- 1 - CDVA COVMUNI CATI ON SYSTEM AND METHOD BACKGROUND OF mggup\l
Field of the Invention The present invention relates to alc Ztiof3386
syst'em usi ng CDVA (Code Division Mitiple Access) 5 and a cont p@p<set hod of
tracki ng the phases of spreadi ng codes. Desecription of the Related Art CDVA
is used for multiplexing a plurality of communication channels.en the sanme
frequency band by 10 using a plurality type of different spectrum spreading
codes. A base station spreads a transmitting signal to each term nal

station by multiplying the transmtting signal by a spreading code specific
to each communi cation 15 channel, and transmts a nultiplexed signal in the
formof a plurality of mxed spread signals of comunication channels by
using a single carrier frequency. Each -

CDMA COMMUNICATION SYSTEM AND METHV



termnal station de-spreads a received signal by nmulti- plying the
reception signal by the code (de-spreading 20 code) specific to its

comuni cation channel and sane as the spreading code used by the base
station, to t'hﬁgshbe(}mebﬁlﬁe pPBddy a correlated.signal of its channel. In this

case, other - ’"MS ]ﬂglare not correl ated and becone noi se conponents

because dlffer odes and 25 de-spreadi ng codes are used. The
| evel of noise nts can be lowered to a degree not to
interfere connunlcatlons Attention has been paid nuch upon CDVA as a
met hod of considerably inproving a use efficiency of 5 conmunication
frequenci es. CDVA has been adopted in U.S.A as a standard (IS-95) of
digital -cellular nobile communi cation systens and is now in a practical use
in BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a communica-
tion system using CDMA (Code Division Multiple Access)

5 -and a control method of tracking the phases of spreading
codes.
Description of the Related Art _

CDMA is used for multiplexing a plurality of
communication channels on the same freguency band by

10 using a plurality type of different spectrum spreading
codes.

A base station spreads a transmitting signal to
each terminal station by multiplying the transmitting
signal by a spreading code specific to each communication

15 channel, and transmits a multiplexed signal in the form
of a plurality of mixed spread signals of communication
channels by using a single carrier frequency. Each
terminal station de-spreads a received signal by multi-
plying the reception signal by'the code (de-spreading

20 code) specific to its communication channel and same as
the spreading code used by the base station, to thereby
derive only a correlated signal of its channel. 1In this
case, other channel signals are not correlated and become

noise components because different spreading codes and .

25 de-spreading codes are used. The level of noise

[THiS SHEET HAS BEEN
™S REPLACED




this nation. This |1S-95 standard uses orthogonal codes as spreadi ng codes
on a forward link for signal trans- 10 mssion fromthe base station to
each term nal station. Exanples of orthogonal codes are shown in Fig. 11
being indicated at W, W, W2 and WB. An org hogonal code has the nature
that a sum of products of arbitrary two codes in a code group wthin an
orthogonal uni tohpohefiesesancha. 1owgredOtehavdegreadhotceonuntegEees system
including of a plurality of base stations 401 (401-1 to 401-j)

i nt er connect edcommanicatiionetwork and a plurality of termnal stations 402
(402-1 to 402-n) distributed 20 within a comuni cati on area of each base
station. According to thétFSngsogthﬁéabéentEélﬁa@BCBtHPPDnCQ§§|gﬁsaspeC|f|c
ort hogonal codes W %ﬁto a.plurality of term nal statiagns (or

conmuni cat i on @ﬁﬁhﬁ@lgf ﬁPPﬁFﬂe PIZoﬁﬂBﬁPUéPgoﬁ ypeacsficheNEXsO st ati on.
The base 25 station_s ads a gallor gln gegogdo Egankna
station i thcgﬂmBPfﬁsgbﬂﬁl 588& ' ?BéC|#ﬁ¥gt h P
U.S.A. as a standard (IS-95) of digital cellular mobile
communication systems and is now in a practical use in
this nation. This IS-95 standard uses orthogonal codes
as spreading codes on a forward link for signal trans-
10 mission froﬁ the base station to each terminal station.
Examples of orthogonal codes are shown in Fig.
11 being indicated at W0, W1, W2 and W3. An orthogonal
code has the nature that a sum of products of arbitrary
two codes in a code group within an orthogonal unit
15 becomes zero.
Fig. 10 shows a radio communication system
including of a plurality of 5ase stations 401 (401-1 to
401-j) interconnected by a wired network and a plurality
of terminal stations 402 (402-1 to 402-n) distributed
20 within a communication area of each base station.
According to the IS-95 standard, the base station assigns
specific orthogonal codes Wi (i = 1 to n) to a plurality
of terminal stations (or communication chénnels) within
the communication area of the base station. The base
25 station spreads a signal or data destined for a terminal
station i with an orthogonal code Wi specific to the
terminal station and transmits it. The terminal station

de~spreads the received signal with the orthogonal code



termnal station and transmts it. The termnal station de-spreads the
received signal with the orthogonal code -3- W specific to it so that
si gnal components of all other channels are renoved during the de-spreading
process and they do not becone interferenceg signals. Such communication
systens, which use spectrumb5 spreading with orthogonal codes for
communi cat i onswi rgpeeibicetstiti oo thatesbgnal stmponentsvef ablwatHeki nks,
are disclosed, for exanple, in U S. Patent No. 5,103,459. In order to
utilize advantcijEsnels catdéogemavedodiesingtthe deespreaging pnecesespanflect
synchroni zation 10 of orthogonal code tim ngs between a subject reception
channel and ot tkeyréecpot obecom@nintenferemcensigralgpr eadi ng process. |f
there is any shift of timngs of orthogonal codes on a_plurality of
mul ti p| exed channel S, Suc communication Systems, which use spectrum
5 spreading with orthogonal codes for communications from a
base station to terminal stations over forward links, are
disclosed, for example, in U.S. Patent No. 5,103,459.
In order to utilize advantages of orthogonal
codes, it is necessary to ensure perfect synchronization
10 of orthogonal code timings between a subject reception
channel and other reception channels during the de-
spreading process. If there is any shift of timings of
orthogonal codes on a plurality of multiplexed channels,
orthogonality is lost so that received signal components
15 of other reception channels become interference signals
relative to the signal of the subject reception channel
and its signal-tb-noise (S/N) ratio is degraded.
Even if each terminal station spreads trans-
mitting data by using orthogonal codes, the transmitting
20 signal of each channel is received asynchronously at the
base station because each terminal station transmits it
independently over the reverse link. Therefore, the
transmitting signals of respective channels become inter-
ference signals and a reception S/N ratio is degraded.
25 Orthogonal codes without synchronization used as
spreading codes as in the above case limit the number of

connection channels. For example, in order to realize a

reception S/N ratio of 10 dB, the number of connection



orthogonality is lost so that received signal conponents 15 of other
reception channels becone interference signals relative to the signal of
t he subj ect reception channel and its signal-to-noise (S/N) ratio is
degraded. Even if each term nal station sprgeads trans- mtting data by
usi ng orthogonal codes, the transmtting 20 signal of each channel is

recei ved asynceha@nfessyvah tBeebaselshRsi BEcEAE8UaBoRBCENECEENBRI oFt @hON
transmits it independently over the reverse link. Therefore, the

transm tting shgmbés of fespeaedi ¥&énkbBannel s becone inter- ference signals
and a reception S/INratio is degraded. 25 Othogonal codes w thout
synchroni zati on used as Epomwmatihhegabodesreason,t hecabventianall CAMA t he
nunber of connection channels. For exanple, in order to realize a reception
S/IN ratio of lecEmunigationpsystemcuafscershogonal.codes only for one-

5 to-N transmission links easy to synchronize timings of
orthogonal codes.between channels, i.e., only for forward
iinks from a base station to terminal stations. For N-
to-one-transmission reverse links over which a plurality
of terminal stations transmit signals independently, non-

10 orthogonal codes suéh as pseudo-noisé (PN) codes have
been used for spreading transmission signals.
JP-A-7-254867 discloses a CDMA communication
system in which a base station feeds a delay information
on the channel back to a mobile terminal station, but

15 does not refer to use of an orthogonal code therein.

SUMMARY OF THE INVENTION
An object of the present invention is to
provide a CDMA communication system and method capable of
receiving good quality signals at both base and terminal
20 stations. .
Another object of the present invention is to
provide a CDMA communication system and a control method
of tracking the phases of spreading codes, capable of
increasing the number of terminal stations accessible to
25 the base station at the same time.
The present invention is applied to a CDMA

communication system comprising a base station (main



channel s via reverse |inks beconmes about one tenth of the nunber of forward
| inks. Fromthe above reason, a conventional CDMA comruni cation system uses
ort hogonal codes only for one- 5 to-Ntransm ssion |inks easy to
synchroni ze timngs of orthogonal codes hegween channels, i.e., only for
forward links froma base station to termnal stations. For N to-one

transm ssi on reyEtisen ) idkd HVElurdl Dty coP | terhinayl Cﬁtéﬁdﬁ@aLsﬁbﬁdmy
transmt signals independently, -non- 10 orthogonal codes such as

pseudo- noi se (Fdtiane), hadve tmessn sisseci drorpsprsdikaga t plmsal Sy oof si gnal s.
JP- A- 7- 254867 di scl oses a CDVMA comruni cation systemin which a base station
feeds a del ay ¢hannedks i th Torwamrd cind meeversk links Movrough CPAa( cedat i on,
but 15 does not_ refer to use of an orthogonal code therein. SUMVARY OF THE
| N\VENTI ON An ohbiekticn Bnpktiple Afces®bmird£3ch 1 teFringestatinm being

communi cat i.on system and, nethod. capabl e, of; £1eCSid " 005 WS Lt Signa! S
of a pair of forward and reverse links.

In order to achieve the above objects, in one
aspect of the present invention, the base station feeds
information, which indicates a phase difference between a

10 phase of a received signal detected at each channel on a
reverse link and a reference phase of a de-spreading code
at said base station, back to the corresponding terminal
'station via the corresponding forward link of the
channel. Each terminal station synchronizes a phase of a

15 spreading Eode of a transmitting signal on the reverse
link with the reference phase at the base station, in
accordance with the phase difference information received
at the corresponding forward link of the channel. There-
fore, an orthogonal code can be used as tﬁe spreading

20 code of a transmission signal at both the reverse and
forward links.

More specifically, according to the aspect of
the invention, a recéption circuit of each terminal
station is provided with an orthogonal generator. The

25 phase of an orthogonal code generated by the orthogonal
generator is controllable in accordance with phase
synchronizétion control information received from the

base station on the forward link. Each channel signal on



20 stations. Another object of the present invention is to provide a CDVA
communi cation systemand a control nethod of tracking the phases of
spreadi ng codes, capable of increasing the nunber of term nal stations
accessible to 25 the base station at the sgm tine. The present invention
I's applied to a CDMA comuni cati on system conprising a base station (main
station) and athéur@vétyeolihRroanathstefbpesbésrbcedvedyatt BheoBage the
base station providing a plurality of channels to forward and reverse |inks
t hrough CDVA (evtattidnvini an ovthogbmaicsetase.and each term nal station
‘being 5 provided in correspondence with each channel constituted of a pair
of forward and reverse | Inkerdén tedeynchranhzevthehphapeseobbjects, in one

aspect of the present invention, the base_ station_feeds .
orthogonal codes of respective terminal stations, the

5 base station measures, for example, a phase difference
between the reception reference phase and the phase of a
reception signal of each terminal station, at each
channel on the reverse link. A phase synchronization
control signal genérated in accordance with the measured

10 phase difference is fed back to each terminal station.
Each terminal station derives the phase synchronization
control signal of its own from the signal sent from the
base station, and in accordance with this derived control
signal, the phase of the orthogonal code for the trans-

15 mitting signal is conﬁrolled.

'According to another aspect of the invention,
when a terminal station is additionally connected, the
measurement results of the reception phase at the base
station are supplied to the terminal station. In

20 accordance with the measurement results, the terminal
station sets the phase of the spreading code for the
transmission signal to a predetermined phase.

The foregoing and other objects, advantages,
manner of operation and novel feature of the present

25 invention will be understood from the following detailed
description when read in conjunction with the accompany-

ing drawings.



I nformation, which indicates a phase difference between a 10 phase of a
recei ved signal detected at each channel on a reverse |link and a reference
phase of a de-spreading code at said base station, back to the
corresponding termnal station via the carresponding forward |ink of the
channel . Each term nal station synchronizes a phase of a 15 spreadi ng code
of a transm tt BRJEF DESCRIPTIO® OFveHE:DRAWINGSt h t he reference phase at
the base station, in accordance with the phase difference infornmation
recei ved at the correspoifdgnglf dswar thlloickk dihgraem shemialg aTdrst fore, an
ort hogonal code can be used as the spreading 20 code of a transm ssion
signal at bot hembodimentsefandbesewstationk congtitudiag B communisaddod ng
to the aspect of the invention, a reception circuit of each term nal
station is profV8&E@M\ofh thd SoADNEgEAeM .generator. The 25 phase of an

ort hogonal g¢ode generated by the ort opal..generator i,s controllahle in
accor dance %ﬁth phase syRd ro@i%&t?ogﬁgﬁgtpé gFﬁﬂbF§9W¥BH & dfE@il%m t he

of a modem 106~i (i = 1 to n) shown in Fig. 1.

Fig. 3 is a block diagram showing a first
embodiment of a terminal station of a communication
system of this invention.

10 Fig. 4 is a block diagram showing a second
embodiment of a base station constituting a communication
system of this invention.

Fig. 5 is a block diagram showing the details
of a modem 116-i shown in Fig. 4.

15 | : Fig. 6 is a block diagram showing the details

of a modem 116-i (i

2 to n) shown in Fig. 4.

Fig. 7 is a block diagram showing a third
embodiment of a base station constituting a communication
system of this invention.

20 , Fig. 8 is a block diagram showing the details

of a modem 126-i (i 1 to n) shown in Fig. 7.
Fig. 9 is a block diagram showing a third
embodiment of a terminal station coﬁstituting a
communication system of this invention.
25 Fig. 10 is a diagram showing a communication
system the invention is applied.

Fig. 11 is a diagram showing examples of

orthogonal codes used for spectrum spreading.



base station on the forward |ink. Each channel signal on -6- the reverse

link can therefore be received at the base station in an orthogonal

In order to synchroni ze the phases of orthogonal codes of respective
term nal stations, the 5 base station neasgres, for exanple, a phase
di fference between the reception reference phase and the phase of a

reception signa

state.

of eaclFilger mMidals o aliarantsiradihg N alangsld hes rever se

| ink. A phase synchronization control signal generated in accordance with
t he nmeasured Ehqitese chinfsrisrateiaon Swstdmdio twhisde theerimvexitisiratison.
term nal station derives the phase synchronization control signal of its

own fromthe SRMEledent fromthe base station, and in accordance with this
derived control signal, the phase of the orthogonal code for the trans-

10

15

20

25

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiments of the invention will be described,
by taking a radio communication system constituted of
base stations 401 and terminal stations 402 shown in Fig.
10 as an example. |
Fig. 1 shows the first embodiment of the
structure of the base station 401. In the first
embodiment, at the base station, a desired reception

phase is set as a reference phase, and a transmission

phase at each terminal station is adjusted to be egual to

the reference phase.

| A signal received at an antenna 111 is input
via a circulator 110 to a radio frequency circuit 109
whereat the received signal is converted into a spectrum
spread signal Rx on a baseband. The spread signal Rx is
input to a plurality of modems 106-i (i = 1 to n)
provided in correspondence with terminal stations under
communications.

At each modem 106-i, the input signal Rx is
demodulated through de-spreading and decoded to derive a
transmitted signal (received data) of each terminal
station. As will be later detailed with reference to
Fig. 2, each modem 106-i performs two steps of de-

spreading by using pseudo noises PNr specific to each

Each



15 mtting signal is controlled. According to another aspect of the

I nvention, when a termnal station is additionally connected, the
measurenent results of the reception phase at the base station are supplied
to the termnal station. In 20 accordance ¢ th the neasurenent results, the
term nal station sets the phase of the spreading code for the transn ssion

signal to a preseéesei Dbk Phaseratdde fe6R 0PI PEcEPEi Oh NBsetllp eadbSse (PN)
advant ages, nmanner of operation and novel feature of the present 25
i nventi on w | | gdreexranciexy s2 bbdarhd duy tileidgl aovonchogdmal ecodie sk i pssdbgnaden
read in conjunction with the acconpany- ing draw ngs. -7- BRI EF
DESCRI PTI ON OFtq HEaGIRARINGENEL gstdtien samd ogéneragednf stmwmgorthogenal
code generator 212. Each modem 106-i includes an
5 acquisition circuit 214 which operates for timing
acquisition of a spreading code (hereinafter called "an
acquisition searching mode") and a received phase state
decision circuit 213 which operates for phase tracking
control after the timing acquisition (hereinafter called
10 "a phase tracking control mode").

After the completion of the timing acﬁuisition
of a spreading code in the acquisition searching mode,
the acquisition circuit 214 outputs acquired phase
information SP-i (i = 1 to n). In the phase tracking

15 control mode, the decision circuit 213 compares the
acquired phase while a de-spreading process for the
received signal Rx is performed in parallel, and outputs
phase difference information PD-i (i = 1 to n).

The acquired phase information SP-i (i = 1 to

20 n) and phase difference information PD-i (i = 1 to n)
output from each modem 106-i (i = 1 to n) are input to a
reverse link phase synchronization controller 103. 1In
accordance with the contents of the acquired phase
information SP-i (i = 1 to n), the reverse link phase

25 synchronization controller 103 generates phase jump
information PJ-i (i = 1 to n) of each terminal station,

and in accordance with the contents of the phase

difference information PD-i (i = 1 to n) it generates a



enbodi nent of a base station constituting a conmunication systemof this

i nvention. 5
nodem 106-i (i

Fig. 2 is a block diagram show ng the details of a
1 ton) shown in Fig. 1. Fig. 3 is a block diagram show ng

a first enbodi ment of a term nal station-ofga-conmunication systemof this

i nvention. 10

Fig. 4 is a block diagram show ng a second

enbodi nent of phassesghahronigatidntabhtgod fnsvtructidhoRCsys{enEol tbis
invention. Fig. 5 is a block diagram showi ng the details of a nodem 116-i
shown in Fig. B) af each terminakigtagios.a bl ock diagram showi ng the
details of a nodem 116-i (i = 2 to n) shown in Fig. 4. Fig. 7 is a block
di agram showing a third Eﬁebﬁmhﬁh%HGfdat%abglst@t¢Gﬁhc§ﬁ§m¥ﬂﬁi|ﬁgaﬁlon

communi cation s
di agr am showi n¥

g

stem of_  this invention,. . 8 is a block

tHe*edt By & S?raeﬁaa@ﬁ+&96m?d%m 106- %o(h) sﬁoﬁﬁ Ph ¥igh 7

5 the phase jump information PJ~i or phase synchronization

control instruction PC-i of the terminal station selec-

tively supplied from the reverse link phase synchroniza-

tion controller 103, and subjected to an encoding

processing and a modulating processing through spectrum

10 spreading. This spectrum spreading is performed two

steps by using pseudo noises PNf specific to each forward

link generated by a pseudo noise (Tx -~ PN) generator 104

and by using an orthogonal code Wi specific to each

terminal station generated by an orthogonal code

15 generator 105. The signal modulated through spectrum

spreading is output as a transmitting signal Tx-i (1 = 1

to n).

Transmitting signals Tx-i (i = 1 to n) of

respective terminal stations are sequentially added by

20 cascaded adders 107, and thereafter converted by a radio

frequency circuit 108 into a signal on the transmission

frequency band, and transmitted from the antenna 111 via

the circulator 110.

Fig. 2 shows an example of the structure of the

25 modem 106-i (i'= 1 to n) shown in Fig. 1.

The transmitting data 101 and the'phase jump

information PJ-i (i = 1 to n) or phase synchronization

control instruction PC-i (i = 1 t on) are mixed by a



Fig. 9 is a block diagramshow ng a third enbodi nent of a termnal station
constituting a comunication systemof this invention. 25 , Fig.
10 is a diagram showi ng a conmuni cation systemthe invention is appli ed.
Fig. 11 is a diagram show ng exanpl es of_ off hogonal codes used for spectrum

spr eadi ng. - 8 - Fig. 12 is a diagramshow ng an exanpl e of another
conmmuni cat i on Fies Nedntpodl tiod NE1ddWEX01 Prand Bigte £k e DT dddd
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 5 Enbodi nents of the

i nvention w | |{irecledioig o ycdmkeaigi en raagt otloe nirdiee ¢ by can sers¢ceder
constituted of base stations 401 and termnal stations 402 shown in Fig. 10
as an exanpl e.202. The encoded signal is multiplied (first spectrum
spreading processing) by the orthogonal code Wi assigned
5 to the destination terminal station by a first multiplier
203, and then multiplied (second spectrum spreading
processing) by the forward link pseudo noises PNf by a°
second multiplier 204. This spectrum spread signal is
output as a transmitting signal Tx-i.

10 The received signal Rx is input to a first
multiplier 206 to be multiplied (first spectrum de-
spreading processing) by the orthogonal code Wi generated
by the orthogonal code generator 212. The orthogonal
code Wi is the same as the orthogonal code Wi used for

15 spectrum spreading of the received signal Rx by the
terminal station. An output of the multiplier 206 is
input to a second multiplier 207 to be multiplied (second
spectrum de-spreading processing) by the forward link
pseudo noises PNf generated by the pseudo noise (PN)

20 generator 211.

An output of the multiplier 207 is input to an
accumulator 208 which accumulates outputs of the
multiplier 207 during a predetermined period and outputs
the accumulation results to a decoder 209 and thé

25 acquisition circuit 214. The signal accumulation period
of the accumulator 208 is changed with the type of
operation mode. For example, the accumulation period is

an eight-symbol period for the acquisition searching



Fig. 1 shows the first enbodi ment of the 10 structure of the base station
401. In the first enbodi nent, at the base station, a desired reception
phase is set as a reference phase, and a transm ssion phase at each

term nal station is adjusted to be equal _tgatbhe reference phase. 15

A signal received at an antenna 111 is input via a circulator 110 to a
radi o frequencyodé| Cahd éoenéhg%ﬁﬁbltﬁerioﬁefugdtﬁégpnéséStgaakeﬁged into a
spectrum spread signal Rx on a baseband. The spread signal RX is Input to a
plurality of nodeteolOfiede(i Gnlthe agsifippioni thati datarofspondenutiwet h

term nal stations under conmmunications. At each nodem 106-i, the input
signal Rx is debbdilatiés thansgphttedsfremdangezminadcstation during the
transmtted signal (received data) of each termnal 25 station. As will be

| ater detai | ed@@EuhsSitienefearchipggmode apdhthedéarspsepdpegr 5eAEltRo
steps of des SpEelingde DY veu g1 Bas Y8 xRS 283ufmlatBi abing®tha Cight-
symbol period at the base station, a gain of a correla-
tion value can be increased by 9 dB so that a timing
acquisition probability can be improved.
In an asynchronous state between the phases of

10 the spreading code of the terminal station and that of
the base station on the reverse link, i.e., in the
acquisition searching mode, the acquisition circuit 214
decides synchronization basing upon the results of de-
spreading outputs from the accumulator 208. During this

15 period, a selection switch SW is turned to the acquisi-
tion circuit side so that a control signal output from
the acquisition circuit 214 is input to the PN generator
211 and orthogonal code generator 212 of the received
phase state decision circuit 213.

20 When it is determined from an output of the
accumulator 208 that the phases of the spreading codes
supplied to the multipliers 206 and 207 are asynchronous
with the phase of the spreading code of the received
signal Rx, the acquisition circuit 214 outputs a phase

25 update instruction to the PN generator 211 and orthogonal
code generator 212 in order to shift the phases thereof
by a predetermined amount. If it is determined that the

phases become synchronous, then the acquisition circuit



-9- reverse link generated froma reception pseudo noi se (PN) generator 211
and by using an orthogonal code W assigned to each termnal station and
generated from an orthogonal code generator 212. Each nodem 106-i i ncl udes
an 5 acquisition circuit 214 which operategsfar timng acquisition of a
spreadi ng code (hereinafter called "an acquisition searching node") and a
recei ved phase2séataldathgsesnacligicirentd Potwbenpehat phates piathet PACKI Ng

control after the timng acquisition (hereinafter called 10 "a phase

t racki ng contrgengwdedy. 2Alt andt bethogphefli cndef geheraitorn@l2cqdi £hiaiton of

a spreading code in the acquisition searching node, the acquisition circuit

214 out puts actidimecanghsbe referenceoph8pei, @nd-ottpyts) thendifdegence

- tracking 15 control node, the decision circuit 213 conpares the
as acquired phase information which is notified to the

5 +terminal station. Data 102 output from the decoder 209

during the acquisition searching mode (during an
asynchronous period) is processed as invalid data.

When it is determined that the spreading codes
become synchronous, the acquisition circuit 214 makes the

10 selection switch SW to be turned to a reference value
generator side (in Fig. 2, this value is indicated as
“"0"). In this state, the phases of the PN generator 211
and orthogonal code generator 212 are set to the
reference phase, and the circuit operation transits to

15 the phase tracking control mode. During the phase
tracking control mode, the de-spread received signal
output from the accumulator 208 is subjected to a
decoding processing such as an error correction proces-
sing by the decoder 209, and thereafter it is picked up

20 as valid received data 102.

The received phase state decision circuit 213
surrounded by a broken line in Fig. 2 is used for
determining the phase of the received signal Rx. The
received signal Rx is subjected to a de-spreading proces-

25 sing by using spreading codes having a half-chip
forwarded phase and a half-chip delayed phase relative to

the phases of the spreading code (PN and orthogonal code)

used by the multipliers 206 and 207 for de-spreading the



acqui red phase while a de-spreadi ng process for the received signal Rx is
performed in parallel, and outputs phase difference information PD-i (i =1
to n). The acquired phase information SP-i (i = 1 to 20 n) and phase
difference information PD-i (i = 1 to n)_oyjput fromeach nodem 106-i (i =
1 ton) are input to a reverse |ink phase synchronization controller 103.

| n accordance wetbivee sfghabtRxof Aheifitguened pbBeweehnbamsvbfEon SP-i (i =
1 ton), the reverse link phase 25 synchroni zation controller 103 generates
phase junp i nfzeapecbavelde-épread resun}ltsf (ecarheletionaraiuesions and in
accordance with the contents of the phase difference information PD-i (i =
1ton) it gen@REPBS @s the Ebasﬂhéééf§¥ﬁ§ﬁ¢ohniarméhl@DnFDoL instruction

PC-i i =1 to n) of each te station.
(i ) Le Qecxsxon circuit 213 shown in Fig. 2,

5 outputs from the PN generator 211 and orthogonal code
generator 212 are passed through respective cascaded
half-chip delay circuits 210 of two stages, and spreading
codes are generafed having +/- half-pitch phases relative
to the phase of the spreading code at the intermediate

10 Dbetween two delay circuits. The spreading code having a
forwarded phase is supplied to multipliers 206’ and 207’
and the spreading code having a delayed phésé is supplied
to multipliers 206" and 207", thereby to be multiplied.by
the received signal Rx. The de-spread results of these

15 two series of circuits are accumulated during a predeter-

- mined period by accumulators 208’ and 208", similar to
the accumulator 208 for the received data.
Fig. 3 shows an example of the structure of the
terminal station 402.

20 A signal received at an éntenna 301 is input
via a circulator 302 to a radio frequency circuit 303
whereat it is converted into a spectrum spreading signal
on the baseband. The spectrum spreading signal on the
baseband is supplied to a first multiplier 304 of a

25 reception circuit (demodulating.circuit) to be multiplied
(first de-spreading processing) by an orthogonal code Wi
assigned to the terminal station and generated by an

orthogonal code generator 313. An output of the first



Transmtting data 101 to each termnal station is m xed by a correspondi ng
nodem 106-1 (i = 1 to n) with 5 the phase junp information PJ-i or phase
synchroni zation control instruction PC-i of the term nal station selec-
tively supplied fromthe reverse |ink phasgssynchroniza- tion controller
103, and subjected to an encodi ng processing and a nodul ati ng processi ng

t hrough spect rmaitOp3peradDagisTeuppipedt tanaspecaddnguilsipéieor 388 tao
steps by using pseudo noi ses PNf specific to each forward |ink generated by
a pseudo noi sebg¢Tmultppligdnésacondidae-andepdingi pgoaassingogbialkorwasdw
specific to each term nal station_generated by an orthogonal code 15
generator 105.1¥RE BFgHEP ﬁﬁﬂﬁ?ﬁtBgftﬁ?BEﬁﬂtgﬁeEYrEnP§ﬁP€8dPﬁgs?s(Bﬁﬂput as
a transmtting signal Tx-i (i =1 to0 né. Transnhﬁ%ing signaLs TX- I, éi =1
to n) of respeSBRYEALEFnPhar sTREi BNs9SRETaLqlicAtfafPySqta¥dthy N9$58ascaded
e 10T g AnaLereR! LenoCal EhboPsBYaB hBFLYs" PREVEPELIEHECHL! £AQ8 T1O

forward link generated at the base station.

An output of the second multiplier 305 is input
to an accumulator 306 which accumulates signals from the
second multiplier.305 during a predetermined period. The

10 accumulated signal is decoded (including error correction
and the like) by a decoder 307 and supplied to a frame
de-composition block 308. |

The frame de-composition block 308 separates an
output of the decoder 308 into received data 309, and

15 phase jump signal PJ-i or phase synchronization control
instruction PC-i. The phase jump signal PJ-i is input to
an orthogonal code generator 318 and a pseudo noise
generator 321 respectively of a transmission circuit
(modulating circuit). In accordance with the contents of

20 the phase jump signal PJ-i, the phases of the orthogonal
code Wi and pseudo noises PNr used for spreading trans-
mitting data, are coarsely adjusted. The phase synchro-
nization control instruction PC-i is input to a
transmission phase controller 315. 1In accordance with

25 the contents of the phase synchronization control
instruction PC-i, the transmission phase controller 315
outputs a control signal PS-i which is used for fine

adjustment of the phases of the orthogonal code Wi and



'frequency band, and transmtted fromthe antenna 111 via the circul ator
110. Fig. 2 shows an exanple of the structure of the 25 nodem 106-i (i =1

to n) shown in F
i nformation PJ-i

g. 1. The transmitting data 101 and t he phase junp
(i =1 to n) or phase synggroni zation control instruction

PCi (i =1t on) are mxed by a frame conposition block 201, and
t hereafter encoskeaddimeisesls mpNerror correction and the |ike) by an encoder

202. The encoded
by the orthogonal

signal is nmultiplied (first spectrum spreadi ng processing)
code \Bynchrombziatiom adtguiettiomtamd trackimg station by

a first multiplier 203, and then multiplied (second spectrum spreading
processi ng) byoperatibengrfori M arduevthegeral prpdeyuged cepntheuderpl i er

204. This spectrum spread signal is output as a transmtting signal Tx-i.
spreading procéssing at the reception circuit are

5 performed respectively by an acquisition circuit 314 and

a DLL (Delay Lock Loop) circuit 310 surrounded by a

broken line in Fig. 3. Similar to the received phase

state decision circuit 213 of the base station, the DLL

circuit 310 supplies the outputs of the PN generator 312

10 and orthogonal code generator 313 to half-chip delay

circuits 311 of two stages to obtain spreading codes

having half-chip forwarded and delayed phases relative to

the spreading codes (PN and orthogbnal code) used for the

de~-spreading of received data.

15

In an asynchronous state (in a timing

acquisition state) of the phases between the received

signal and de-spreading codes, the phases of the PN

generator 312 and orthogonal code generator 313 are

controlled by a phase updating instruction supplied from

20 the écquisition circuit 314 via a switch SW. When the

phase synchronization is acquired, the PN generator 312

and orthogonal code generator 313 are connected to a loop

filter 325. 1In this state, the reception signal is de-

spread by multipliers 304’ and 305’ with the spreading

25 code having a half-chip forwarded phase and by multi-

pliers 304" and 305" with the spreading code having a

half-chip delayed phase. The phases of PN and orthogonal

code are controlled so that the de-spread results of two



10 The received signal Rx is input to a first nultiplier 206 to
be multiplied (first spectrum de- spreadi ng processing) by the orthogonal
code W generated by the orthogonal code generator 212. The orthogonal code
W is the sanme as the orthogonal code WL gged for 15 spectrum spreadi ng of
the received signal Rx by the termnal station. An output of the multiplier
206 i s input ferwazrdedndndudelpledr phdset seltdesuitbi pei ethtaiaedndyspect rum
de- spreadi ng processing) by the forward |ink pseudo noi ses PNf generated by
t he pseudo noeseumBipt2@®s §Ober andr 3251, Recomepeqguafl .t he nmultiplier 207 is
input to an accunul ator 208 whi ch accunul ates outputs of the multiplier 207
during a predeterm ned g&rithe awan@muﬁau@gtﬁerg@e@nu¢5am§mlﬁ§g@mtdam@ a
decoder 209 and the 25 acquisition circuit 214, The si naI accurul ati on

peri od of the3&écdfuiaPyt E@Bapse@ﬁgﬁﬁgd3%|tﬁ°tﬁ@ epsedsd ddacdiuddRgmde.
For xample. theoacounulatiion el 9dd 15305 4l BHIRYa R 9Pt
spread by two multipliers 320 and 322. The first
multiplier 320 multiplies the encoded transmitting data
by the orthogonal code Wi assigned to the terminal
station to perform a first spectrum-spread modulation.

10 The next second multiplier 322 multiplies an output of
the first multiplier 320 by reverse link pseudo noises
PNr to perform a second spectrum-spread modulation. 1In
this embodiment, the orthogonal code Wi generated by an
orthogonal code generator 318 and pseudo noises PNr

15 generated by a pseudo noise generator 321 are supplied
via delay circuits 319 and 319’ to the multipliers 320
322. The signal delay amounts at these delay circuits
are controlled by the control signal PS-i output from the
transmission phase controller 315 to thereby finely

20 adjust the phases. An output signal of the second
multiplier 322 is converted into a signal on a
transmission frequency band by a radio frequency circuit
323 and transmitted from the antenna 301 via the
circulator 302.

25 In the above eﬁbodiment, it is possible to
synchronize at the base station the phase of a received
signal from any terminal stations with each other, by the

phase jump function to be performed when the acquisition



-12- node, and a one-synbol period for the phase tracking control node.

the assunpti

on that data of consecutive all 1's is transmtted froma

On

termnal station during the acquisition searching node and the de-spreading
results 5 of the received signals are accymul-ated during the eight- synbo

period at the base station, a gain of a correla- tion value can be
i ncreased by $edFrchdrighadode tHransjtacqd dihe phaweoladadking caomtrol npr oved.
In an asynchronous state between the phasés of 10 the spreadi ng code of the

term nal stat modenat tihe befse sraiEdom amd ihgn the ttransaisssiorn iphgse . e. |

the acquisit
synchroni zat
accumul at or
t he acqui si -

5

10

15

20

25

I on searching node, the acquisition circuit 214 deci des

in

i aPEsiindauhe executed|lats efchy demymadd st tdfth #UWrimMdm t he
ZQ:%e %ﬂri ng this 15 period, a selection switch SWis turned to

ase tracking control mode. Accordingly, the
advantageous performance of orthogonal codes can be
positively utilized and transmitting signals from
terminal‘stations can be prevented from being interfered
with each other.

As above, in the first embodiment, a desired
reception phase is set as a reference phase by the base
station, and the transmission phase of each terminal
station is synchronized with this reference phase. After
the.synchronization acquisition, the phases of a PN
generated by the reception PN generator 211 and an
orthogonal code generated by the orthogonal generator
212, respectively shown in Fig. 2, are fixed to the
reference phase set at the base station, and at this
reference phase, de-spreading of the received signal is
performed. For example, as the reference phase, the
phases of orthogonal code and PN at the base station for
forward link may be used.

| Next, the second embodiment of the invention
will be described. Fig. 4 shows the structure of the
base station 401. Constituents corresponding to those
shown in Fig. 1 are represented by identical reference
numerals.

The structure and operation of the base station

of the second embodiment are similar to those of the



tion circuit side so that a control signal output fromthe acquisition
circuit 214 is input to the PN generator 211 and orthogonal code generator
212 of the received phase state decision circuit 213. 20 When it
is determ ned froman output of the accumyj@tor 208 that the phases of the
spreadi ng codes supplied to the nultipliers 206 and 207 are asynchronous
W th the phasefifst hemisgd vty Crite Oiffdmentcopdietl Bé Otitdt Rébe thitase
acquisition circuit 214 outputs a phase 25 update instruction to the PN
generator 211 @ihda cextdvospointt irom dei grenker ftom £ 1ermimallestavicmi feceieed
phases thereof by a predeterm ned amobunt. If it is determ ned that the
phases becone &y mene @buche thedenhe( e dehss texample o tfirst modem2ly6-

cal cul ates a difference between the phases of the PN generator 211 and

or t hogonal Codb)ggﬁéqgngagnypgurqﬁggence phase to control the phases

5 of transmitting signals from other terminal statioms.
Referring to Fig. 4, the modem 116-1 has a DLL
circuit and de-spreads a received signal while
controiling the phases of PN and orthogonal code so as to
synchronize them with a received signal from the terminal
10 station. 1In accordance with the phase of PN and
orthogonal code generated when the synchronization is
acquired, the modem 116-~1 generates spreading code
synchronization timing information CT. 1In accordance
with this information CT, the other modems 116-i (i = 2
15 to n) set the reference phase of their reception
spreading codes (PN and orthogonal code) to perform the
de-spreading processing and received phase state decision
during the phase tracking control mode.
Fig. 5 shows an example of the first modem 116-
20 1 shown in Fig. 4.
| Different points from the modem shown in Fig. 2
are that the phase control of the PN generator 211 and
orthogonal code generator 212 to be executed by the
reception phase state decision circuit 223 is performed
25 by using the control signal from the acquisition circuit
214 similar to the DLL circuit 310 shown in Fig. 3 during
the acquisition searching mode, and performed by a

feedback control of an output of the loop filter 215



1d. t he reference phase, and outputs the difference as acquired phase
et on which is notified to the 5 termnal station. Data 102 out put
from the decoder 209 during the acquisition searching node (during an
asynchronous period) is processed as invalhg data. Wen it is determ ned
that the spreadi ng codes become synchronous, the acquisition circuit 214
makes the 10 dekenyi eResphhel SYatRihg tohtedlt model, chndctRatvahuehe
generator side (in Fig. 2, this value is indicated as "0"). In this state,
t he phases of thenPiigehenatdrcfiit,afidedbabkgofiatheopghagensyatbrofizaare
set to the reference phase, and the circuit operation transits to 15 the
phase track|ngtegntcgntngae1nf9umaﬁgonh§0pha§etera¢nahgs@gnupnl1snnet t he
de-spread received signal output fromthe accumulator 208 is subjected to a
decodi ng proceEEFﬁ@r§8€hb&§ SgeeVPéPeéo PecPFSnsﬁFoEesIh§| RYaEE MEPdecoder

209,309 {er oLty b1 Byi Ehe BrABs, Sonkibh shESThLRlHLR 402 The
supplied to the terminal station.

The phase of a received signal when the
acquisition circuit acquires a synchronization is set to
the loop filter 215, By using this phase as a reference,

10 the phases of the PN generator 211 and orthogonal code
generator 212 are controlled through feedback. The
phases of these generators are sent to the other modems
116-i (i = 2 to n) as the spreading code synchronization
timing information CT.

15 Fig. 6 shows an example of the structure of the
modem 116-i (i = 2 to n) other than the first modem 116~1
shown in Fig. 4.

When the acquisition circuit 214 acquires a
synchronization during the acquisition searching mode, a

20 difference between the current phases of the PN generator
211 and orthogonal code generator 212 and the reference
phase indicated by the spreading code synchronization
timing SLgnal CT is used as the acquired phase informa-
tion SP-i. After the synchronization acquisition, the PN

25 generator 212 and orthogonal code generator 212 of the
phase state decision circuit 224 execute the feedback
control by using as the reference phase the phase

represented by the spreading code synchronization timing



surrounded by a broken Iine in Fig. 2 is used for determ ning the phase of
the received signal Rx. The received signal Rx is subjected to a

de- spreadi ng proces- 25 sing by using spreading codes having a half-chip
forwarded phase and a hal f-chi p del ayed phgage_rel ative to the phases of the
spreadi ng code (PN and orthogonal code) used by the multipliers 206 and 207

for de-spreadi 9ghd® CT.- BifferéRei FPEmStBOaLiR¥t Aodéhf e160cs bREBEEN
sunms of respective de-spread results (correlation values) is output as the

phase differ ensehenfmodens ofedD the | Acqbirdé@cphase thfcmmat?dR Shewnahd
Fig. 2, 5 outputs fromthe PN generator 211 and orthogonal code generator
212 are passedphaseudhffesercei informatilen PR+i-back tel thectermingl210 of
two stages, and spreading codes are generated having +/- half-pitch phases
rel ative stations as the phase jump information PJ-i and phase

5 synchronization control information PC-i, respectively.

By using the above-described structure and
control operation of the base station and by using as the
reference phase the phase of a received signal from thé
terminal station corresponding to the first modem 116-1,

10 synchronization control of received signals of the other
terminal stations is executed. Therefore, received
signals of all terminal stations reach the base station
in an orthogonal staté with each other.

Next, the third embodiment of.the invention

15 will be described. 1In this embodiment, during the
acquisition searching mode, the forward link phase of a
spreading code on the terminal station side is changed to
perform the timing acquisition of the spreading code. 1In
the following description, it is assumed that the refer-

20 ence phase on a reverse link at the base station is equal
to the forward lihk phase.

Fig. 7 shows the structure of the base station
401 according to the third embodiment of the invention.
Constituents corresponding to those of the first

25 embodiment shown in Fig. 1 are represented by identical
reference numerals.

The operation of the base station 401 during

the phase tracking control mode is the same as the first



to the phase of the spreading code at the internediate 10 between two
delay circuits. The spreadi ng code having a forwarded phase is supplied to
mul tipliers 206" and 207' and the spreadi ng code having a del ayed phase is
supplied to multipliers 206" and 207", theyghy to be nmultiplied by the
received signal Rx. The de-spread results of these 15 two series of

circuits are asmboaiméetl, iiid "¢h& sp&ret Bon dARey Pelie Adcdyi freionl ators
208' and 208", simlar to the accunmul ator 208 for the received data. Fig. 3
shows an exanpdeaxdthinge mddeicisirdi Hferdret { erIn nthist erbodi et , 20 '
A signal received at- an antenna 301 is input via a circulator 302 to a

radi o frequencinftdrmationosuppbiedtfronicachmederdlatd &ispekttam)
spreadi ng signal on the baseband. The spectrum spreadi ng signal_on the
baseband is suppl el ¥everse rkinkphase  eyncorontzation reerbreblexi k@3 t

(denodul ating circujt) to be multiplied (first de-spreading processing) by
an orthogoral kﬁxﬂpiﬁ %E%i@ﬂﬁﬁ?téﬁf?ﬁ?? @i °§ﬁ%ﬁ£§% %Bﬂlgghe?a}eﬂ°by an

n) generated during the acquisition searching mode. The
acquisition searching control information SC-i acquired
during the acquisition searching mode is supplied, as
shown in Fig. 8, directly to the frame composition block
10 201 in each modem 126-i.
Fig. 8 shows an example of the structure of the
modem 126-i. As apparent from the comparison to Fig. 2,
a received phasé state decision circuit 233 pf the modem
126-1i of this embodiment performs a.de-spreading process
15 of a received signal Rx by using always-fixed spreading
codes (PN and pseudo noises) output from the PN generator
211 and orthogonal code generator 212, without receiving
an external control signal. This is because each
terminal station transmits a signal while changing the
20 phase of the spreading code during the acquisition |
searching mode. The base station has no function of
actively acquiring a synchronization while changing the
phase of the spreading code. The phase of a PN code PNr
generated by the PN generator and the.phase of an
25 orthogonal code generated by the orthogonal code
generator are both fixed to a predetermined reference
phase. When a synchronization of the phase of the

received signal Rx with the reference phase is acquired,



ort hogonal code generator 313. An output of the first - 15 - multiplier
304 is supplied to a second nmultiplier 305 to be multiplied (second

de- spreadi ng processing) by forward |ink pseudo noi ses PNf generated by a
pseudo-noi se (PN) generator 312. The PN gepgrator 312 is set with noise 5
patterns same as the pseudo noises PNf specific to the forward |ink

gener ated at t¢ige bpeCesvedi @dta ADOPULPUuhadé vaEidecond nultiplier 305 is

i nput to an accunul ator 306 whi ch accumnul ates signals fromthe second

mul tiplier 305 during a firitlbaertonthle pfirst. efibedifentgubtbéat ed signal is
decoded (including error correction and the |like) by a decoder 307 and
supplied to a acemmulbiztionpperiednod| avkagosmuiatorr 438 éepubhedswithn

bl ock 308 separates an _output of the decoder 308 into received_ data 309,
and - de-spreading results of the received signals Rx is

5 changed with the operation mode. For example, this
period may be an eight-symbol period for the acquisition
searching mode and a one-symbol period for the phase
tracking control mode. In this embodiment, during the
acquisition searching mode, the accumulator 238 discards

10 the de-spreading results during a short period, e.g.,
one~-symbol period, necessary for phase updating at the
terminal station, and actually accumulates during the
period of seven symbols. On the assumption that during
the acquisition searching mode, data of consecutive all

15 1’'s is transmitted from a terminal station and the de-
spreading results during the period of seven symbols are
accumulated without using the transmitted bits during the
phase updating period, a gain of a correlation value can
be increased by 8.5 dB so that a timing acquisition

20 probability can be improved. The accumulation timing of
the de-spreading results by the accumulator 238 is
determined for each modem by taking into consideration a
delay time for a signal transmitted from a terminal
station to reach the base station.

25 During the acquisition searching mode, the de-
spreading results of the received signal Rx are input to
the acquisition circuit 234 to determine from thel

correlation value of the de-spreading results whether



15 phase junp signal PJ-i or phase synchronization control instruction
PC-i. The phase junp signal PJ-i is input to an orthogonal code generator
318 and a pseudo noi se generator 321 respectively of a transmi ssion circuit
(nmodul ating circuit). In accordance wth_tfg contents of 20 the phase junp

signal PJ-i, the phases of the orthogonal code W and pseudo noi ses PNr
used for spreagiyhghtdéRDsatidht id0addhdredr 6r CREE Sel yhadigtéedindbeonhase
synchro- nization control instruction PC-i is input to a transm ssion phase
control |l er 3l5resultscaredavetputt &is 28cqhisividenssanthing gbateol
synchroni zation control instruction PC-i, the transm ssion phase controller
315 out puts a toferoatidgndC-PS(i whichois)utedtherfféme adppesibhonof the
phases of the orthogonal code W and - 16 - ﬁseudo noi ses PNr

block 201. The acquisition searching control information

5 8C-i is transmitted to the terminal station, as an
acquisition searching mode termination notice signal when
a synchronization is acquired or as an acquisition
searching mode continuation notice signal when a
synchronization is not acquired.

10 Fig. 9 shows an example of the structure of the
terminal station 402 of the third embodiment. . Consti-
tuents corresponding to those of the first and second
embodiments shown in Fig. 3 are represented by using
identical reference numerals. |

15 - In this embodiment, the frame de-composition
block 308 derives the acquisition searching control
information SC-i (i = 1 to n) mixed with the reception
data transmitted from the base station, and inputs it to
the orthogonal code generator 318 and PN generator 321 of

20 the transmission circuit. In accordance with the
contents of the acquisition searching control information
SC-i, the orthogonal code generator 318 and PN generatoi
321 control the phases of the orthogonal code Wi and PN
codé PNr. For example, while the acquisition searching

25 control information SC-i indicates a continuation of the
acquisition searching mode, the phases of the orthogonal
code Wi and PN code PNr are sequentially slid, for

example, by a half-chip synchronously with the operation



Synchroni zation acqui sition and tracking operations for PN and orthogonal
code used by the de- spreading processing at the reception circuit are 5
performed respectively by an acquisition circuit 314 and a DLL (Del ay Lock
Loop) circuit 310 surrounded by a brokemn Ijggne.in Fig. 3. Simlar to the
recei ved phase state decision circuit 213 of the base station, the DLL

circuit 310 swimlimgp dfaHaligudindiatdie FO¢ GFMaiis Gectlptilkdh dinebwird hogonal
code generator 313 to half-chip delay circuits 311 of two stages to obtain
spreadi ng cod@&pdmwetneptdldn dfl tHeoramuded tadioth deamycddirghamede rel ative to

t he spreadi ng codes (PN and orthogonal code) used for the de-spreadi ng of
recei ved dat a.teirination signdly, dtheaphasesrofisths arthdgonal icode Wi
acquisition state) of the phases between the received signal and

de- spreadi ng @RéeEN iqadeyEiearg alhd Magkehy anrirgegenawrtinp i aode
generator 313 are caontrolled by a phase updating jnstructiqn supplied from
20 the acfui HalforhiR @k tthe nexy, phasg tst?}%féx\/\%‘lw t thereby

synchronize the phases with the phase of the inverse
spreading code at the base station. This phase slide-
back takes into consideration a phase slide of the
spreading code at the base station during the delay time

10 required for the acquisition searching mode termination
signal to reach the terminal station after the synchroni-
zation decision at the base station. Immediately after
the completion of the acquisition searching mode, the
operation transfers to the phase tracking control mode to

15 perform the phase tracking similar to the first and
second embodiments.

According to the first to third embodiments
described above, a signal of each channel on the forward
and reverse links can be made orthogonal so that a signal

20 of a subject channel with high quality can be received
without being interfered by other channels on both the
terminal and base station sides. Since an orthogonal
code is used for both the forward and reverse links, the
number of terminal stations capable of communicating with

25 the base station can be increased and terminal stations
same in number as a processing gain Ean be accommodated
at a maximum.

If the invention is applied to a cellular



phase synchroni zation is acquired, the PN generator 312 and orthogonal code
generator 313 are connected to a loop filter 325. In this state, the
reception signal is de- spread by nmultipliers 304" and 305 wth the
spreading 25 code having a hal f-chip forwsgded phase and by nulti- pliers
304" and 305" with the spreading code having a half-chip del ayed phase. The

phases of PN afisbDIé hegfimah i COEEoR SySosih | Othe dpkdsé hadnt A6l desspread
results of two - 17 - forwarded and del ayed phase series to be obtained

by accumul at orpefDéimeddddNitig depentodgsiabrtén thanta aclsandgéi pgriodcaoft,
transm ssion data 316 is input to an encoder 317 to be encoded (including 5
error correctiohe eommpricakion cendihberaf ( suckpeet fading pprabiopplevo
multipliers 320 and 322. The first nultiplier_320 nultiplies the encoded
transmtting df¥equency shift) at the terminal station. 1In the above
' 5 embodiments, although the same orthogonal code is
assigned to each terminal station for both the forward
and reverse links, different orthogonal codes may be
assigned to forward and reverse links.
In the above embodiments, thé structures of
10 base and terminal stations have been described assuming
that the invention is applied to the radio communication
system shown in Fig. 10. The invention may be applied to
other communication systems. For example, as shown in
Fig. 12, the invention is applicable to a CDMA two-way
15 communication system (CDMA/C system) in which.a base
switching center 403 and a plurality of cell stations 404
of a personal handyphone system (PHS) are interconnected
by a CATV network. In this system shown in Fig. 12, the
base switching center 403 corresponds to the base station
20 401, each cell station 404 corresponds to the terminal
station 402, and the antenna 111 of the base station and
the antenna 301 of the terminal station are replaced by a
cable.
The invention may also be applied to other
25 radio communication systems, for example, wireless local
loop.(WLL) systems in which base and terminal stations

are installed at fixed locations.

It is to be understood that the above-described



by the orthogonal code W assigned to the termnal station to performa
first spectrumspread nodul ation. 10 The next second nultiplier 322

mul tiplies an output of the first nmultiplier 320 by reverse |ink pseudo
noi ses PNr to performa second spectrumspgead nodul ation. In this

enbodi ment, the orthogonal code W generated by an orthogonal code

gener at or 318 emilsbdidmeriits NNt atefiNy 15l higeneativsl df theseriwcipylies of
generator 321 are supplied via delay circuits 319 and 319" to the

nul tipliers 3Zhe2hvémeion grad thaynanp wrasiaticnesmydbaydevisedtbyar e
controlled by the control signal PS-i output fromthe transm ssion phase
control | er 315these tdribled i el the@radichouthdepristing frcmuehet signal
of the second nmujtiplier 322 is converfed into a signal on a transm ssion
frequency bancRATEL (3R oscf‘?%ﬁlc‘gh%l#%‘{ﬁfttm anﬁtﬂfan’é}%ﬁlf?%‘ar?romthe

ant enna 30 a the . c ator 302. 25 bove enbodi nent,
it is poss}’brle”ftoe%‘?ﬁf%hfr AR YaEiy, ta‘s%“%tlé?l’dhc}t‘ﬁge ’or\F/ *é\h?ece: ved

scope of the claims.



____————.’—_—é—_f_ .
signal fromany ternmnal stations with each other, | by (REPLACER SHEETS SG
functio when the acquisition - searchln nDde
transi tgl“lmmmémmm acki ng control nopde at t he g? “5}" P} oR? tolhézg;fg """
transmi s¢i oh phase control to be executed each ﬁét aPrEs "d'l]'f’ rgg """
t he phase tracking control node. Accordingly, the =
per f or mance ofwmkd hpgareh e@seps can be positively mbﬁ'étftandpf‘&egn’smﬁﬂaﬁﬁd """""
signals fromterm nal stations can be prevented frémivermg~rmterfercd W tn
each other. Asiabove, i natdeminbda e dhetidd n descsde ddviseerption
phase is set as a reference phase,by the base station, and the transni ssion
phase of each melviphe amee$swcmmmunamﬂmrmmzsybtemrimhlperﬁénmﬁnge phase.

After the synchroni zation acquisition, the phases of a PN
_ communication between a first station and a plurality of

second stétions, wherein said first station provides a
plurality of channels to each of forward and reverse
links and a pair of forward and reverse channels are
assigned to respective second stations, comprising the
steps of:

transmitting, in said first station, a phase
difference information (PJ-i, PC-i) which indicates a
phase difference between a phase of a spreading code of a
received signal on each reverse channel and a reference
phase of the spreading code for de-spreading said
received signal, via the corresponding forward channel;
and

controlling, in each second station, a phase of
the spreading code of a transmitting signal on assigned
reverse channel in accordance with the received phase
difference information,

wherein the spreading code is selected from
among a plurality of orthogonal codes.
2. A communication method according to claim 1,
wherein the transmitting signals on a plurality of
reverse channels are received at said first station in an
orthogonal state with each other.
3. A communication method according to claim 1 or

2, wherein said phase difference information for each

' T'ms Sheet Has Been Reilaced




generated by the re | on PN generator 211 and an 15 orthogonal code
generate l}ﬁl l“ﬂl“ﬂﬁ@g‘a’fal generator 212, respectively shown in Fig. 2,
are fixe e phase set at the base station, and at this
reference’ phase de-spreadi ng of the receipged signal is perforned. For
exanple, as the reference phase, the 20 phases of orthogonal code and PN
at the base staviersef ahahmelaithdludesmay fliiasts ghashe di f fidyernsecond

enbodi ment of the invention will be described. Fig. 4 shows the structure
of the base statficomatidn @ndsta Seeonsl phases difdiergnoe timfsem@E icgghown in
Fig. 1 are represented by identical reference nunerals. The structure and
operation of Mheneide satigt ifdxsds phases differenssdiinfarmatdon dinddcates hose

of the - 19
the phase difference detected at each reverse channel

during an acquisition searching mode and said second
phase difference information indicates the phase
difference detected at each reverse channel during a
phase tracking mode;

each of said second terminals sets the phase of
the spreading code of the transmitting signal in accord-
ance with the first phase difference information and
adjusts the phase of the spreading code of the
transmitting signal in accordance with the second phase
difference information.
4. A communication method according to claim 1 or
2, wherein said phase difference information for each
reverse channel inciudes a first phase difference
information and a second phase difference information,
wherein said first phase difference information indicates
a completion of timing acquisition of the received signal
on each reverse channel and said second phase difference
information indicates the phase difference detected at
each reverse channel during a phase tracking mode;

each of said second terminals transmits the
transmitting signal which phase is slid by a predeter-
mined amount and sets the phase of the spreading code of
the transmitting signal in'accordance with a received

timing of the first phase difference information and

——

————
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first enbodiment. The different point is that the phase of a transmtting
si gnal frgmn m tion received at one of the nodens (in this
exanpl e, I “ 1mnull1llm - 1) is used as the reference phase to control
the phases*5°® df f'rahsnitting signals froggather termnal stations.
Referring to Fig. 4, the nbdem 116-1 has a DLL circuit and de-spreads a

g

received si gnadiéts €oatpidsé nef tiee phpsesd Dig RRb@@ o prelegonal code so
as to synchronize themwith a received signal fromthe term nal 10
station. |n acoxamsmieting hsidreahias acotoRtames witlhogomasecond phaseat ed
when the synchronization is acquired, the nodem 116-1 generates spreadi ng
code synchronidkfferencen infoxmatieni on CT. In accordance with this
information CT, the other nodenms 116-i (i = 2 15 to n) set the reference
phase of theirdrecepti orhsPREERRHER bheR e FREA NN 7 t FRERAAI SRSTEFUR o
perform the de-spreadi ng, processing_ and rgégived phase state, deci sion

during the ph UGS PR OFY BRI nbRfe . PRF EPTIBIRG SRR EGAREPR BETtYREn

first rTDdemllaaf.s_first station and second stations, comprising the steps

of:

transmitting, in each second station, a
transmitting signal spread with a code Wi assigned to
respective second stationmns, wherein the code Wi is
selected from among a plurality of orthogonal codes which
are orthogonal to each other;

measuring, in said first station, a phase
difference between a phase of code Wi of the transmitting
signal transmitted from each second station and a
reference phase of the code Wi for de-spreading the
transmitting signal, and transmitting a phase difference
information indicating the measured phase difference; and

controlling, in each second station, a phase of
the code Wi of the transmitting signal in accordance with
the received phase difference information.
6. A communication method according to claim 5,.
wherein the transmitting signals from a plurélity of
second stations are received at said first station in an
orthogonal state with eaéh other.
7. A communication method according to claim 5 or
6, wherein said phase difference information for each

second station includes a first phase difference

/
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20 1 shown in Fig. 4 Different points fromthe nodem shown in Fi g, Fig. 2 are
t hat the phase control of the PN generator 211 dmmu mi

generator 212 to be executed by the reception p mﬂﬂ "m n.circuit
223 is performed 25 by using the control-sijgnal frorhthe Acquisition
circuit 214 simlar to the DLL circuit 310 shown in Fig. 3 during the

acqui si tion seatfdrnet srtdeandirgl gErdrod rptthdry di f Berckdroek ofdrmadtddn An
output of the loop filter 215 - 20 - during the phase tracking control
node, and thatwherdir saixhshisst gphase cdﬂﬁiexfe;mﬁ)adckfmatﬁeorpMcates
synchroni za- tion control information to the term nal station is not
perforned but the phasediffergnce detected during jampmeieigitdo®)-1 and

t he phase control information PC-1 supplied to the termnal station.
_ searching mode and said second phase difference

information indicates the phase difference detected
during a phase tracking mode; |

each of said second terminals sets the phase of
the code Wi of the transmitting signal in accordance with
the first phase difference information and adjusts the
phase of code Wi of the transmitting signal in accordance
with the second phase difference information.
8. A communication method according to claim 5 or
6, wherein said phase difference information for each
second station includes a first phase difference
information and a second phase difference information,
wherein said first phase difference information indicates
a completion of timing acquisition of the transmitting
signal from the second station and said second phase
difference information indicates the phase difference
detected during a phase tracking mode;

each of said second terminals transmits the
transmitting signal which phase is slid by a predeter-
mined amount and sets the phase of the code Wi of the
transmitting signal in accordance with a received timing
of the first phase difference information and adjusts the
phase of the code Wi of the transmitting signal in
accordance with the second phase difference information.

9. A communication method in a spread spectrum
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The phase of a received signal mhen the acquisition circuit acquires a
synchroni Zaﬂ"““m e loop filter 215. By using this phase as a
ref erence ‘m’m(ﬂmrt he PN generator 211 and orthogonal code
gener at or 212 &re‘coht rol. I*ed through feedbggk. The phases of these

generators are sent to the other nodens 116-i (i = 2 to n) as the spreading
code synchroni cotmani ¢avicy sy oembtopnpédfodbing communicdt fon bbébtwasnan
exanpl e of the structure of the nobdem 116-i (i = 2 to n) other than the

first nodem 118-fis$sowstabidn gand. s&bendt seatiions si tomprisingi th@ldteps
acquires a synchroni zation during the acquisition searching node, a 20
di fference bet®Btn the current phases of the PN generator 211 and

ort hogonal code generator 212 and the reference phase indicated by the
spreadi ng code synchronlEﬁfﬁﬁmlFFh¥%g iR gPRFL CTerendseBaRioR hed abaNFed

h f - h ti t the PN 25
Generator 212 BHICEREIBLERAT SBERRGoRLFa b Peteagfng gode; | O 1

performing, in said first station, a timing
acquisition of the transmitting signal from each second
station and transmitting a first phase difference
information which indicates a phase difference between a
phase of the spreading code of the transmitting signal
and a reference phase of the spreading code for de-
spreading the transmitting signal on the timing
acquisition;

setting, in each second station, the phase of
the spreading code of the transmitting signal in
accordance with the first phase difference information;

performing, in said first station, a phase
tracking of the transmitting signal from each second
station and transmitting a second phase difference
information which indicates a phase difference between a
phase of the spreading code of the transmitfing signal
and a reference phase of the spreading code for de-
spreading the transmitting signal during the phase
tracking;

adjusting, in each second station, the set
phase of the spreading code of the trahsmitting signal in
accordance.with the second phase difference information.

10. A communication method in a spread spectrum

This Sheet Has Been Reilaced

N lIIIIl Il




phase stéTE'HEErgraﬁjajiiﬁl 224 execute the feedback control by using as

the refer se represented by the spreadi ng code

synchroni mammn‘ﬂ\““w 21 - signal CT. Different fromthe first nodem
116-1, these ot hér ftod&nms feed the acqui Legsphase information SP-i and
phase difference information PD-i back to t%e termnal stations as the

phase junp i nfgémm@éhPfation Q?Qtéﬁaﬁér%éﬁﬂéfﬁ@ﬁbzééhﬂﬁnﬂeatiah bateesnt i on
PC-i, respectively. By using the above-described structure and control

operation of thefpbase station and bgcofdngtasibhe,rebmpensenghéhe bhepphase
of a received signal fromthe termnal station corresponding to the first
nodem 116-1, 16fsynchroni zati on control of received signals of the other
termnal stations is executed. Therefore, received signals of all termna
stations reach the base trangmhtting, in each second station, a trans-
mitting signal spread with a spreading code which phase
is slid by a predetermined amount;
performing, in said first station, a timing
acquisition of the transmitting signal from each second
station and transmitting a first phase difference
information which indicates a completion of the timing
acquisition of the transmitting signal;
setting, in each second station, the phase of
the.spreading code of the transmitting signal in
accordance with the received timing of the first phase
difference information;
performing, in said first station, a phase
tracking of the transmitting signal from each éecond
station and transmitting a second phase difference
information which indicates a phase difference between a
phase of the spreading code of the transmitting signal
and a reference phase of the spreading code for de-
spreading the transmitting signal during the phase
tracking;
adjusting, in each second station, the set
phase of the spreading code of the transmitting signal in
accordance with the second phase difference information.

11. A communication method according to 9 or 10,

wherein the spreading code is selected from among a
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in an orthogonal state with each other. Next, the third enbodi nent of the
I nvent |Immﬁmlmm cribed. In this enbodinent, during the acquisition
sear chi , l " Eﬁrd i nk phase of a spreading code on the termna
station %i de its Bhahged to performthe tiLnggg-acquisition of the spreading
code. In the follow ng description, it is assuned that the refer- 20 ence
phase on a revplaealiti 6f bbehbgonakitebdes whiehuaret orthegbanadard |ink
phase. Fig. 7 shows the structure of the base station 401 according to the
t hird enbodi neeachfotherinventi on. Constituents corresponding to those of
the first 25 enbodi nent shown in Fig. 1 are represented by identi cal
reference nuneldks. The Apepmmppicatieonemphbedsagcpsdingltaurilagm Aeophase

tracking control node is the sane as the first .
0, wherein said first station calculates a first de-

spread result of the transmitting signal with the
spreading code which phase is forwarded by half-pitch and
a-second de-spread result of the transmitting signal with
the spreading code which phase is delayed by half-pitéh;
and

outputs the second phase difference information
as the differénce between the first and second de-spread
result. |
13. A code division multiple access communication
system comprising a first station and a plurality of
second stations, the first station providing a pluralify
of channels to each of forward and reverse links and a
pair of forward and reverse channels being assigned to
respective second stations, wherein:

said first station includes demodulator whiéh
de-spreads a received signal on each reverse channel and
measures a phase difference between a phase of a
spreading code of the received signal and a reference
phase of the spreading code for de~spreading the received
signal; and

said each second station includes a modulator
which spreads a transmitting data with the spreading code
whose phase is variable; |

wherein the spreading code is selected from
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- 22 - enbodinent, and the operation during the acqg;;L?ngjggﬁéj[ggfnnde
Is different. In this enbodi nent, information suppl+ om each nodem
116-i (i =1 to n) to the reverse |link phase synchroni [ r 103
5 is only the phase difference informatiQn3zBD.i (i =]}!i@gl‘ﬂﬂ!mm‘mmﬁ
during the acquisition searching node. The acquisiti chimg €tomro

i nformation SCamoagysl pgdrduriitggotfhar@mgbahui edqeear ching node is
supplied, as shown in Fig. 8, directly to the frane conposition block 10
201 in each noddm 126-i . AFcgdeS8dikdsiocanmaiziple aiccelss sommunicatdion he
nodem 126-i. As apparent fromthe conparison to Fig. 2, a received phase
state deci si onsystem acz®3dingt te wdadm 136- whefrelini saddbowidwdatorecfor ns a
de-spreadi ng process 15 of a received signal Rx by using always-fixed
spreadi ng codeSaipNeash gsecond sépidop Sprsadsf the tranemigddadadatar11 and

ort hogonal code generator 212, wi thout receiving an external control
signal. This iglggc§a§esg§@ﬁd1ng code whose phasSe is set in accordance

with a phase difference information indicating the
measured phase difference in said first station.
15. A second station for performing coﬁmunication
with a first station comprising:

a spreading code generator which geherates a
spreading code assigned to said second station; and

a modulator which spreads a transmitting data
withe the generated spreading code;

wherein a phase of the spreading code for
spreading the transmitting data in the modulator is
variable.
16. A second station according to claim 15, wherein
the spreading code is selected from among a plurality of
orthogonal codes.
17.. A second station according to claim 15 or 16,
wherein the phase of the spreading code for spreading the
transmitting data in the modulator is controlled in
accordance with a phase difference information trans-
mitted from the first station.
18. A second station according to claim 17, wherein
said phase difference information includes a first phase
difference information and a second phase difference

information, wherein said first phase difference
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termnal station transmts a signal while changing the 20 phase of the

spreading c quisition searchi ng node. The base station has
no functi on ﬂmﬂ ﬂﬂmm& iring a synchronization while changing the
phase of the+spread The phase of. ggPN code PNr generated by the PN
generator and the phase of an 25 orthogonal code generated by the

orthogonal coddngoimadlion dndikelites ithed phase AiFiRhtniddevaftRience
phase. When a synchroni zati on of the phase of the received signal Rx with
the reference gpuaimng smagguisdtion -sed¥chimge modeeianeld sadida sExdrids nmade
valid. Simlar to the first enbodi nent, the accunul ati on period of an
accunul at or 23Phiaseudidd exeniceddnfiommadiiiog rdeslilcasesf thiee phess ved si gnal s

Rx is 5 changed with the operation nbde. For exanple, this
difference detected during a phase tracking mode; and

the phase of the spreading code for spreading
the transmitting data is set in accordance with the first
phase difference information and adjusted in accordance
with the second phase difference information.
19. A second station according to claim 18, further
comprising a delay circuit which delay the generated
spreading code and input the delayed spreading code to
the modulator,

wherein said spreading code generator generates
the spreading code with a phase set in accordance with
the first phase different information, and a delay amount
of'éaid delay circuit is set in accordance with the
second phase different information.
20. A second station according to claim 17, wherein
said phase difference information includes a first phase
difference information which indicates a completion of
timing acquisition of the transmitting signal from the
second station; and

said spreading code generator generates the
spreading code which phase is slid by a predetermined
amount until the second station receives the first phase
different information, and set the phase of the spreading
code for spreading the transmitting data in accordance

with a received timing of the first phase different
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period may be an ei ght-synbol period for the acquisition searching node and
a one- sy:m],mmu '""[ m e phase tracking control node. In this

enbodi e ui sition searching node, the accumul ator 238

di scards 10 the"de" spredding results durnga_short period, e.g.,

one-synbol period, necessary for phase updatlng at the termnal station,

and actual ly agges¥hmatesnduri ng the period of seven synbols. On the
assunption that during the acquisition searching node, data of consecutive

all 15 1's is2itansnittrdsétomiastatibnahcebaliing €6dcliemdeo,sgueatehg
results during the period of seven synbols are accunul at ed wi t hout usi ng
the transm tt edohbptrisiingi agdehaypbaseuipdehinoly delagdthe generated
correlation value can be increased by 8.5 dB so that a timng acquisition
20 probabi | i t yspusadéngnpedecandThaputcthel delayedi aprgadinghgode- $pr eadi ng
results by the accunul ator 238 is determ ned for each nodem by taking into
consi der ati on &h@ePaguipkeTior a signal transnitted from a terninal statlon

to reach the base station
wherein said phase difference information

includes a second phase difference information which
indicates the phase difference detected during a phase
tracking mode; and

a delay amount of said delay circuit is set in
accordance with the second phase different information.
22, A.second station according to claim 18 or 19,
wherein the transmitting data are fixed as consecutive
symbols during the acquisition searching mode.
23. A second station according to claim 20 or 21,
wherein the transmitting data are fixed as consecutive
symbols before the completion of timing acquisition.
24. - A system for modulating an transmitting data in
a spread spectrum communication system, comprising:

an orthogonal code generator which generates an
orthogonal code;

a pseudo-noise (PN) code generator which
generates a PN code; and

a modulator which spreads the transmitting data
with the generated orthogonal code and the generated PN
codé;

wherein phases of'generated orthogonal code and

PN code are variable.
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25 During the acquisition searching node, the de- spreading
results of the received signal Rx are input to the acgunwﬂmmmmﬂm 234
to determine fromthe correlation value of the de-spr " et her
- 24 - synchronization is acquired or not. 3ghe deternination résufts*are
out put as acquisition searching control information SC-i (i = 1ton) to

the frame conpesi.tion bl aclyd@ém &keoz@duigsitbi 0a,sEarthenrd compirieling:
information 5 SC-i is transmtted to the term nal station, as an
acqui si tion searchi ng node ftiesti daflagn ciecnde shdehl deflaysathenchroni zation
I's acquired or as an acquisition searching node continuation notice signal
when a synchr ogererased ortbogengdi cede apd input the Hegay@dshows an
exanpl e of the structure of the terminal station 402 of the third

a second delay circuit which delays the
generated PN code and input the delayed PN code to the
modulator.

26. A system éccording to claim 25, wherein phases
of the generated orthogonal code and the generated PN
code are equal to each other; and

Delay amounts of said first delay circuit and
second delay circuit are equal to each other.

27. A first station for performing communication
with second stations via a plurality of forward channels
and reverse channels comprising:

a demodulator which de-spreads a received
signal on eéch reverse channel with a first spreading
code corresponding to the reverse channel;

a phase synchronization controller which
generates phase difference information indicating a phase
difference between a phase of the first spreading code of
the received signal and a reference phase of the first
spreading code for de-spreading the received signal;

a modulator which spreads the phase difference
information with a second spreading code corresponding to
each forward channel.

28. A first station according to claim 27, wherein

said first and second spreading codes are selected.from
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tuents corresponding to those of the first and sec
Fig. 3 are represented by using identical reference nunerals.

In this enbodi ment, the frame de-conposition bl ock Sﬂ'llmmm/mu(&ma,wn

acqui sition searching control information 3@ i h the
reception data transmtted fromthe base statlon and |nputs it to {he

ort hogonal codem@@@eEa@QMrﬁiﬁtqndfPNrgangbmharc&ﬂbsof 20 the transm ssion
circuit. In accordance with the contents of the acquisition searching
control inforn@9i.on SCi A tfhersdr sttagdionl acededjagetat erlaiis 2dndPR8,
generator 321 control the phases of the orthogonal code W and PN code PNr.
For exanpl e, whurdhere coppyisiimgsn searching 25 control information SC i

i ndi cates a continuation of the acquisition searching node, the phases of

the orthogonal code W afdasQudsddion cimeuddyubdchanerfomms & dimingm e,

by a hal f-chip c%%&gr ?%%FB% W%%Pr%@%1%%%rgab%gl and detects a phase

in

difference between a phase of the first spreading code of
the received signal and a reference phase of the first
spreading éode for de-spreading the received signal; and
.a phase state decision circuit which performs a
phase tracking of the received signal and detects a phase
difference between a phase of the first spreading code of
the received sigﬁal and a reference phase of the first
spreading code for de-spreading the received signal.
30. A first station according to claim 27, 28 or
29, wherein the same phase as the phase of the second
spreading code for spreading the phase difference
information on the forward channel or as the phase of the
first spreading code for de-spreading the received signal
on one of reverse chahnels is set as the reference phase
of the first spreading code for de-spreadihg the received
signal.
31. A first station according to claim 27, 28, 29
or 30, wherein the timing acquisition is determined by
setting the accumulation period in a de-spreading
processing for the received signal on the reverse channel
longer than an one-symbol_data period.
32. A communication method in a spread spectrum.

communication system for performing communication between
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- 25 - timng of the accunulator 306 of the reception circuit. Upon

recept i on“mﬂ)mmnmmnon searching node term nation signal, the phases
of the or and PN code PNr are slid back by an integer
multiple of a 5 'hal"f-Ehip at the next phasggshift timng to thereby
synchroni ze the phases with the phase of the inverse spreading code at the

base station. Bahifg rghtastatlioneandasecondes tatlioneQn Toiprdlsioy ahhatrpd i de
of the spreading code at the base station during the delay tinme 10
required for thk&€sacquisition searching node term nation signal to reach the
termnal station after the synchroni- zation decision at the base station.
| medi ately after the corgrasisimdrrtdingt lae tragsindititiiog sdgnelli spneaade wittihe
operation transfers to the phase tracking control node to 15 performthe
phase tracki ngasicedeaWit @ssigned: O FRFPSStdNg Efsedcmead-ioRcooMiiarino
the first to third enbodi.ments )
the code Wi is selected from among a plurality of
orthogonal codes which are orthogonal to each other;
receiving a phase difference information
indicating a phase difference between a phase of code Wi
of the transmitting signal and a reference phase of the
code Wi for de-spreading the transmitting signal; and
controlling a phase of the code Wi of the
transmitting signal in accordance with the received phase
difference information.
33. A communication method in a spread spectrum
communication system for performing communication between
a first station and second stations, comprising the steps
of:
receiving a received signal transmitted from
each second stations, wherein the received signal is
spread with a code Wi assigned to respective second
stations:
measuring a phase difference between a phase of
code Wi of the received signal and a reference phase of
the code Wi for de-spreading the received signal; and
transmitting a phase difference information

indicating the measured phase difference,

wherein the code Wi is selected from among a
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descri bed above, a signal of each channel on the forward and reverse |inks
can be made orthogonal so that a signal 20 of a subj ' hi gh
gquality can be received w thout being interfered by Hm mgmnﬁ“ﬂ“ bot h
the termnal and base station sides. Singeggn_orthogoralccodem ssused for
both the forward and reverse links, the nunber of term nal stations capable
of comuni cat i pQuiallll t35 oft b thdgRnallaidodesC Whike dTE AN 1t &fgn nal
stations same in nunber as a processing gain can be acconmpdated at a

maxi mum |f theacherthean is applied to a cellular - 26 - nmobile
comuni cati on system the phase control is performed during a period
shorter than a change period of the communication conditions (such as

fadi ng or Doppler frequency shift) at the termnal station. In the above
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5 enbodi nents, although the sane orthogonal code is assigned to each
termnal station for both the forward and reverse |inks, different

ort hogonal codes may be assigned to forward and reverse links. In the above
enbodi nents, the structures of 10 base amd4perni nal stations have been
descri bed assuming that the invention is applied to the radi o comnmuni cation
syst em shown | ABBITBACTOOFTIFHEI DEISALOSURERY be applied to ot her

comuni cati on systens. For exanple, as shown in Fig. 12, the invention is
applicable to a CDVA t winagD¥s coomuniaceiiobs,sgsbase( SORBACHs detedksi n
whi ch a base switching center 403 and a plurality of cell stations 404 of a
personal handygh8a&éfeyenem bermpenr @ rrferessrephagenPiaacaPYea8ingrk. In
this systen1showg in Fig. éZ, t he base swﬁtghing cint r 40g correspqQnds to
the base statiGR4%0ando¥ PEASR &l B TesPi¥Rd4649REL, 85p6RGD termiBaler ni nal

Fhot N 402 AR S obhE B phlSeDTige" b Ehna 232 ecRRlERta 00 O
tive of the phase difference back to each terminal
station. After timing acquisition, the reception
operation is.performed uSing the reference phase, and a
shift amount between the phase of a received signal and
the reference phase is fed back to each terminal station
as phase synchronization control information PC-i. Each
terminal station coarsely adjusts the phase of the
spreading code in accordance with the phase jump signal
PJ-i, and thereafter finely adjust the phase of its
transmitting'signal in accordance with the phase synchro-
nization control informatidﬁ PC-i. It is therefore
possible to synchronize the phases of signals transmitted
from terminal stations and received at the base station.
Accordingly, an orthogonal code is used for spreading on

reverse links.
—_—

—
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.The invention may al so be applied to other 25 radi o communi cation systens,
for exanple, wreless local |Ioop (WL) systens in which base and term nal
stations are installed at fixed |locations. It is to be understood that the
above-descri bed - 27 - enbodinents are nerely illustrative of the
principles of the invention and that ?epx vari ati ons may be devised by
those skilled in the art w thout departi d fromthe spirit and scope of the
invention. It is therefore 5 intended that such variations be included

w thin phe scope of the cl ains. VWHAT IS CLAIMED | S
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1. A communication nmethod in a spread spectrum comruni cati on system for
perform ng comuni cation between a first station and second stations,
conprising the steps of: transmtting, in each second station, a first
signal spread with a spreading code generated by a spreading code
generator; performng, in the first statl q a timng acquisition of the
first signal fromeach second station &4d transmtting first phase
difference information which indicates a phase difference between a phase
of the spreading code of the first signal and a reference phase on the
timng acquisition; setting, in each second station, the phase of the
spreadi ng code generated by the spreadi ng code generator in accordance with
the first phase difference informatio %; nsmtting a second signal
spread with the spreadi ng code havi ng the se phase performng, in the
first station, a phase tracking of the second signal from each second

station and transn1tt|ﬁg—second—ph2i5—dr++er§RﬁSﬁﬁﬂHmﬁnnﬁﬂmT1Mﬁ1ﬂ1
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di fference between a phase of the spreading code of the second signal and
the reference phase; setting, in each second station, a delay anount of a
delay circuit in accordance with the second phase difference information,
the delay circuit adjusting the phase of the 29 spreadi ng code of a
signal transmtted to the first statiog31 2, ,A conmuni cation net hod
according to claiml1l, wherein the spre /hb1code Is selected fromanong a
plurality of orthogonal codes which are orthogonal to each other. 3.
A commruni cation method according to claim1, wherein the first station
calculates afi|st de-spread result of the second signal w th the spreading
code whi ch ph i30forwarded by half-pitch and a secondﬁ pr@ad resul t

of -the second |signal with the spreadi ng code which phase is deéel dyed by
hal f- pitch; gnd
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out puts the second phase difference information as the difference between
the first and second de-spread result. 4. A comunication nmethod in a
spread spectrum conmuni cation system for perform ng comruni cati on between a
first station and second stations, conprising the steps of: transmtting,
in each second station, a transnittingAiyqnil spread with a spreadi ng code
whi ch phase is slid by a predeterm ned™mount; performng, in said first
station, a timng acquisition of the transmtting signal fromeach second
station and transmtting a first phase difference information which

I ndicates a conpletion of the timng aﬁgntiition of the transmtting

si gnal ; 30 setting, in each seco { o8 on, the phase of the
spreadi ng code of the transmitting signal in accordance mﬁﬁh /:;:;7
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the received timng of the first phase difference information; perform ng,
in said first station, a phase tracking of the transmtting signal from
each second station and transmtting a second phase difference information
whi ch indicates a phase difference between a phase of the spreadi ng code of
the transmtting signal and a referenég/ph se of the spreading code for
de-spreading the transmtting signal 'hg t he phase tracking; adjusting,
i n each second station, the set phase of the spreading code of the
transmtting signal in accordance with the second phase difference

i nformation. 5. A conmunication nmethod according to claim4, wherein the
spreadi ng code is selected fromanong a plurality of orthogonal codes
which are orthogonal to each ot herFJEA ontruni cati on et hod
according to claim4, wherein the first calculates a first
de-spread result of t he transmtting signal wth the spreadi ng code which
phase is forwarded by haLL-pLLch_and_a_second_de.spLaad—LesuLL-gi_the

transmitting signal wth the spreaﬂ%ﬂ@ code ﬁ%p&h phase is
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del ayed by hal f-pitch; -and outputs the second phase difference information
as the difference between the first and second de-spread result. 7. A
second station for perform ng communication with a first station,

conpri si ng: a spreadi ng code generator which generates a spreading code
assigned to the second station and havkgg phase set in accordance wth
a first phase di fference I nf-or ma nlthransnmitted fromthe first

station, wherein the first phase difference information indicates a phase
difference on the timng acquisition between a reference phase and the
phase of the spreading code for the first spectrum spreading signal whi ch
Is transmtted fromeach second station and received by the second station;
a nodul at or which spreads a transn1tt|F§| gdﬁmtklthe gener at ed spreadi ng
code; and : '
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a delay circuit which adjusts a phase of the spreading code of a spectrum .
spreadi ng signal spread by the nodul ator in accordance with a second
phase difference information transmtted fromthe first station, wherein
t he second phase difference information indicates a phase difference during
t he phase tracki ng between the referen pﬂqse and the chase of the
spreadi ng code for a second spectrun1s§féa I'ng signal which is transmtted
from each second station and received by the first station. 8. A second
station according to claim7, wherein the spreading code is selected from
anong-a plurality of orthogonal codes. 9. A second station for performng
comuni cation with a first stationtannleang7' 32 a spreadi ng code
generator which generates a spreading .
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code assigned to the second station, the spreading code generator. slides a
phase of the spreadi ng code by a predeterm ned anmount until receiving a
first phase difference information transmtted fromthe first station,
wherein the first phase difference information indicates a conpletion of
timng acquisition of the transmtting siqn | fromthe second station; a
nodul at or whi ch spreads a transnittingBdéta with the generated spreading
code; and a delay circuit which adjusts a phase of the spreadi ng code of
the transmtting signal spread by the nodulator in accordance wth a
second phase difference information transmtted fromthe first station
wherein the second phase difference in uggtigr I ndi cates a phase '
di fference during the phase tracking b R ref erence phase and the
phase of the spreading code for the transmtting signal which is
transmtted fromeach second station_and recejved by the first station. 10.
A second station according to clainp@qfurthePQ@nprising
et W ad
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a delay circuit which-delay the generated spreading code and i nput the

del ayed spr.eadi ng code to the nodul ator, wherein said phase difference

i nformation includes a second phase di f ference i nformation which i ndi cates
the phase difference detected during a phase tracking node; and a del ay
anount of said delay circuit is gﬁ 1n accordance wth the second
phase different information. 11. A sec 6‘Etat|on according to claim9,
wherein the transmtting data are fixed as consecutive synbols before the
conpletion of timng acquisition. 12. A first station for performng
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acqui sition of the received signal and detects a first phase diff.erence

bet ween a phase of a spreading code corresponding to a reverse channel for
the received signal and a reference phase; a phase state decision circuit
whi ch perforns a phase tracking of the received signal and detects a second
phase difference bet ween t he phgﬁf qf t he spr-eadi ng code
corresponding to a reverse channel for {hb recei ved signal and the

ref erence phase; a phase synchronization controller which generates a first
and a second phase difference information respectively indicating the first
and the second phase difference; a nodul ator which spreads the first or the
second phase difference information with a spreadi ng code corresponding to
a forward channgl for transmtting the first or the second phase difference
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13. Afirst station according to claim 12, wherein said spreading code is
selected fromanong a plurality of orthogonal codes. 14. A communi cation
met hod in a spread spectrum comunication system for performng

conmuni cation between a first station and second stations, conprising the
steps of: transmtting, in each second ix?t'on, a first spectrum spreading
signal; performng, in the first statiB ,'a timng acquisition of the first
spectrum spreadi ng signal fromeach second station and transmtting a first
phase difference information which indicates a phase difference between a
phase of a spreading code for the first spectrum spreading signal and a -
ref erence phase on the timng acquisition; setting, in each second station,
a phase of a spreading code generated by a spreadi ng code generator in
accordance with the first phase difference information and transmitting a
second spectrum spreadi ng signal spread with the spreadi ng code generated
by  t he spreadi ng code generator; ' : :

FIG. 12
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performng, in the first station, a phase tracking of the second spectrum

sprieading signal” from each second station and transmtti
difference inf rqﬁ Igeé@[rﬁeﬁkbea ndi cates a phase di fferencggmggmE §E E

T

of a spreading second spectrum ppseadi ng sijgrjal and t he
ref erence phas hase tracking; setting, in da h G4c5B8 8824t {on,
a del ay anount rcuit I n accordance with thgq qecond phase

di fference |nfornat|on the delay circuit adjusts a phage o I q@fn
code of a spectrunlspreading signal transmtted to the fl A

conmuni cati on nethod accor dirig SQMNECATION SYSITEM @D MEWOBPr eadi ng code i s
sel ected fromanong a pluralrtty of ortﬁogonal codes whi ch ar e orthogonal to

each other. 16. A _communi cation net hod according to clai

first station cBRCEFRPUNDLOF| THE JBVENTION result of the 11

Field of the Invention

(0 Q-

The present invention relates to a communica-
tion system using CDMA (Code Division Multiple Access)

5 and a control method of tracking the phases of'spreading
codes.
Description of the Related Art

CDMA is used for multiplexing a plurality of

communication channels on the same frequency band by
10 using 2 plurality type of different spectrum spreadiﬁg
codes.

A base station spreads a transmitéing signal to
each terminal station by multiplying the transmitting
signal by a spreading code specific to each communication

15 <channel, and transmits a multiplexed signal in the form
of a plurality of mixed spread signals of cqmmnnication
channels by using a single carrier frequency. Each
terminal station de-spreads a received signal by multi-
plying the reception signal by the code (de-spreading

20 code) specific to its éommunication channel and same as
the sprea&ing code used by the base station, to thereby
derive only a correlated signal of its channel. 1In this
case, other channel signals are not correlated and become
noise components because different spreading codes a;d

25 de-spreading codes are used. The level of noise



second spectrun1spread|ng signal with the spreading code for the second
spéct rum spreadi ng signal which phase is forwarded by half-pitch—and o
second de-spread result of the second spectrun1spread|1BEBUﬁﬁHMENItSHEfE
spreadi ng code for the second spectrunggpreadi ng signa

del ayed by hal f-pitch; and outputs theSecond phase di f-r nﬁg¥nﬂﬁgﬁ"
as the difference between the first and second de-spre@d]r¢ =
comuni cation nethod in a spread spectrum comuni cati oh $yst-e
- perform ng communi cati on between a first station and swcond stations,
conprising the steps of: in an asynchronous state bet
spreadi ng code for a first s ctrun1s readlng naI and a reference phase,
wherein the first spectrun1§5@% METHPRY from each second
station and received by the first 36 )

ABSTRACT OF THE DISCLOSURE

In CDMA communications, a base station detects
a-difference between a reference phase of a spreading
code and a phase of a received signal of each terminal
station, and feeds a phase jump signal PJ-i representa-
tive of the phase difference back to each terminal
station. After timing acquisition, the reception
operation is performed using the reference phase, and a
shift amount between the phase of a received signal and
the reference phase'is'fed back to each terminal station
as phase synchronization control information Pc-i.- Each
terminal station coarsely adjusts the phase of the
spreading code in accordance with the phase jump signal
PJ-i, and thereafter finely adjust the phase of its
transmitting signal in accordance with the phase synchro-
nization control information PC-i. It is therefore
possible to synchronize the phases of signals transmitted
from terminal stations and received at the base station.
Accordingly, an orthogonal code is used for spreading on

reverse links.

Figure 1



station, perforn1ng,“ in the first station, a timng acquisition

of the flrst ‘spect rumispr eadi ng si-gnal “and transmtting a first phase
difference information which indicates -a phase difference between the phase
of the spreading code for the first spectrum spreadi ng signal and the
reference phase on the timng acquisition; and setting, in each second
station, a phase of a spreadi ng code genesated by a spreadi ng code
generator in accordance with the first phase difference information; in a
synchronous state between a phase of a spreading -code for a second spectrum
spreadi ng signal and the reference phase, wherein the second spectrum
spreading signal is transnmtted fromeach second station and received by

the first station, perforning,covl dduiiicaiios st and MASS tracking of
t he second spectrunlspreadlng signal and transnrtting a second phase
difference I nformati on which I ndi cat es a phase difference between
t he phase of the spreading code for the second spectrum spreadi ng signal

and the ref er enc ARSPRACT UDF "DHE hBISOBOSUREAcCKi ng; and
In CDMA communications, a base station detects

a.difference between a reference phase of a spreading
~code and a phase of a received signal of each terminal
station, and feeds a phase jump signal PJ-i rgprésenta-

N\ tive of the phase difference back to each terminal
station. After timiﬁg-acquisition, the receptién
operation is -performed using-the reference phase, and a
shift amount'between the phase of a received signal and
the reference phase is fed back to each terminal station
as phase synchronization control information Pc-i.. Each
terminal stétion coarsely adjﬁsts the phase of the
spreading code in accordance with the phase jump signal
PJ-i, and thereafter finely adjust the phase of its
tfansmitting signal in accordance with the phase synchro-
nization control information PC-i. It is therefore
possible to synchronize the phases of signals transmitted
from terminal stations and received at the base station.
Accordingly, an orthogonal code is used for spreading on

reverse links.
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settin tion, a delay anouni—af _a _delay cij rﬂ?q-m,b{ "‘05

..accordan t he second phase difference infor REPLAGEMENT SHEEYS ci r8Gii t 1
adj ust s MB ”ﬂ” ad| ng code of a spectyr denga@dg%to paged ..... '
stati on. 37818. Ajc (At | opagediZdtd paged 5. |

‘according to clai m 17, wherein the spreading qo?)w:agdsycpﬂgidfr Ot p@ag...a '
plurality of orthogonal codes which are or]t Boabstadct t@?a
he fi rst

19. A comugrzeatricoaramspdsaccordi ng to cl ai mjl7, vvherel n
calculates a first de-spread result of the fin

at i onf
fﬁf{ﬁ al
wi th the spreading code for the first spectrun ' ﬁfm.z.h_m.as.a
Is forwarded by half-pitch and a second de- spread result of the first
spectrum spr ealicegmahycadiod ethb® fxprecapread apdetion ¢dmemfnicatispect rum
spreadi ng signal which phase is del ayed by half- :
system for performing communication between a first station

and second stations, comprising the steps of:

transmitting, in each second station, a first signal
spread with a spreading code generated by a spreading code
generator;

performing, in 'the first station, a timing acquisition
of the first signal from each second.station and transmitting
firsé phase difference information which indicates a phase
difference between a phase of the spreading code of the first
signal and a reference phase on the timing ac&;uiéit’ion,-

setting, in each second station, the phase of the
spreading code geherated by the spreading code generator in
accordance with the first phase difference information and
transmitting a second signal spread with the spreading code
having the set phase;

performing, in the first station, a phase tracking of
the second signal from each second station and transmitting
second phase difference information which indicates a phase
difference between a__-phase of the spreadiﬁg code of the second
signal and the refere‘n_c.e phase;

setting, in ea;:h. second station, a delay amount of a
delay circuit in acaordance with the second phase difference

information, the delay circuit adjusting the phase of the
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pitch; and outputs the second phase difference information as the
difference between the first: and second de-spreadtestt- A

comuni cation nethod in a spread spectrum comuni ¢ tIOI’l Smst em or

perform ng communi cation between a base28tation an ,ﬂﬂ" ill"jm,"mp
I rst

conprising the steps of: transmtting, in each ter
signal spread with a spreading code generated by a spreadlng code
generator; performng, in the base station, a timng acquisition of the
first signal fromeach termnal station and transmtting a difference

i nformation hetaprngt Beaéi 65taSkonall adnemieted enerrdn filrett istabgon.
acquisition; setting, in each termnal station, the phase of the spreading
code generatgd RYcbhturbi¥a@adhnNgeERse Yedvradng ton clasar daneheweim the first
di fference information and

spreading code is selected from among a plurality of

orthogonal codes which are orthogonal to each other.
3. A communication method according to claim 1, wherein the
first station calculates a first de-spread result of the
second signal with the spreading code which phase.is forwarded
by half-pitch and a second de-spread result of the second
signal with the spreading code which phase is delayed by half-
pitch; and

outputs the second phase difference information as the
difference between the first and second de-spread result.
4. A communication method in a spread spectrum communication
system for performing communication between a first station
and second stations, comprising the steps of:

transmitting, in each second ‘station, a transmitting
signal spfead with a spreading code which phase is slid by a
predetermined amount;

performing, in said first station, a timing acquisition
of the transmitting signal £from .eaeh second station and
transmitting a first phase difference information which
indicates a completion of the timing acquisition of the

transmitting signal;
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transmtting a second signal spread with the spreading code having the set
phase; perform.ng, in-the base station, a tracking of the second signal

fromeach termnal station and transmtting seconfﬂ nﬂ"" ' rmation
bet ween the second signal and the referéhce; settill ﬂlltﬂlllg IL nal :

station, a delay ampunt of a delay circuit in accof dahce wi"t ht h& second
difference information, the delay circuit adjusting-the phase of the

spreadi ng code ofggktShghal i r RASHI té&brico bbgrdvise that iphase2lofA the
conmuni cati on nmethod according to claim20, wherein the spreading code is

sel ected frogp,aRRAgachher 8t i tie Of radisiiegona| sinas ishiateozdance thigonal to
each other. Z22. A communi cation nethod according to claim 20, wherein the

base stati ongal @ekdies tindingSbs denes Fieat plesd didfetdrresdadodmsiipmal with
t he spreadi ng code whose phase is forwarded by half-pitch and a second

de-spread result gérdditingrons saphatimdt hetatdonpr eaghage codeckingseohhase
I s delayed by half-pitch; and-

the transmitting signal from each second station and
transmitting a second phase difference information which
indicates a phase difference between a phase of the spreading
code of the transmitting signal and a reference phase of the
spreading code for de-spreading the transmitting signal during
the phase tracking;

adjusting, in each second station, the set phase of the
spreading code of the transmitting signal in accordance with
the second phase difference information.
5. A communication wmethod according to claim 4, wherein the
spreading code is selected from among a plurality of
orthogonal codes which are orthogonal to each other.
6. A communication method according to claim 4, wherein the
first station calculates a first ,de-spread result of the

~ transmitting signal .with the spreading code which phase is

forwarded by half-pitch and a second de-spread result of the
transmitting signal with the spreading code which phase is
delayed by half-pitch; and

outputs the second phase difference information as the
difference between the first and second de-spread result.

7. A second station for performing communication with a first

station, comprising: I —
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t he base station—eutputs—the—second difference information as the

di fference between the first and second de- spread result. 23. A term nal
station forclmu ﬂtl HI)Wm cation with a base station, conprising: a
spreading c ch generatedl a spreading code assigned to the
t er mi nal statl on and aving a phase set in accordance with a first
difference information transmtted fromthe base station, wherein the first

di fference i nf or gRtdpr@alingly Cab&S Qeﬁaﬁaft@&emgcﬁngbheréﬂég ng {Sinkgl on
between a reference and the first spectrum spreadi ng signal ich is

transnittedcbBenaesidhde i BRe SérORtabdon 66Ri WAy &hghdsd etalin
station; a nodulator which spreads a transmtting data with the generated
spreadi ng cadeprddicen deitly CarcUitswhi @hagd) Udiffarghese ohrdkatspneadi ng
transmitted from the first station, wherein the first phase
difference information indicates a phase difference on the
timing acquisition between a reference phase and the phase of
the spreading code for the first spectrum spreading'signal
which is transmitted from each second station and réceived by
the second station;

a modulator which spreads a transmitting data with the
generated spreading code; and

a delay circuit which adjusts a phase of the spreading
code of a spectrum spreading signal spread by the modulator in
accordance with a second phase différence' information
transmitted from the first station, wherein the second phase
aifference information indicates a phase difference during the
phase tracking between the reference phase and the chase of
the spreading code for ‘a second spectrum spreading signal
which is transmitted from each second station and received by
the first station.
8. A second station according to <c¢laim 7, wherein the
spreading code is selected from among a plurality of
orthogonal codes.
9. A second station for performing communication with a first

station comprising:
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code of a spectrum spreadi ng signal spread by the nodul ator in accordance
with a second.difference information transnitted from

wherein the second difference information indicates a mgmﬂmﬂ'ﬂ ﬁm
tracki ng between the reference phase an# a second spect?urh spre&di Ag sI gnal

Which is transnmtted fromeach ternminal station and received by the base
station. 24. A termnal station according to claim 23, wherein the

spreadi ng code ia sphestssh f éode agamrgatopl whatht yedérardshagonateasidgs. 25.
A terminal station for perform ng conmunication with a base station '

conpri si ng: cadepraadighgdcoge gheersdcandwhsedtigener ehes sprepdiegli ngpdeode
assigned to the termnal station, the spreadi ng code generator slides a
phase of thegeapteiash ngslddde by aphaselO of the spreading code by a
predetermined amount until receiving a first phase difference
information transmitted from the first station, wherein the
first phase difference information indicates a completion of
timing acquisition of the transmitting signal from the second
station;
a modulator which spreads a transmitting data with the
.generated spreading code; and
a delay circuit which adjusts a phase of the spreading
code of the transmitting signal spread by the modulator in
accordance with a second phase difference information
transmitted from the first station, wherein the second phase
difference information indicates a phase difference during the
phase tracking between a reference phase and the phase of the
spreading code for the transmitting signal which is
transmitted from each second station and received by the first
~ station.
10. A second station according to claim 9, further comprising
a délay circuit which delay the generated Qpreading code and
input the delayed spreading code to the modulator,
wherein said phase difference information includes a
second phase difference information which indicates the phase

difference detected during a phase tracking mode; and

REPLACEMENT SHEET
2 5 SEP 2000

ey VU PRI c S



" predeternined amount until receiving a first differenée Tnformation

transmtted:firomthe base station, wherein thzm Tl i nformation
I ndi cates a conpl etion of timng acquisition mm u Hmﬁmfg si gnal
fromthe ternminal station; a nodul ator #hich spreadsta frans ting data

W th the generated spreading code; and a delay-circuit which adjusts a
phase of the spreading code of the transmtting signal spread by the

nodul ator in accqy daRegyW LfkithtSee2ndsdidf ejense inkenpat i pf tgansnint t ed
fromthe base station; wherein the second différence i nformation indicates

a differenceluraftcd WAtk BHe DEldMRRNpRasei@ceREEnBNthidiMatiansmM tting
signal which is transmtted from eacﬁ termnal station and received by the

base station.i.26a Adndl Nftatsilont | fcariogdi @ tQathai 9 2uhelrdih hethe
conprising a delay circuit which delay the generated spreadi ng code and

i nput the delrayedispimadata eederiged e RHLkbaldive Wimbels Befletea)timmount
of said delay circuit is set in accordance with the second different

i nformati on.completion of timing acquisition.

12. A first station for performing communication with second
stations via a plurality of forward channels and reverse
channels comprising:

a demodulator which de-spreads a received signal on each
reverse channel;

an acquisition circuit which performs a timing
acquisition of the received signal and detects a first phase
difference between a phase-of a spreading code corresponding
to a reverse channel for the received signal and a reference
phase;

a phase state decision circuit which performs a phase
tracking of the received signal and detects a second phase
difference between the phase of the spreading code
corresponding to a reverse channei for the received signal and
'the reference phase;

a phase synchronization controller which generates a
first and a second phase difference information respectively
indicating the first and the second phase difference;

.a modulator which spreads the first or the second phase

difference information with a spreading code corresponding to
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27. A termnal station according to claim25, wherein the transmtting data

are fixed as.consecutive synbols before the conpleti T .
acqui sition. 28. ‘A base ‘st'ation for perforning connuﬁﬂﬂ "lL l """n1nal
stations via a plurality of forward chadfiel s and réversec chanmne *

tonpri sing: 41 a denpdul ator which de-spreads a received signal on each
reverse channel; an acquisition circuit which perforns a timng acquisition

of the receiyedosidifBl crafithedetRe! St Anbink 6t 1Y 10 epLAstDesWepRe ag8RERRdI NY
code corresponding to a reverse channel for the received signal and a

reference; appsaisteiénddeengbfattidnGui t which performs a phase tracking
of the received signal and detects a second phase difference between the
spreadi ng corte carrEsendstyrioh daccording to claim 12, wherein said
spreading code is selected from among a plurality of
orthogonal codes.
14. A communication method in a spread spectrum communication
system for performing communication between a first station

and second stations, comprising the steps of:

transmitting, in each second station, a first spectrum

~ spreading signal;
performing, in the first station, a timing acquisition
of the first spectrum spreading signal from each seco:qd
station and transmitting a first phase difference information
which indicates a phase difference between a phase of a
spreading code for the first spectrum spreading signal and a
reference phase on the timing acquisition;
setting, in each second station, a phase of a spreading
code generated by a spreading code generator in accordance
W,

with the first phase difference information and transmitting a
second spectrum spreading signal spread with the spreading
code generated by the spreading code generator;

performing, in the first station, a phase tracking of
the second spectrum spreading signal from each second station
.and transmitting a second phase difference information which
indicates a phase difference between a phase of a sprgading

code for the second spectrum spreading signal and the
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reverse channel for the received signal and the reference; a phase
synchroni zati-on controller which generates a firsf | rence
i nformati on respectively indicating the first andft d difference; a
nodul at or whi ch spreads the first or th¥ second di fmwﬁm] mgon with
a spreading code corresponding to a forward channel c U iy the
first or the second difference information. 29. A base station according to
claim 28, wheEkelonsRighasRr @aeindd teedgndse Tehekrigg; from anong a plurality of
ort hogonal codes. 30. A communication nethod in a spread spectrum

comuni cation syskegih®) PRI bAER BEcERITHPAERI, 0Na baby@enafoh@seost at i on
and termnal stations, conprising the steps of: transmtting, in each

term nal st @eled, cirduitsSti RRRICFIANEPT REH NtheSi@dhd phase difference

information, the delay circuit adjusts a phase of a spreading
code of a spectrum spreading signal transmitted to the first
station.
15. A communication method according to claim 14, wherein the
spreading code 1is .selected from among a plurality of
orthogonal codes which are orthogonal to each other.
16. A communication method according to claim 14, wherein the
first station calculates a first de-spread result of the
second spectrum spreading signal with the spreading code for
the second spectrum spreading signal which phase is forwarded
by half-pitch and a second de-spread result of the second
spectrum spreading signal with the spreading code fér the
second spectrum spreading signal which phase is delayed by
half-pitch; and

outputs the second phase difference information as the
difference between the first and .second de-spread result.
17. A communication method in a spread spectrum communication
system for performing communication between a first station
and secﬁnd stations, comprising the steps of:

in an aéynchronous state between a phase of a spreading
code for a first spectrum spreading signal and a reference
phase, wherein the first spectrum spreading signal is

transmitted from each second station and received by the first

REPLACEMENT SHEET
25 SEP 2000

| -
Baiaaaii Ll L D B TR PO T A



42 performng, in the base station, a timng acquisition of the fiTst

spectrum spreadi ng.-signal fromeach term nal stati
first difference information which indicates a di flmm !

spreadi ng code for the first spectrum s#r eadi ng signalc am
phase on the timng acquisition; setting, in each term nal

LTTH .
a re# nce
station, a phase

of a spreading code generated by a spreadi ng code generator in accordance
with the firghedbhf er gesforinife, Matinon @pd t#aRwm tdddtdoa, SEGONG: SiEeRt r um

spreadi ng signal spread with the spreadi ng code generated

by the spreading

code gener atiguiBet{isd Md¥y, the ! herdasepebatu®n, sprdalddng t sdgtdINg 0id t he
second spectrum spreadi ng signal fromeach termnal station and

transmtti ngransacorichgli ff erepse | pidyemididierdned iintoembesom didilcdr ence

bet ween the second spectrum spreadi ng signal and the refer

ence during the

phase trackiihgicaeés i ng, phaseacliffsrencel Bétwédn, thedephysanvnht tife a

delay circuit in accordance with the second difference

spreading code for the first spectrum spreading signal and the

reference phase on the timing acquisition; and

setting, in each second station, a phase of a spreading

code generated by a spreading code generator in

with the first phase difference information;

accordance

in a synchronous state between a phase of a spreading

code for a second spectrum spreading signal and the reference
phase, wherein the second spectrum spreading signal is
transmitted from each second station and received by the first
station, performing, in the first station, a phase tracking of
the second spectrum spreading signal and transmitting a second
phase difference information which indicates a phase
difference between the phase of the spreading code for the
second spectrum spreading signal and the reference phase
during the phase tracking; and

setting, in each second station, a delay amount of a
delay circuit.in accordance with the second phase difference
information, the delay circuit adjusts a phase of a spreading

code of a spectrum spreading signal transmitted to the first

station.
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i nformation, the delay circuit adjusts a phas_e—of——a—s—pr—eadi—ng—eede of a
spectrum spreadi ng signal transmtted to the:biﬂimﬂ]atlon

communi cat i on net hod according to claima30, wh luﬂ'um"u;&"ung code :S
rt hogonal to

sel ected fromanong a plurality of orthdgonal
each ot her. 32. A communi cation nmethod according to clai'm30,.wherein
the base station calculates a first de-spread result of the second spectrum

spreadi ng signala WolhuhieatsipneadtAgd Casteriohgt b6 shoiand 75peabiein SgHeadi ng
si gnal whose phase is forwarded by hal f- pltC% and a second de-spread result

of the secorsbrepa@ihguncss earl Ngeliegiad Wtdin t Nincigr eadi pgueaUecy orof he
second spectrum spreadi ng signal whose phase is delayed by hal f-pitch; and
out puts the crthogdndl f f es@ece winifadr meineOn c@thbbendl f f €6 eneacibet veker t he
first and second de-spread result.
19. A communication method according to claim 17, wherein the
first station calculates a first de-spread result of the first
spectrum spreading signal with the spreading code for the
first spectrum spreading signal which phase is forwarded by
half-pitch and a second de-spread result of the first spectrum
spreading signal with the spfeading code for the first
spectrum spreading signal which phase is delayed by half-
pitch; and
outputs the second phase difference information as the
difference between the first and second de-spread result.
20. A communication method in a spread spectrum communication
system for performing communication between a base station and
terminal stations, comprising the steps of:
transmitting, in each terminal station, a first signal
spread with a spreading code generated by a spreading code
s generator;
performing, in the base station, a timing acquisition of
the first signal from each terminal station and transmitting a
difference information between the first signal and a
reference on the timing acquisition;
setting, in each terminal station, the phase of the

spreading code generated by the spreading code generator in

accordance with the first difference information and
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33. A communication nmethod in a spread spectrum cofmi-cati-on system f or
perform ng comuni cat.i.on between a base station and term nal stations,

conprising. the steps of: in an asynchronous state?bH l,ﬂ",u munimctrum
spreadi ng signal and a reference, wheredh the first ng

signal is transmtted fromeach termnal station and received by the base

station, performng, in the base station, a timng acquisition of the first

spect rum sprigadisRg: S14na s8BEnd rsigaht bhAdhd wikthStndlidgreaansg ¢sder mation
whi ch indicates a difference between the first spectrum spreadi ng signal

and the refe{f166 ORe tdtd phAbAY acquisition; and setting, in each term nal
station, a phase of a spreadi ng code generated by a spreadi ng code

generator in accydFoeRing! Nd kbef bisd stiatlenencearaskingest ae in a
synchronous state between a second spectrum spreadi ng signal and the
reference, WoadnsidtalsFirondeach terminal station and transmitting
second difference information between the second signal and
the reference;
setting, in.each terminal station, a deley amount of a
delay circuit in accordance with the second difference
information, the delay circuit adjusting the phase of the
spreading code of a gignal transmitted to the base station.
21. A communication method according to claim 20, wherein the
spreading cede is selected from among a plurality of
orthogonal codes which are orthogonal to each ofher.
22. A communication method according to claim 20, wherein the
base station calculates a first de-spread result of the second
signal with the spreading code whose phase is forwarded by
half-pitch and a second de-spread result of the second signal
with tHe spreading code whose phase is delayed by half-pitch;
~ and
the base station outputs the second difference
information as the difference between the first and second de-
spread result.
23. A terminal station for performing communication with a

base station, comprising:
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' spectrum spreading signal is transmtted fromeach termnal station and
received by the base station, performng, in the base station, a tracking

of the second ‘spectium spreadi ng signal and tran 'mi u fference
i nformation which indicates a differencé®bet vvee:nSm“ HMlmﬂl ﬂl“ um

spreadi ng signal and the reference during the trackirfg; tanl sétting, in _
each term nal station, a delay anount of a delay ci rcuit in accordance with
the second differengeendisg ede0genthrdichYchi de&idratad Hséﬁre’&dahgse of a
spreadi ng code of a spectrum spreading signal transntted to the base
station. 34.coleC aBBUGhERIcORhEEEAMnACCOESL 1tth BAdChAFIAP I phhsEeidt the
spreading code is selected fromanong a plurality of orthogonal codes which
are orthogonal aceocedmicetdieh. a3firsk @AFPerércd iiABormitinsh aeapsdityed 0 claim
33, wherein the base station calculates a first ‘de-spread result of the
first spect riyoms pheddasey ssaghah, Wheretthetlseridadingi fhslericer the first
spectrum spreadi ng signal which phase is forwarded by half-pitch and a
second de- spitdadmation tirgfichhes fa raitf fepente wn the timing acquisition

between a reference and the first spectrum spreading signal
which is transmitted from each terminal station and received
by the terminal station;

a modulator which spreads a transmitting data with the
generated spreading code; and

a delay circuit which adjusts a phase of the spreading
code of a spectrum spreading signal spread by the modulafor in
accordance with a second difference information transmitted
from the base station, wherein the second difference
information indicates a difference during tracking between the
reference phase and a second spectrum spreading signal which
is transmitted from each terminal station and received by the
base station.
24. A terminal station according to claim 23, wherein the
spreading code is selected from among a plurality of
orthogonal codes.
25. A terminal station for performing communication with a
base station comprising:

a spreading code generator which generates a spreading
code assigned to the terminal station, the spreading code

generator slides a phase of the spreading code by a
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spreading signal with the spreadi ng code for the—first—spectrum-—spreadi ng

si gnal which phase is delayed by hal f-pitch; a cond
di fference information as the difference bet V\Bg Iﬂﬁﬂ iIE ﬁsecond
de-spread result. 36. A communi cati orf0rret hods 1SPM ctrum

comuni cation system for perform ng conmuni cati on between a base station
and termnal stations, conprising the steps of transmtting, in each

term nal stapir@detedmihedtad@italintPl aadeWihg aa SAr@RJANEE SRHRegeNEr at ed by
a spreadi ng code generator; performng, in the base station, a timng

acqui sition ghfémeatiibhstréndiidielr prorcatie bese stal ishat hieredmd theansm tting
a difference informati on between the first signal and a reference on the
timng acqui sitstoifEeréndy, infornatiod dndibatestaidonplet ivn Piasemdhgt he
acquisition of the transmitting signal from the terminal
station;
a modulator which spreads a transmitting data with the
generated spreading code; and
a delay circuit which adjﬁsts a phase of the spreading
code of the transmitting signal spread by the modulator in
accordance with a second difference informétion transmitted
from.the base station, wherein the second difference
information indicates a difference during tracking between a
reference and the transmitting signal whicb is transmitted
from each terminal station and received by the base station.
26. A terminél station according to claim 25, further
comprising a delay circuit which delay the generated spreading
code and input the delayed spreading code to the modulator,
wherein a delay amount of said delay circuit is set in
accordance with the second different information.
27. A terminal station according to claim 25, wherein the
transmitting data are fixed as consecutive symbols before the
completion of timing.acquisition.
28. A base station for performing cémmunication with terminal
stations via a plurality of forward channels and reverse

channels comprising:

25 SEP Zuuy

¥ O st

L oA T AN Y B ¥



spreadi ng-code generated by the spreading c rdance with
the first difference information and transmtti nﬂ seco !lcinal ‘spread

wi th the spreading code having the set phase mllu‘lw)ulgln he base

station, a tracking of the second signal fro ation and
transm tting second difference information between the second signal and
the reference; setting, in each termnal station, a delay amunt of a delay
circuit in accor danisnodul btthevsehodd- shidadseaceeddivednBigndl owheaehn t he
delay circuit is between an antenna of the each terminal station and the
spreadi ng codeveymeechammel;?2 5 EP 2000 37. A communi cation nethod
according to claim36, wherein the delay circuit adjusts the phase of the
spreadi ng code ofam aiqydalticmnrsircufedwiicht perbosts st atimdng
acquisition of the received signél and detects a first
difference between a spreading code corresponding to a reverse
channel for the received signal and a'referenCe;
a phase state decision circuit which pérforms a phase
tracking of the received signal and detects a second
phase difference between the spreading code corresponding to a
reverse channel for the received signal and the reference;
a phase synchronization controller which generates a
first and a second difference information respectively
indicating the first and the second difference;
a modulator which spreads the first or the second
difference information with a spreading code corresponding to
a forward channel for transmitting the first or the second
difference information.
29. A base station according to claim 28, wherein said
N\ spreading code is selected from among a plurality of
orthogonal codes.
30. A communication method in a spread spectrum communication
system for performing communication between a base station and
terminal stations, comprising the steps of:

transmitting, in each terminal station, a first spectrum

spreading signal;
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38. A conmmuni cation method according to cl aim 36 —wheretn- H%e base station
cal cul ates a first..de-spread result of the second signal h the spreading
code whose phase is forwarded by hal f-pitch ﬂ Bmf Hiﬂ |spread resul t
of the second signal with the spreadi ng4od del ayed by
hal f-pitch; and the base station outputs the second |fference i nformation
as the difference between the first and second de-spread result. 39. A
term nal station gexfoprif®) ninngheopageistation, vd ttindn§aseqsilsatiion, of
conprising; a spreading code generator which generates a spreading code
assi gned to thee fti estri spdctruat sprealifghavdmil rphasscls ajerminal CottaRae W th
a first difference information transmtted fromthe base station, wherein
the first didddeteansnittfimgmat first ddf€aresce iaifbieaeivre waichhe tinm ng
acqui sition between a reference and the first spectrum spreading signal
whi ch is trasiicates 4 rdiififeaehce drartweah 3 tsprieadiagdcadec govethdyf e
term nal station;
spectrum spreading signal and a reference phase on the timing
acquisition;
setting, in each terminal station, a phase of a
spreading code generated by a spreading code generator in
accordance with the first difference information and
transmitting a second spectrum spreading signal spread with
the spreading code generated by the spreading code generator;
performing, in the base station, a phase tracking of the
second spectrum spreading signal from each terminal station
and transmitting a second difference information which
indicates a difference between the second spectrum spreading
signal and the reference during the phase tracking;
setting, in each terminal station, a delay amount of a
delay circuit in accordance with the second difference
o information, the delay circuit adjusts a phase of a spreading
code of a spectrum spreading signal transmitted to the base
station.
31. A communication method according to claim 30, wherein the

spreading code is selected from among a plurality of

orthogonal codes which are orthogonal to each other.
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a nodul at or which spreads atransmtting data with the generated spreading
code; and =~ 47 a deliay circuit, between an antenna and the spreadi ng code
generat or, whose delay is set in accordance wi mm‘uﬁm“ﬂmiuuiﬁrence
information transmtted fromthe base sf'3at|on‘

difference information indicates a difference duri‘ng* t r'hcid ng bet ween t he
reference and a second spectrum spreadi ng signal which is transmtted from
each term na2.shatofiuriRd i 66 ahet2bdoX cédd RS €oSéPdin 3.0 ,4Qhereireulenal
station according to claim39, wherein the delay adjusts a phase of the
spreadi ng Co@@eobtat Siiechluil Sy adifigssSi diaprafd epebuly beth®Bdodnar . 41.
A termnal station for perform ng comrunication with a base station

conpri si ng: spespremdppadidg sinalawoth whe kpgeadimi edda §pr etttk ng

second spectrum spreading signal whose phase is forwarded by
half-pitch and a second de-spread result of the second
spectrum spreading signal with the spreading code for the
second spectrum spreading'signal whose phase is delayed by
half-pitch; and
. outputs the second differenqe information as the
~ difference between the first and second de-spread result.
33. A communication method in a spread spectrum communication
system for performing communication between a base station and
terminél statiéns, comprising the steps of:
in an asynchronous state between a first spectrum
spreading signal and a reference, wherein the first spectrum
spreading signal is transmitted from each terminal station and
received by the base station, performing, in the base station,
a timing acquisition of the first spectrum spreading signal
and transmitting a first difference information which
indicates a difference between the first spectrum spreading
signal and the reference on the timing acquisition; and
setting, in each terminal station, a phase of a spreading code
generated by a spreading code generator in accordance with the

first difference information;
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code assigned to the term nal station, the spreading code yenerator slides

a phase of - the ‘spreading code by a predetermn ' eceiving a
first difference information transmtted fromﬂmm&mﬂnmug wherein the
first difference information indicates 4 conple&l on sacquisition
of the transmtting signal fromthe termnal station; a nodul ator which

spreads a transmtting data with the generated spreadi ng code; and a del ay

circuit, between ianaagyiiidndis §tkeSpetRén edongessddtiram whose del ay
anount is set in accordance with a second difference information

transm tted sphiregdify dignal sird ithe, réberaide,t hhesenowhedsbEaience
i nformation indicates a difference during tracking between a reference and
t he transm tspengrem ggpaleadting heignmallr 48sttdrised ttednfeac kathr temadnadt at i on and
recei ved by the base station.
station and received by the base station, performing, in the
base station, a tracking of the second spectrum spreading
signal and transmitting second difference information which
indicates a difference between the second spectrum spreading
signal and the reference during the tracking; and
setting, in each terminal station, a delay amount of a
delay circuit in accordance with the second difference
information, the delay circuit adjusts a phase of a spreading
code of a spectrum spreading signal transmitted to the base
station.
34, A communication method according to ciaim 33, wherein the
spreading code is selected from among a plurality of
orthogonal codes which are orthogonal to each other.
35. A communication method according to claim 33, wherein the
base station calculates a first de-spread result of the first
A spectrum spreading signal with the spreading code for the
first spectrum spreading signal which phase is forwarded by
half-pitch and a second de-spread result of the first spectrum
spreading signal with the spreading code for the first
spectrum spreading signal which phase is delayed by
half-pitch; and
outputs the second difference information as the

difference between the first and second de-spread result.
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42. A termnal station according to claim4l, further conprising a delay
circuit which delays the generated spreadi ng code and i nput the del ayed
spreadi ng code to thé-nodul ator. 43. A termninal ' g to claim
41, wherein the transnmtting data are f4%ed as Hmmlull"“mm | s before
the conpletion of timng acquisition. 44. A communi Eatt o nét hdd in a
spread spectrum comuni cation system for performnm ng conmuni cati on between a
base station and term nal stations, conprising the steps of: transmtting,
in each termnal station, a first spectrum spreadi ng-signal; performng, in
t he base st aisi. 0OA, commiunicAgi&E Gidtholi Om DHispriedf spedt rume ebmmua sqatdadi ng
signal fromeach termnal station and transmtting a first difference
i nformati onsyeten foripeatesmindgichimusics ibnt hetween pbasdi satciathe ahdr t he
first spectrum spreading signal and a reference on the tim ng acquisition;
setting, inteambndkravandbns} adomprisanghadwe soépa of

transmitting, in each terminal station, a first signal
spread with a spreading code generated by a spreading code
generator;

performing, in the base station, a timing acquisition of
the first signal from each terminal station and transmitting a
difference information between the first signal and a
reference on the timing acquisition; |

setting, in each terminal station, the-phase of the
spreading code generated by.the spreading code generator in
accordance with the first difference information and
transmitting a second signal spread with the spreading code
having the set_phase;

performing, in the base station, a tracking of the
second signal from each terminal station and transmitting

% second difference information between thg second signal and

the reference;

setting, in each terminal station, a delay amount of a
delay circuit in accordance with the second difference
information, wherein the delay circuit is between an antenna

of the each terminal station and the spreading code generator.
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spreadi ng code generated by a spreading code generator in accordan(;e W th

the first difference information and transn1tt|n
Spreadi ng si gnal ‘spréad ‘with the spreadi ng code munm‘mﬁlm gl preadl ng
code generator; performing, in the bd&e station, & phase tsa t he
second spectrum spreadi ng signal fromeach term nal statlon and

transmtting a second difference information which indicates a difference
bet ween t he Becandosmafidaiibh Phesiddcebiditly aodclaim 13, ewhegeisiwneng the

phase tracking; setting, in each term nal station, a delay anobunt of a
del ay circuidelay ateeiiinr@gusts hclieh@hase ontl thef bpreading rboaenaf ion, wherein
the delay circuit is between an antenna of the each termnal station and
t he spreadi ngignadetganemiatred. tdStheAbasanatrtciaini.on met hod according to claim
44, wherein the delay circuit adjusts a phase of a spreading code of a
spectrum spraadi iy compnal cdtriams methed doworitndaze cikdmi 6, wherein
the base station calculates a first de-spread result of the
second signal with the spreading code whose phase is forwarded
by half-pitch and a second de-spread result of the second
signal with the gpreading code whose phase is delayed by
half-pitch; and
the base station outputs the second difference
information as the difference between the first and second
de-spread result.
39. A terminal station for performing communication with a
base station, comprising;
a spreading éode generator which generates a spreading

code assigned to thé_te:minal station and having a phase set
in aécordance with a:first difference information transmitted
from the base station, wherein the first difference
N information indicates a difference on the timing acquisition

between a reference and the first spectrum spreading signal

which is transmitted frpm each terminal station énd received

by the terminal stat}on; |

a modulator which spreads a transmitting data with the

generated spreading code; and

PP TAADI. Pemron,. e




46. A communi cati on nethod according to claim44, wherein the station

calculates a first de-spread result of the secoanﬁ”M iy ng signal
with the spreading code for the second spectrum " nm, I ose
phase is forwarded by hal f-pitch and a s€cond de-spré&ad®tre8ul t he
second spectrum spreading signal wth the spreading code for the second
spectrum spreadi ng si gnal whose phase is delayed by hal f-pitch; and outputs

the second differendelanfoirmal t proetsvebhcadli dritenaacsndatneeaprth@idd r st and
second de-spread result. 47. A comunication nethod in a spread spectrum

comuni cat i orody sgerariator periayerdeag Oi8TseIC Bk | &itdrAaNBe Wit DA @etbad i ON
and term nal stations, conprising the steps of: I n an asynchronous state

between a fi A$Efsymeuter dnfepmazicinn yrangniat ednirom rdiecbane estadiengi n t he
first spectrum spreading signal is transmtted fromeach term nal station
and wherein the second difference information indicates a
difference during tracking between the reference and a second
spectrum spreading signal which is transmitted from each
terminal station and received by the base station.

40. A terminal station according to claim 39, wherein the

delay adjusts a phase of the spreading code of a spectrum
spreading signal spread by the modulator.

41. A terminal station for performing communication with a

base station comprising:

a spreading code generator which generates a spreading
code assigned to the terminal station, the spreading code
generator slides a phase of the spreading codé by a
predetermined amount until receiving a first difference
information transmitted from the base station, wherein the
first difference information indicates a completion of timing
~— ' acquisition of the transmitting signal from the terminal

station;

a modulator which spreads a transmitting data with the
generated spréading code;

and a delay circuit, between an antenna and the
spreading code generator, whose delay amount is set in
accordance with a second difference information transmitted

from the base station, wherein the second difference
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recei ved by the base station, performng, in-t ; i m ng

acqui sition of the first spectrum spreading signal £ing a first
di fference infornmati-dn which indicates a differemﬂ &Bﬂﬂﬂﬂt&ﬂ'hfst
spectrum spreadi ng signal and the referdfce on t . on; and

setting, in each termnal station, a phase of a spreading code generated by
a spreadi ng code generator in accordance with the first difference

i nfor mat’i on; jAfbr#atYoe s a8t At fre-uRed dAuriegoRfadpRY befween endi ng
signal and the reference, wherein the second spectrum spreading signal is
transmtted fdmyPenachandrtieNdrafémidtdhgaBigiAACehied Dy dhudshaseest ation,
performng, in the base station, a tracking of the second spectrum

spreadi ng Si gl eaBH téBMisiAlt btagiceenddretéd fHvaiepoethalsasenktaniowi ch

i ndicates a difference between the second spectrum spreadi ng signal and the
reference dwing teemitialk kitagioandbaaidinggto idladachlt efustheh station, a
del ay anount of a delay circuit in accordance with the second difference

i nf or mat i on, codparieingt aadelalyagiccuituivhichk delaysenhangendrved

spreading code and input the delayed spreading code to the
modulator.
43. A terminal station according to cla;m 41, wherein the
transmitting data are fixed as consecutive symbols before the
completion of timing acquisition.
44. A communication method in a spread spectrum communication
system for performing communication between a base station and
terminal stations, comprising the steps of:
transmitting, in each terminal station, a first spectrum
spreading-signal;
 performing, in the base station, a timing acquisition of
the first spectrum spreading signal from each terminal station
and transmitting a first difference information which
— indicates a difference between a spreadiﬁg code for the first
spectrum spreading signal and a reference on the timing
acquisition;
setting, in each terminal station, a phase of a
spreading code generated by a spreading code generator in
accordance with fhe first difference information and
transmitting a second spectrum spreading signal spread with

the spreading code generated by the spreading code generator;

REPLACEMENT SHEET
25 SEP 20i

Sntmratrmsm e e w1 L 1,



of the each termnal station and the spreading code generator. 48. A

communi cation nethod atccording to claim47, V\/nerel ' |t

adj usts a phase of a spreading code of a spectrum mgmmlmgmlm“' :
transmtted to the base station. 49.49 communi cat4 o net aiccording to
claim47, wherein the base station calculates a first de-spread result of

the first spectrum spreading signal with the spreading code for the first

spect r um spr eadi pe@rEbgRalg WAhCBhehRaR istat bnardetaby haldkipist 6b el a
second de-spread result of the first spectrum spreading signal with the

spreadi ng ce@echdrspderum Spreilichy’ U4l adinngash Hexminal cotdiase i S
del ayed by half-pitch; and outputs the second difference information as the
di fference kaiweeandnie tfingsi asetadc anfifekertier éaformtiilon. which
indicates a difference between the second spectrum spreading
signal and the reference during the phase tracking;

setting, in each terminal station, a delay amount of a
delay circuit in accordance with the second difference
information, wherein the delay circuit is between an antenna
of the each terminal station and the spreading code generator.
45. A communication method accordiﬁg to claim 44, wherein the
delay circuit adjusts a phase of a spreading code of a
spectrum spreading signal transmitted to the base station.
46; A communication method according to claim 44, wherein the
base station calculates a first de-spread result of the second
spectrum spregding signal with the spreading code for the
second spectrum spreading signal whose phase is forwarded
by half-pitch and a second de-spread result of the second
spectrum spreading signal with the spreading code for the
second spectrum spreading signal whose phase is delayed by
half-pitch; and

outputs the second difference information as the
difference between the first and second de-spread result.
47. A communication method in a spread spectrum communication
system for performing communication between a base station and

terminal stations, comprising the steps of:




I
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in an asynch#bhous state between a first spectrum
spreading signal and a reference, wherein the first spectrum
spreading signal is transmitted from each terminal station and
received by the base station, performing, in the base station,
a timing acquisition of the first spectrum spreading signal
and transmitting a first difference information which
indicates a difference between the first spectrum spreading
éignal and the reference on the-timing acquisition; and

setting, in each terminal station, a phase of a
spreading code generated by a spreading code generator in
accordance with the first difference information;

in a synchronous state between a second spectrum
spreading signal ;nd the reference, wherein the second
spectrum spreading signal is transmitted from each terminal
station and received by the base station, performing, in the
base station, a tracking of the second spectrum spreading
signal and transmitting second difference information which
indicates a difference between the second spectrum spreading
signal and the reference during the tracking; and

setting, in each terminal station, a delay amount of a
delay circuit in accordance with the second difference
information, wherein the delay circuit is between an antenna
of the each terminal station and the spreading code generator.
48. A communication method according to claim 47, wherein the
delay circuit adjusts a phase of a spreading code of a

spectrum spreading signal transmitted to the base station.
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49. A communication méﬁhod according to claith 47, wherein the
base station calculates a first de—spread result of the first
séectrum spreading signal with the spreading code for the
first spectrum spreading signal which phase is forwarded by
half-pitch and a second de-spread result of the first spectrum
spreading signal with the spreading code for the first
spectrum spreading signal which phase is delayed by
half-pitch; and

outputs the second difference information as the

difference between the first and second de-spread result.




