordin.gly, the deter_ioration

-rate in its performance caused by delayed waves is
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from(16.3) to (16.6) are generated using spreadi ng codes from(8.2) to
(8.8) and their polarity inverted spreading codes. And, spreading codes
havi ng spreading factor 32 are generated using spreading codes from (16.1)
to (16.16) in the same way as described above. In this case, 5 since
spreadi ng codes from (32. 1) to (32.4) are generated using spreadi ng code
(8.1) of spreading factor 8, they can not be used in the case where a user
havi ng a spreadi ng code of spreading factor 8 uses (8.1). On the other
hand, sprestiaileodchansthast pEiadsh grde. However, in orthogona

Gold codes, while those of the same spreading factor

orthogonalize, those of different spreading factors

necessarily orthogonalize. Because of it, interference

5 between ‘user signals occurs, which results in

deterioration in quality and decreases of transmission
capacity. |

And, in the case of using codes having large time

dependence, interference between codes caused by delayed

10 waves becomes large, which may bring deterioration in

guality. The more the transmission power is increased

to compensate it, the more interference to other users

is increased. That results in deterioration in quality

and increases of transmisSion cdapacity in the whole

15 system.

Disclosure of Invention
The present inventiop is carried out taking into
account the problems described above and has an object
20. to provide a method for generating spreading codes
orthgonalizing, even in the case of different spreading
factor, and having low time dependence, and a method for
selectingspreadingcodeshavingsmallertimedependence
from the generated spreading codes. | | -
25 The object is achieved by a code generating method
for combininé an orthogonal code of a specific spreading

factor for CDMA and its polarity inverted orthogonal code
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- 10 10 at a nobile station maintains a spreading code transmtted froma
base station and outputs this spreading code to despreadi ng section 9.

Next, a nmethod for assigning spreadi ng Bodes generated as descri bed above

for users is explained.

15 Spreadi ng codes generated at code generating

section 13 are transmtted into code assigning section 17 to assign for

I nstance, in the case where users fromA to G uses spreading
codes of spreading factor 8, 16, 16, 20 _16, 32, 32, 32 respectively,
(8.1) is atQigppgradie @rrnthagpgad sadadiavirede Rrges spHqading

spreadi ng éactor (8.

users.

10

15

20

25

For

actor than that of the orthogonal code.

And, the object is achieved by a code selecting
method comprising a step for combining an orthogonal code
of a specific spreading factor for CDMA and its polarity
inverted orthogonal code to generate an orthogonal code
having a larger spreading factor than that of the
orthogonal code and a step for assigning the generated
orthogonal code for a user in using an orthogonal code

having a smaller spreading factor.

Brief Description of Drawings

FIG.1 1is a diagram illustrating transmission

signals in the case where users having a plurality of

spreading codes of different spreading factors co-exist;
FIG.2 illustrate examples of Walsh code of
spreading factor 16;
FIG.3 is a block diagram illustrating a system
executing a method of the present invention:

FIG.4 is a block diagram illustrating spreading

- code instructing section at a base station in the system

illustrated in FIG.3;

code

"FIG.5 is a diagram to explain a generating method

of spreading codes in the present invention;
FIG.6 is a flow chart for assigning a code in the
present invention; and

FIG.7(a) to FIG.7(b-1) are diagrams illustrating
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A spreading code of the second smallest spreading factor 16 is assigned
B using. In this case, 25 since user A already uses spreading

for user
tode (8
avail abl e
spreadi ng
spr eadi ng
spr eadi ng
5
10
15
20
25

1),
as

a spreadi ng code generatefl using spreading code (8.1) is not
a spreading code for wuser B 12 Accordingly,

code (8.2)+(8.2) is available for user B. And for user C.
code (8.2)+(8.2) is available to assign. For user D, since a

code generated from _
a correlation method used in code selection in the

present invention.

Best Mode for Carrying out the Invention

The present invention is explained in detail with

reference to attached drawings in the following.

In the present invention, an orthogonal code having

large spreading factor is generated by combining an

orthogonal code of small spreading factor and its

inverted pattern. That allows to generate 6rthogona1

codes orthogonalizing between each others without

decreasing the total transmission information capacity

even in the case of using codes of different spreading

factors.

And in the present invention, the time dependence

value of the generated orthogonal codes are calculated

to select an orthogonal code of 1low time dependence value.

That allqws to select an orthogonal code of low time

dependence value to obtain a code having large resistance

against delayed wave.

And, by assigning an orthogonal code having low time

dependence value selected in'the above method for a user

using a spreading code having a lower spreading factor

which is weak against a delayed wave, it makes possible

to

improve transmission quality and increase the

transmission amount in the whole system.

Next, the embodiment of the present invention is



5 (8.1) and (8.2) is already used, spreading code (8.3)+(8.3) is
assi gned. For user E, since a spreading code generated from spreadi ng code
8. 3) +(8. 3) is not avail able but spread?ng code (8.3)+(8.3)+(8.3)+(8.3) is
available, it is assigned. Further, according to the 10 Ilimtation

déscri bed above, spreadi ng code (8.3)+(8.3)+(8.3)+(8.3) is
assigned for user F and spreadi.ng code (8.3)+(8.3)+(8.3)+(8.3) is assigned
for user G As described above, in the case of assigning spreadi ng codes
for users,®¥Pledd®@-codes are assigned 15 for user in order of users
havi ng a sgre ding code_qf smaller spreading factor. In the case where
spreadi ng £B#9& nEndpreading

In the embodiment ‘1, a method for generating
spreading codes (orthogonal codes) orthgonalizipg
5 between each others even in the case of using codes of
different factors in a CDMA system is explained.
FIG.3 is a schematic block diagram illustrating the
CDMA used in implementing the code generating method and
code selecting method of the present invention. In the
10 system, a transmitting side comprises spreading section
1 for code spreading transmission data, spreading code
instructing section 2 for obtaining a spreading code used
in spreading the transmission data at spreading section
1, long code spreadihg section 3 for scrambling the
15 spread data further with a long code, modulating section
4 for modulating the data spread with a long code and
transmitting antenna 5 for traﬁémitting the modﬁlated
signals.
And in the éystem, a receiving side comprises
éo receiving antenna 6 for receiving transmitted signals,
detectingsection'}fdrdetectingreceivedsignals,1ong
code despreading section 8 for releasing the scramble
of the detected data with a long code, despreading
section 9 for despréading the despread data further with
25 a spreading code and spreading code instructing section
10 for providing a spreading code used in despreading

into despreading section 9.



codes of |l arge spreading factor are used irregularly, for instance, in the
case where spreading codes (32.1), 20 (32.5), (32.9), (32.13), (32.17),
{32.21), (32.25) and (32.29) are used, 8hese spreading codes are arranged
to (32.1) to (32.8) that can be generated from spreadi ng code (8.1). And
t he arranged spreadi ng codes are assigned for users in order of users
havi ng a spreadi ng 25 code of smaller spreading factor described above.

Nanel y, spreadi ng codes are arran%gd at code arranging section 16 on the
basi s of informIhgeangmigation between a base sftation and amobile

station, a spreading code instructing section at a base
station comprises, as illustrated in FIG.4, code memory
11 for stofing a plurality of spreading codes, user
5 administering section 12 for administering spreading
codes used in communication with a base station
separately for each user, code generating section 13 for
combining spreading codes of small spreading factors to
generate a spreading code of large spreading factor,
10 correlation value calculating section 14 for executing
- auto-correlation of generated spreading codes taking
into account time shifts to calcﬁlate auto-correlation
values, codé selecting section 15 for selecting on the
basis of the'correlation value, code'arranging section
15 16 for changing a user used spreading code and arrange
it, and code assigning section 17 for assigning a
spreading code generated or selected for a user.
Next, operations in the CDMA system having the
constitution described above are explainéd._ First,
20 transmission data is spread at spreading section 1 with
a spreading code instructed Dby _spreéding code
instructing section 2. Further, the spread
transmission data is scrambled with a long code (LC) at
long code spreading section 3. Then, the spread data in
25 this way is provided into modulating section 4 to be
modulated by modulation method such as BPSK (Binary Phase

Shift Keying) and others. The modulated signals are



13 administering section 12. Next, code assigning section 17 assigns a
spreadi ng code for a user on the basis of information from code arrangi ng
section 16. The assi ghnnent of the sprelding codes are executed 5 according
to the flow chart illustrated in FIG6. First, when a call occurs (SI), it

i s exam ned whether a spreading code of desirable spreading factor is
available, i.e. all of spreading codes of desirable spreading factor are
not used (S2). When all of 10 spreading codes of desirable spreading
factor areradddteddEézom ctnansmjcit brdcARLeRRANGi-ng section 16 (S3).

Further it is exam ned again whether a spreadi ng codes
The transmitted signals are received at receiving

antenna 6. The received signals are detected at
detecting section 7, released scramble at 1long code
5 despreading section 8 and further despread with a
spreading code instructed by code instructing section'
10 to obtain reception data.
Next, operations of spreading code instructing
section 2 and 10 are explained. The case where spreading
10 code instructing section 2 is at a base station and
spreading code instructing section 10 is at a mobile
station, is explained. And orthogonal code of spreading
factor 8 would be_used as a base orthogonal code. In the
"case of spreading.factbr 8, eight orthogonal codes
15 6rthogonalizing between. each others exist, and these
éight codes are referred as spreading code from (8.1)
to (8.8). |
These spreading codes from (8.1) to (8.8) are stored
in code memory 11 at spreading code insfructing section
20 2. And user administering section_lz.administrates
about which user uses which code. éode generating
section 13 combines spreading codes from (8.1) to (8.8)
stored in code memory 11 and their polarity inverted
spreading codes to generate spreading code of larger
25 spreading factor, for instance spreading factor 16 and
32. At this time, obtained spreading codes are referred

to the using spreading codes in user administering



of desirable spreading factor is available, i.e. all of spreading codes of

On

desirabl e spreading factor are not 15 wused.(S4). Wien all of spreading
codes of desirable spreading factor ardOsed, the call is refused (S5).
the other hand, w thout any relation to whether spreading codes are

arranged or not, when a spreading code of desirable spreading factor is

avai |l abl e,

an avail able 20 spreading code is assigned for a user (S6).

The

ti me dependence of the code generated as described above and assigned for
users i s ssakitdron hta,t kkterf inatdie waiee. wheret spreadingd aases in

or t hogonal
allows to

10

15

20

25

oze between any spreadi ng codes of spreading factor 2n. That
usingriare ncontained Anarkheospmbirakion yskpose can not

be used. The spreading codes generated in this way

orthogonalize with all spreading codes of spreading

factor 8.

A method to generate the spreading codes deséribed
above is as follows. A spreading code obtained by
repeating spreading céde (8.1) twice is referred to
spreading code (16.1). A spreading code obtained by

connecting spreading code (8.1) and 1its inverted

spreadingcode(8.1)isreferredtx)spreadingcode(16.2).
These spreading codes (16.1) and (16.2) have the
correlation with spreading code (8.1) and orthogonaloze
with from (8;2) to (8.8). And the correlatioh value of
the former 8 bits of spreading codes (16.1) and (16.2)
is 1, and the correlation value of the latter 8 bits of
them is -1. It brings fhat the correlatioﬁ value of 16
bits of-them is 0, which means they are orthogonalized.
The above generating method allows to generate spreading
codes (16.1) and (16.2). However, since spreading codes
(16.1) and (16.2) are generated using spreading'code
(8.1), in the case where a user having a spreading code
of spreading factor 8 uses (8.1), a user having a
spreading code of spreading factor 16 can not use this
spreading code.

In the same way as described above, spreading codes

from (16.3) to (16.6) are generated using spreading codes

25
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signals with spreading codes of different spreadLng factors within the
total transmssion information . 14 capacity. (Enmbodinent 2) In the

enbodi nent 2, a nmethod to select a sprddding code having |low tine
dependence fromthe spreading codes 5 generated according to the nethod of
enbodi ment 1 is explained. - Accordingly, the generation nethod, to
generate a spreadi ng code having | arger spreading factor

from (8.2) to (8.8) and their polarity inverted spreading
codes. And, spreading codes having spreading factor 32

are generated using spreading codes from (16.1) to
(16.16) in the same way as described above. 1In this case,

5 sincespreadingcodesfrom(32.1)to(32.4)aregenerated

using spreading code (8.1) of spreading factor 8, they
can not be used in the case where a user having a spreading
code of spreading factor 8-uses (8.1).
On the other hand, spreading code instructing section
10 10 at a mobile station maintains a spreading code
transmitted from a base station and outputs this
spreading code to despreading section 9.
Next, a method for assigning spreading codes
generated as describéd.above for users is eXplained.
15 Spreading codes Qenerated at code generating section 13
are fransmitted.into code assigning'section 17 to assign
for users.
For instance, in the case where users from A to
G uses spreading codes of spreading factor 8, 16, 16,
20 16, 32, 32, 32 respectively, code (8.1) is assigned for
user A using a spreading code of the smallest spreading
factor (8).
A spreading code of the second smallest spreading
factor 16 is assigned for user B using. In this case,
25 since user A already uses spreading code (8.1), a
spreading code generated-uéing spréading code (8.1) is

not available as a spreading code for user B.



by conbi ni ng spreadi ng codes having a specific spreading factor, is the
sane as that of enbodinment 1. 10 In this way, a spreading code
generated at code generating section 133 |lustrated in FIG4 is transnmitted
into correlation value calculating section 14 to obtain the
-auto-correlation value, a spreading code is selected at code sel ecting
section 15 on the basis 15 of the correlation value, then the selected
spreadi ng code is assigned for a user at code-assigning section_17.

Concr et el yAcaoidinglyat epriepdimgcodfel §ud-+ (&)fgélla? rrbhphd HEoX

spreading code is calculated 20 taking intgo_account t tinme, di §
For instanuser B. And for user C. s%reading-co e Pg.2)+(g.gsef¥me'

available to aSsign.
For user D, since a spreading code generated from

5 (8.1) and (8.2) is already used, spreading code

(8.3)+(8.3) is assigned. For user E, since a spreading

code generated from spreading code (8.3)+(8.3) is not

‘available but spreading code (8.3)+(8.3)+(8.3)+(8.3) is
available, it is assigned. Further, according to the
10 limitation described above, spreading code

(8.3)+(8.3)+(8.3)+(8.3) is assigned for user F and

spreading code (8.3)+(8.3)+(8.3)+(8.3) is assigned_for

usér G. As described above, in the case of assigning

spreading codes for users, spreading codes are.assigned

15 for user in order of users having a spreading code of
smaller spreading factor.

In the case where spreading codes. used in spreading

‘codes of large spreading factor are used irregularly,

for instance, in the cése where spreading codes (32.1),

20 (32.5), (32.9),'(32.13),'(32.17i, (32.21), (32.25) and

(32.29) are used, thesé spreading codes are arranged to

(32.1) to (32.8) that can be generated from spreading

code (8.1). And the arrangéd spreading codes are

assigned for users in order of users having a spreading

25 code of smaller spreading factor described above.

Namely, spréading codes are arranged_at codé arranging

section 16 on the basis of information £from ‘user
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in the case where the tine difference t' is 0, auto correlatfon.result 101
S obtaiped by cal culating an accunul ation of bits at the same position of
a spreading code as illustrated in FIGI&a). 25 And, in the case of
where the tine difference 'r is 2, the auto-correlation value is calcul ated
by corresponding fromthe first bit to the eighth bit in 15 a spreading
code respectively to fromthe third bit to the second bit in the sane
spreadi ng code shifted
' administering section 12. Next, code assigning section
17 assigns a spreading code for a user on the basis of
information from code ar:anging section 16.
The assighnment of the spreading codes are executed
5 acdording to the-flow chart illustrated in FIG.6. First,
when a call occurs (S1), it is examined whether a
spreading code of desirable spreading factor 1is
available, i.e. all of spreading codés of desirable
spreading factor are not used (S2). When all of
10 spreading codes of desirable spreading factor are used,

- codes are arranged at code arranging section 16 (S3).
Further it is examined égain whether a spreading codes
of'desirable spreading factor is available, i.e. all of
spreading codes of desirable spreading factor'are not

15 used.(S4). When all of spreading codes of desirable
spreading factor are used, tﬁe call is refused (S5). On
the other hand, without any relation to whether spreading
codes are arranged or not, when a spreading code of
desirable spreadiné factor is available, an available

'20 spreading code is assigned for a user (s6).

The time dependence of the code generated as
described above and assigned for users is smaller then
that of Walsh codes. And it is ensured to orthogonaloze
between any spreading cédes of spreading factor 2°. That

25 allows to transmit information in any combination of user

signals with spreading codes of different spreading

factors within the total transmission information



according to tinme difference 2. At this tine, in the case where
nei ghbori ng synbols in spread data are the sanme, 5 the first bit and the
second bit in a spreading code shifted lcording to tine difféerence are
respectively the same as the first bit and the second bit in the original
spreading code (correlation result 102) as illustrated in FIG 7(b-1). On
the other hand, in the 10 case where neighboring synmbols in spread data
are different, the first bit and the second bit in a spreading code shifted
accordi ng tapdcoktyifference are respectively the polarity inverted first
bit and second bit in the original spreading code (correlation result 15
103) as il (Bxmbaedinlent )G 7(b-2). '
In the embodiment 2, a method to select a spreading

code having low time dependence from the spreading codes

5 generated according to the method of embodiment 1 is
explained. Accordingly, the generation method, to
generate a spreading code having lan:ger spreading factor
by combining spreading codes having a specific spreading
factor, is the same as that of embodiment 1.

10 In this way., a spreading code generated at code
generating section 13 illustrated in FIG.4 is
transmitted into correlation value calculating section
14 to obtain the auto-correlation value, a spreading code
is selected at code selecting section 15 on the basis

‘15 of the correlation value, then the selected spreading
code is assigned for a user at code assigning section
17.

Concretely, as illustrated in FIG.7, the auto-
correlation value of a spreading code is calculated

20 taking into account the time difference. For instance,
in the case where the time difference T 1is 0, auto
correlation result 101 is obtained by calculating an
accumulation of bits at the same position of a spreading
code as illustrated in FIG.7(a).

25 And, in the case of where the time difference 7 is

2, the auto-correlation value is calculated bY

corresponding from the first bit to the eighth bit in



Si nce nei ghboring synbols are irregular, the auto correlation values of al
patterns are cal culated, taking into account as many as possible patterns,
then the maxi mum value in an absolute U&l ue is refereed to 20 the maxi mum

correlation value of the code. 1In addition, in the enbodinment, since a
modul ation nethod is supposed BPSK, the case of neighboring symbols are
two, i.e. the case illustrated in FIG 7(b-1) and the case illustrated in

FIG 7(b-2) are considered. In addition, in the case 25 of applying other

modul at i ona nepheddingecodeereadpacitdmeky njosfaem stheytBdneoRithER two.
As descri bed above, the auto correlation is
the second bit in the same spreading code shifted

according to tiﬁle difference 2. At this time, in the case
where neighboring symbols in spread data are the same,
5 the first bit and the second bit in a spreading code
shifted according to time difference are respectively
the same as the first bit and the second bit in the
original spreading code (correlation result 102) as
illustrated in FIG.7(b-1). On the other hand, in the
10 case where neighboring symﬁols in spread data are
different, the first bit and the second bit in a spreading
code shifted according to time difference are
respectivély the polarity inverted first bit and second
bit in the driginalISPreading code (correlation result
15 103) as illustrated in FIG.7(b-2). |
| Since neighboring éymbols are irregular, the auto
correlation wvalues of all patterns are calculafed.
taking into account as many as possible patterns, then
the maximum value in an absolute value is refereed tﬁ
20 the maximum correlation value of the code. 1In addition,
in the embodiment, since a modulation method is suppose-d
BPSK, the case of.neighboring symbols are two, i.e. the
case illustrated in FIG.7(b-1) and the case illustrated
in FIG.7(b-2) are considered. 1In addition, in the case
25 of applying other.modulafion method, the cases of
neighboring symbols may be more than two.

As described above, the auto correlation 1is
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16 exénined until tinme difference 1~ (spreading factor-1). Next, a
spreadi ng code having the smallest maxi mum correlation.val ue anong al
todes is assigned for a user in using dépreading code of the snall est

spreading 5 factor. Because, in the case of a small spreading factor, since
spreading gain is small, the effectiveness of cancellation for interference
bet ween code signals generated by del ayed waves is snall. To keep the 10

transm ssion quality, the transm ssion power is

10

15 .

20

.25

examined until time difference 1~ (spreading factor-1).
Next, a spreading code having the smallest maximum
correlation value among all codes is assigned for a user
in using a spreading code of the smallest spreading
factor.

Because, in the case of a small spreading factor,
since spreading gain is small, the effectiveness of
cancellation for interference between code signals
generated by delayed waves is small. To keep the
transmission quality, the transmission power is
increased in a conventional method. However, increases
of the tranSmiSSion power of a specific user results in
increases of interference against other users and
decreases in quality, in the whole 'sjstem,.'which
decreases the transmission capacity. To prevent such
problem, in the present invention, a spreading code of
small time dependence is primarily assigned for.a user
having a small spreading factor.

As deseribed above, by calculating the time
dependence of a spreading code generated an@ assigning
a spreading code basis of the results, the quality of
data transmission of a usér, who uses spreading code of
small spreading factor that is most affected by
interference between code signals, is improved. That
allows to decrease the.transmission power of the user
énd interference against other users, which results ih

the improvement of the quality and the increases of
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i ncreased in a conventional nethod. However, increases of the transm ssion
power of a specific user results in increases of interference against other
users and decreases in quality, in thel#ole system which 15 decreases the
transm ssion capacity. To prevent such problem in the present invention, a
spreadi ng code of small tinme dependence is primarily assigned for a user
having a small spreading factor. As described above, by calculating the
time 20 dependence of a spreadi ng code generated and assigning a spreading
code basi stvanshd seitaht capaeigyalin ytbe ®heler s¥stiemi on of a user, who

uses spreading code of snmall spreading factor that is nost affected by
. In the embodiments 1 and 2 described above, the case

is explained that spreading codes of larger spreading
factor are generated by'cdmbining spreading codes, and

5 if some of the generated spreading codes are already used,
they'afe not use. However, in the present invention, it
may be possible to pre-recognize already used spreading
codes, exclude them and generate spreading codes of
larger spreading'factor using other spreading codes.

10 In the embodiments 1 and 2 described above, as a
spreading code sequence, orthogonal Gold code sequence
and other code sequence may be applied. And, in the
embodiments 1 and 2 described above, the case is
explained that BPSK is applied as a modulation method,

15 however, the present invention is applied in other
modulation methods.

And, in the embodiment 1 and 2 described above, the
case is explained that a long code is applied for data,
.however, the preseﬁt invention has the same effect in

20 the case where a long code is not applied.
As described above, in the spreading code
- generating method of the present invention, it 1is
possible to generéte orthogonal codes of different
spreading factors having_ small time dependence. The use
25 of the generated'spreading codes allows to multiple user
signals of different spreadiﬁg factors without decreases

of the total transmission information capacity.



i nterference between code si gnal s, is I nproved. That 25 allows to decrease
the transm ssion power of the user and interference against other

users,

which results in the inprovenent of thd8quality and the increases of

transm ssion capacity in the whole system In the enbodinents 1 and 2
descri bed above, the case is explained that spreading codes of |arger
spreadi ng factor are generated by conbi ni ng spreading codes, and 5 if sone
of the generated spreadi ng codes are already used,

10

And, by applying the selecting method of spreading
codes in the present invention, the deterioration in the
quality caused by delayed wdves are decreased, which
allows to improve the gquality and increase the

transmission capacity in the whole system.

Industrial Applicability

‘The code generating method and code selecting
method in the present invention are usefﬁl in data
communication field using radio communication devices

such as portable telephone and others.

17
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they are not use. However, in the present invention, it may be possible to
pre-recogni ze al ready used spreadi ng codes, exclude them and generate
spreadi ng codes of |arger spreading fadiSor using other spreading codes. 10
In the enbodi nents 1 and 2 descri bed above, as a spreadi ng code sequence,
of t hogonal Cold code sequence and other code sequence may be applied. And,
in the embodinents 1 and 2 described above, the case is explained that BPSK
is applied as a nodul ation nmethod, 15 however, the present invention is
applied in other nodul ation nmethods. CAadms$n the enbodinment 1 and 2
descri bed above, the case is explained that a |ong code is applied for
dat a, 1. A code generating method for combining an
orthogonal code for CDMA having a specific spreading
factor and its polarity inverted spreading code to
5 generate another spreading code having a larger
spreading factor than that of said spreading code.
2. A code generating method according to claim
1, wherein in the case where an orthogonal code having
a certain spreading factor is used, another spreading
10 code having a larger spreading factor than that of said
spreading code is generated without using the orthogonal
spreading code having a certain spreading factor.
3. A code selecting method comprising the steps
of: |
15 combining an orthogonal code for CDMA having a
specific spreading factbr and its polarity inverted
spreading code to generate another spreading code having
a larger spreading factor than that of said spreading
code; and
20 assigning the generated orthogonal code fox'a‘uSer
in order of users having an orthogonal code of small
spreading factor.
4. The code selecting method according to claim
3, further comprising a step of examining whether an
25 orthogonal code desired by a user to be assigned an

orthogonal is available and a step of arranging the

orthogonal codes when the desired orthogonal code is not

‘AR R Y




Eoﬁebér: the present invention has the same effect in 20 the case where a
| ong code is not applied. As described above, in the spreading code
generating nethod of the present inventiOon, it is possible to generate
ort hogonal codes of different spreading factors having smalltinme
dependence. The use 25 of the generated spreading codes allows to multiple
user signals of different spreading factors w thout decreases of the total
transm ssion information capacity. 18
available. -
5. A code selecting method comprising the steps
of:
combining an orthoéonal code for CDMA having a
5 specific spreading factor and its polarity inverted
spreading code to generate another spreading code having
a larger spreading factor than that of said spreading
code;
calculating the .time dependence value of the
10 generated orthogonai code;: and
selecting an orthogoﬁal spreading code of the
calculated small time dependence value.
“ 6. The code selecting method according to claim
B 5, wherein the orthbgonal'code_is assigned-for a user
- 15 in order of users having an orthogonal code of smail
spreading factor.
7. A base station apparatus comprising:
code generating means for combining an orthogonal
code for Cl.)MA having a specific spreading factor_ and its
20 polarity inverted spreading code to generate another
spreading code having a larger spreading factor than that
of said spreading code; and
spreading means for spreading data using an
orthogonal code generated by said code generating means.
25 8. The base station apparatus according to

claims 7, further comprising administering means for

administering orthogonal codes used for a wuser in

* c L M s * '




And, by applying the selecting method of spreading codes in the.present
i nvention, the deterioration in the quality caused by del ayed waves are
decreased, which allows to inprove the2juality and increase the 5
transm ssion capacity in the whole system Industrial Applicability The
code generating nethod and code selecting nethod in the present invention
are useful in data 10 comunication field using radi o communi cati on devices
such as portable tel ephone and ot hers.:

communication. :

9. The base station apparatus according to
claims 7, further comprising assigning means for
assigning the generated orthogonal code for a user in

5 order of users having an orthogonal code of small
spreading factor.

10. The base station apparatus according to
claims 7. further comprising correlation value
calculating means for calculating the time dependence

10 value of the generated orthogonal code.

11. The base station apparatus according to
claims 10, further comprising assigning means for
assigning the orthogonal code of small correlation value
for a user in order of users having_an orthdgonal code

15 of small spreading factor.

12. A mobile apparatus, wherein said mobile
apparatus communicates with either of the base stations
from claim 7 to claim 11.

13. A communication system comprising :

20 either of the base stations from claim 7 to claim
11; and

a mobile station in communicating with said base

station.

* c L M S *
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19 Cdains 1. A code generating nethod for conbining an orthogonal code
for CDVA having a specific spreadi ng facter..and its polarity inverted
Spreading code to 5 generate another s@2ading code having a |arger
spreadi ng factor than that of said spreadi ng code. 2. A code generating
net hod according to claim1, wherein in the case where an orthogonal code
having a certain spreading factor is used, another spreading 10 code
having a | arger spreading factor than that of said spreading code is
generated w t hout using the orthogoAblstsgetdi ng code having a certain

spreadi ng factor. . _

The present invention relates to a code generating

method for combining an orthogonal code for CDMA having

a specific spreading factor and its polarity inverted

5 spreading code to generate another spreading code having
alargerspreadingfactorthanthatofthespreadingcode.

And the present invention relates to a code sélecting
method for combining an orthogonal code for CbMA having
a.specific spreading factor and its polarity inverted

10 spreading code to generate another spreading code hé.ving
a larger spreading factor than that of the spreading code,
then to assign the generated orthogonal code for a user

in order of users having an orthogonal code of small

spfeading factbrm



3. A code sel ecting nethod conprising the steps of: 15 conbi ning an
-orthogonal code for CDMA having a specific spreading factor and its
polarity inverted spreadi ng code to generate another spreadi ng code having
a larger spreading factor than that of said spreading code; and 20
assigning the generated orthogonal codeti06 a user in order of users having

an orthogonal code of small spreading factor. 4. The code sel ecting
met hod according to Im3I~—TOrth cphnprisi fg_a st 01] exani firngl whef her
an 25 orthogonal cpde Hdesilred by & user to b _askig gn
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orthogonal is available and a step of arrangi ng the orthogonal codes when
-the desired orthogonal code is not 20 avail abl e. 5. A code 'sel ecting
nmet hod conprising the steps of: conbining an orthogonal code for CDVA.
having a 5 specific spreading factor and its polarity inverted spreading
code to generate another spreading code2)d® ng a | arger spreading factor
than that of said spreading

FIG. 2
W1 - 01 10100110610110
w2 1100001100111100
W3 1010010101011010
w4 0000111111110000
w5 1001100101100110
- W6 0011001111001100
W7 1010101001010101
w8 1111111100000000
w9 - 1001011010010110

W10 0011110000111100
W11 0101101001011010
w12 1111000011110000
w13  0110011001100110
W14 1100110011001100
W15 0101010101010101
" W16  0000000000000000



code; calculating the.tine dependence value of the 10 generated orthogonal
-code; and sel ecting an orthogonal spreading code of the calculated small
ti me dependence val ue. 6. The code sel ecting nmethod according to claimb,
wherein the orthogonal code is assigned for a user 15 in order of users
havi ng an orthogonal code of small spre@jreg factor. 7. A base station
appar atus conprising: code generating neans for conbining an orthogonal
code for CDVA having a specific spreading factor and its 20 polarity

i nverted spreading code to generate anot her

FIG. 3
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spreadi ng code having a |arger spfeading factor than that of said spreading
-code; and spreadi ng neans for spreadi ng-data using an orthogonal code

generated by said code generating neans. 25 8. The base station
apparatus _according to clainms 7, further conprising adm nistering neans
for adm ni stering orthogonal codes used for a user in 21 conmuni cati on.
9. The base station apparat uifgcordi ng to
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clainms 7, further conprising assigning neans for assigning the generated
-orthogonal code for a user in 5 order of users having an orthogonal code
of small spreading factor. 10. The base station apparatus according to
clains 7, further conprising correlation value cal cul ating means for

cal culating the time dependence 10 val ue of the generated orthogonal code.
11. The base station apparatus according to clains 10, further conprising
assigning neans for assigning the ort dinal code of small correl ation
value for a user in order of users having an orthogonal code 15 of smal
spreadi ng factor.

FIG.6
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.12. A nobil e apparatus, wherein said nobile apparatus comuni-cates with
‘g ther of the base stations fromclaim7 to claim11l. 13. A comuni cation

system conpri sing 20 either of the base stations fromclaim7 to
odaim1ll; and a nobile station in communicating with said base station.
- 6/6
FIG.7
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(57) Abstract

4 ... modulating mesns
7 ... detecting means

-+« Bpread-spectrum cods instructing means

A codc generating method by which an orthogonal code having diffusivity larger than the original diffusivity is generated by
combining an orthogonal code for CDMA having a specific diffusivity with another orthogonal code which is obtained by inverting the
polarity of the orthogonal code for COMA. A code selecting method by which a user using an orthogonal code having a smal] diffusivity can
| generate an orthogonal code having diffusivity smaller than diffusivity of an orthogonal code for CDMA having a specific diffusivity by
combining the orthogonal code for CDMA with another orthogonal code which is obtained by inverting the polarity of the orthogonal code

for CDMA and assign the generated orthogonal code.
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