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METHQD AND APPARATUS FOR ADJUSTING TRANSMISSION POWER OF A

CDMA TERMINAL | !

BACKGROUND OF THE INVENTION :

The present invention relates to a communication

terminal apparatus by means of CDMA (Code Division
l .

Mult%ple Access) utilizing spread spectrum system and %
espe01ally to a method of and an apparatus for controlling
transmission power in one communication t;;glnal apparatus
"in case of conducting multi-code transmis51$n in which a
plurallty of spreading code .channels are allocated to the |
comm#nlcatlon terminal apparatus, and thereby,
transmission capacity is enlarged.

Inia mobile communication system having a;base station

I
and a plurallty of mobile communication terminals, as a

connectlon method in which the number of termlnals capable
of belng accommodated in the system 1s 1ncreased and
whlch is capable of flexibly corresponding to a change of
a transm1551on speed, CDMA in which a spread spectrum
system is applied has been watched. !
Inicase of mobile communication by means éf the CDMA,
espeeially in case of using Direct Sequence . (DS) as a
methed of spread spectrum, 1f transmission power from the

.moblle communication terminals is the same as each other,

51nce a reception electric fleld at the base station is
a i

This Sheet Has Been Replaced

!IIIIIHHI\I A




generally in inverse proportion to a squareéof a distance
between the base station and the mobile coméunication
terminals, a weak radio wave from the termi@al far from
the Base station is strongly interfered wité a strong
radio wave from the terminal near the base ;tation, and a :
radioc wave from the remote ferminal cannot be normally
receﬂved at the base station. Accordingly, it is necessary
to control the transmission power for each éerminal so
that strength of received radio waves from éach terminal

i

is almost the same as each other at a position of the base

station.

Conventionally, in the mobile communication system by
means of the CDMA, it Is usual that one code channel is

allocated to one terminal that is used by aiuser. Here,

the code channel is a communication'channeléthat is
specilfied by a spreading code (pseudorandoménoise code)
being used for spreading. .

Fig. 7 1s a block diagram simply showing a conventional
mobille terminal 101 in accordance with a CDﬁA method from
an aépect of transmission power control, anq here, it is

: i
assumed that data transmission is conductedgfrom the

mobile terminal 101 to a base station 102 using only one
code |channel. The data to be transmitted is supplied to
the mobile terminal 101 from a signal source 104 connected ?

to the mobile terminal 101. _ i

This Sheet Has Been Replaced

AT




The
is so

from

signa

rate

Pro

i
data to be transmitted is often a voice signal. and

metimes a high speed multi-media data éhat is output
|

a computer. In any event, it is assumeé that the

1 source 104 is for outputting a data étream at a bit

of R bits/second.

vided in the mobile terminal 101 are a receiver 112

connected to a reception antenna 111, a traﬁsmitter 114

conne

clrcu
104 i
conve
circu

apply

an ou

cted to a transmission antenna 113, a gpreading

it 115 to which a data stream from theisignal source
s input, a D/A (Digital/Analog) conver?er 116 for
rting a digital signal output fxom theispreadiné

it 115 into an analog signal, a modulaéor 117 for

ring orthogonal medulation to a carrierﬁwave based on

tput from the D/A converter 116, a variable gain

circuit 118 inserted between an output of the modulator

117 And an input of the transmitter 114. Anioscillation

circuit 119 for generating a high frequency:signal that is

a carrler signal is connected to the modulator 117.

After applying error correction coding and a process

such

signa

as interleave and encrypt to a data st;eam from the

1l source 104, the spreading circuit 115 spreads using

a spreading code corresponding to an allocated code

chanr

sprea

lel, and outputs a base band signal. Here. the

1ding circuit 115 1s constructed as a digital signal

processing circuit., and spreads the data stream from the
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signal source 104 to generate a signal and éutputs a
multilevel digital signal as a base band siénal, which
represents an instant value of this signal évery moment.
Also, in the modulator 117, orthogonal modulation is
conducted by means of four phases PSK (phasé shift
modulation) (QPSk (Quadratufé Phase Shift Keying)), and
accordingly, an in-phase component I and an_orthogonal
component Q of the base band signal are outéut from the

spreading circuit 115 as a multilevel digital signal,

respectively, and the D/A converter 116 indépendently
converts the in-phase component I and the orthogonal
component Q into-analog signals, respectiveiy, and the
modulator 117 receives these in-phase compoﬁent I and
orthogonal component Q and conducts modulation.

Here, an arrangement of the spreading circuit 115 will
be explained using Fig. 8. This spreading circuit 115 1is
for ?pplying direct sequence (DS) system as;spread
specérum system to the input data stream. In Fig. 8,
valu%s in parentheses show typical examples of a data

|
speed, a chip rate and so forth.

| :
A qata stream of a data speed 128 kbps (bps is the
I . .l
number of bits per second) for example is input from the
signal source, and a serial/parallel conversion circuit

121 with one input and two outputs (1—>2) is provided for

dividing this input data'stream into two series of data
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streams with a déta speed (64 kbps in this example) that
is a |(half comparéd with the input data streém. One data
stream from the serial/parallel converslon éircuit 121
corresponds to the in-phase component I in the orthogonal
modulation, and the other data stream corresponds to the
orthogonal component Q. Disposed are a PN code generator
122 fior generating a pseudorandom noise codg (PN code) as
a spreading code for the in-phase component I, and a PN
code |generator 123 for generating a pseudorandom noise

code |(PN code) as a spreading code for the in-phase

component Q. The data stream and spreading code on a side
|

of the in-phase component I are input to an adder 124, and

thereby, the data stream corresponding to the in-phase
component I is spreaded. In the same manner, the data
stream and spreading code on a side of the orthogonal

component Q are input to an adder 125, and thereby, the

data [stream corresponding to the orthogonal component Q is

spreaded. The adders 124 and 125 are for calculating
exclﬂsive OR between the input data stream and the
spreading code. A chip rate of a signal after spreading
which is output from each of the adders 124.and 125 is
4.096 Mcps (cps is the number of chips per second). for

example. The signals after spreading from the adders 124

and 125 are input to FIR (finite impulse response) filters

126

(4}

nd 127 that function as a low pass filter,

|

W

[
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respectively. and thereby, a multilevel digital signal (8
bits |value signal, for example) is output e%ery moment,
which represents an instant value of a base%band signal of
the in-phase component I and.the orthogonal‘component Q0.

In [this manner, spread spectrum is applied to the data

streﬁm, and a transmission signal with a predetermined
freq@ency band can be obtained from an outpﬁt of the
moduﬂator 117. A level adjustment for this transmission
sign%l is conducted by the variable gain circuit 118. and
thereafter, this transmission signal is transmitted from
the éransmitter 114. The wvariable gain'circﬁit 118 is
constructed of an amplifief_capable of varying a gain or
an attenuator capable of varying an amount of attenuation.
As mentioned below, a gain (or an amount of attenuation)
in the wvariable gain circuit 1138 is controlied by a TBC
(Total Power Control) signal from the receiver 112 14B by
14B, |for example.

Now, it is assumed that a bit rate of the data stream
from {the signal source 104 is R [bits/second]. and a band
width of the transmitted signal is W [Hz], .

G = W/R | (1)
is called a spreading gain.

After receiving such a transmission signal from the

mpﬁiie terminal 101, the base station 102 applies de-

spredding, decoding, de-interleave and error correction to
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signal. It is assumed that signal powef pexr bit

necessary for fully receiving this signal in the base’

statjon 102 is E,, nolse power per Hertz is No, and a ratio

of these is E,/N,. Here, to fully receive the signal means

that

a bit error rate in a data stream output after the

error correction is satisfied with a predetermined level.

Then,

base

a carrier/noise ratio (C/N) that is needed in the

lstation 102 is:

C/N = (R~ E)/(W-'N,)

(1/G) * (E,/N,) . (2)

| .
From this, a signal level that is needed in the base

statlon 102 is represented as follows:

c

= N (1/6) * (E,/N,) (3)

Then, the base statlion 102 transmits to each mobile

terminal 101 a command for controlling transmission power

so as to always make a reception level of the signal to be

C. P%rticularly, in case that a signal level of a code

chan#el received from a certain mobile terminal 101 is

smaller than the value C, the base station 102 transmits a

command for making transmission power of the mobile

terminal 101 increase by a constant (1 dB, for example).

and %n case that the signal level is larger conversely,

the ﬁase station 102 transmits a command for making the

tran%mission power decrease to the mobile terminal. This

|
command is called a TPC (Total Power Control) signal. This
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sign%l can be a command that'makes the tranémission power
incréase if its value is ™1" for example, and that makes
the transmission power decrease if its value is "0~".

Thg mobile terminal 101 receives the TPC signal at the
rece#ver 112. The received TPC signal is output from the
receﬂver 112 to the variable gain circuit 118, and the
varigble gain circuit 118 increases or decreases a gain by
a codstant (1 4B, for exampie) in accordance with the TCP
sign%l. Thereby, the transmission signal level is adjusted
to aflevel required by the base station 102. A method of
contﬁolling the transmission power of the mobile terminal
in tﬁis manner is called closed loop control. This control
methdd is generally used in an IS-95CDMA system and so
fort@, which is a mobile communication systém in the
Unitéd States.

By ithe way, in recent years, even in a mobile
commqnication field. multimedia of a transmission data has
beenideveloped, and only low speed data communication
usin& only voicelis unsatisfying and a higher speed
tran#mission mqthod is needed, such as connection to an
inteénet and image communication. As ocne method for
meet#ng these needs, multili-code transmission is being
watcﬁed. |

Different from conventional transmission, the multi-code

tranémission is'for increasing a transm;ssion speed by
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allo%ating a plurality of code channels (two channels, for
examqle) to one terminal. If the number of codes is N.
(wheze n = 2), in case that a bit rate per code is R,, a
collective transmission rate R; is as follows:

Ry|= N*R, (4)

Namely. compared with a case in which a single code

chanqel is used,'it is possible to make the transmission
rateito be N times. |

How?ver, in case of conducting the multi-code
trangmission, it 1s required to finely control the
transmission power every code channel due to a reason as
mentioned below. The present invention deals with how to
contﬁol the transmission signal power of the terminal in
case [0of conducting the multi;code transmission.

As main application of the multi-code transmission, a

case |can be raised, in which a voice signal and a data
signél are concurrently transmitted. Particularly, there

is a |case in which by using two code channels, one of the

code |channels is allocated to transmission of a voice

sign%l such as a conversation and the other 1s allocated
i
to transmission of a data signal for a file exchange

between computers. In considering such a situation.

i ,
allowable error rates are different from each other
betwéen the voice signal and the data signal, and while a

bit érror rate of about 107 is allowed for the voice
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signal, a bit error rate equal or less than 10" is
sometimes necessary for the data signal. On the other hand,
in order to improve a capacity of an entire mobile
commqnication system in case of using spread spectrum
system, it 1s important to reduce transmission power as a
whole. Furthermore, it is considered that in a certain
area [of the mobile communication system, in a moment.
while there are many moblle terminals that l1s conducting
voice communication, there are not many mobile terminals
that ;1s conducting data commgnication so much. If
considering the above, in the mobile terminal for
condqcting the multi-code transmission, wilithout
controlling the transmission power of code channels of
both ithe voice signal and data signal so as to make both
the transmission power of tlie code channels to be the same
as each other based on a bit error rate reguired for the
dataisignal, it becomes to be possible to make a capaéity
of the entire mobile commun;cation system increase while
meeting bit error rate required for the respective signals
by making the transmission power of th? code channel of
the wvoilce signal relatively -small and making the.
transmission power of the code channel of the data
communication relatively large, and also, it becomes to be
possible to extend a time during which conversation by

telephone can be made in accordance with a battery

is Sheet Has Been Replaced

QT




11

capacity of the mobile terminal.

As |[above, by raising the case, as an example, in which
the vioice signal and the dafa signal are allocated to the
respective code channels, the reason why the transmisﬁion
power control should be conducted for each code channel in
case |of conducting the multi-code transmission was
explained. However, a kind of the signal to be transmitted
is not necessarily limited to the voice signal such as
conversation and:the data signal for the file exchange.
For example, there is also a case in which a dynamic image
data, a static image data and so forth are transmitted.

Also,| even in the voice signal, there are a case such as

conv?rsation in which relatively low wvolce quality is
alloﬁed, and also, a case such as music in which
relatively high quality is required. Even in daté
communication between computers, bit error rates required
for a layer of the transmission by means of the CDMA are

different from each other in accordance with an upward

protocol. Therefore, it is required to determine a bif
errof rate and 80 forth in accordance with a kind and
char%cteristic of a signal (data) to be transmitted, and
to péecisely conduct transmission power control in

can be also considered that a transfer route of é

accordance with the determined ratio.
It]

data]to be transmitted is changed for each code channel.
| : .
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In considering that a band width of a signal after
spreading is determined by a chip rate, since, if chip
rates are the same, a spreading galn is improved as a data
rate becomes to be lower, ié is possible to make
transmission power small by ‘the improvement. From this
point also, it is regquired to precisely conduct
transmission power control for each code channel.

Now., out of the methods of conducting the transmission
power control for each code ¢hannel in this manner, a
method can most easily be imégined, in which a plurality
of circuits from the signal source 104 to wvariable gain
circuit 118 in the circuit shown in Fig. 7 are prepared in
accordance with the number of code channels to be used,
and outputs from the plurality of variable gain circuits
are added to ecach other in an analog manner by a high
frequency signal adder (wave coupler), and a signal after
the addition is input to thé transmitter. Fig. 9 is a
block diagram showlng an ‘arrangement of a mobile terminal
for ¢ontrolling transmission power by means of the method
mentioned here, in which N is equal to two, that is, the
number of the code channels to be used in the terminal is
two. In this mobile terminal 121, two series of clircuits
from: the signal source 104 to the variable gain circuit
118 in the mobile terminal 101 shown in Fig. 7 are simply

mounted. In Fig. 9, by addiﬁg one of letters A and B to a
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symbol, it is clearly shown that each component belongs to
whichl series. In other words, a circuit corresponding to a
code [channel A is a circuit from the signal source 104A to
the viariable gain circuit 118A, and a circuit
corresponding to a code chanhel B is a circuilt from the
signal source 104B to the variable gain circuit 118B. In
addition, spread codes used in the spreading circuits 115A
and 115B are spread codes of the code channels A and B,
respectively, and therefore, the spreading circuits 115A
and 115B use spread codes different from each other. Also,
the gscillation circuit 119 for generating a carrier
signal is provided for the modulators 117A and 117B in
common. The outputs from both the variable gain circuits
118A |and 118B are added to each other in an analog manner
by the signal adder (wave coupler) 122, and an output from
the ;ignal adder 122 is inputlto the transmitter 114. As a
result., a signal generated by adding the transmission

signals of the code channels A and B to each other is

tran%mitted to the base station 102.

Th% base station 102 considers the code channels A and B
as iﬂdividual channels, respectively, and transmits a TPCA
signél and a TPCB signal to the mobile terminal 121, which
are TPC signals for each code channel. The mobile terminal

121 meceives a signal from the base station 101, and

controls the variable gain circuits 118A and 118B.
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respectively, using the received TPCA signal and TPCB
signal Thereby, closed loop power control for each code
channel 1s conducted.

However, in case that the control of the transmission
poweT for each code channel.is conducted using the circuit
shown in Fig. 9 in conducting the multi-code transmission,
there is a task that this circuit is simply constructed by
moun?ing a plurality of circuits from the signal source to
the éariable gain circuilt jﬁst before the transmitter,
which corresponds to the number of the malti-code, and
that [a circuit scale thereof is not different =1} much.from
that in the case of using individual mobile terminals for
each [code channel Especlally, since high frequency

clrcuits such as modulators and D/A converters are

prov;ded in accordance with the number of the code
chanAels. electric power‘consumption becomes to be larger
than {that in a usual terminai. Especially, to provide a
plurality of D/A converters'directly results in the
increase of electric power eonsumption. Ultimately, in the
arra%gement shown in Fig. 9; the sense that the terminal
approPriate for the multi- code transmission is arranged
cannot be accomplished. Furthermore, since there are a
Plurality of code channels in the case of the multi-code

transmission, the control of the transmission power is

complicated, and in the arrengement shown in Filg. 9, there

I

This Sheet Has Been Repl

Hlllll |




is al

15

so0 a task that this control is not rationalized.

SUMMARY OF : THE INVENTION

The objective of the present invention is to provide a

trans

mission power control method and apparatus for

conducting transmission power control during multi-code

trans

alect

smission, which can reduce a circuit scale and

ric power consumption more and is capable of

conducting optimum power coﬁtrol.

The

methc

objective of the present invention is to provide a

d of adjusting transmission power in a CDMA terminal

for code division multiple access communication with

sprea

d spectrum system and transmitting information using

2 plurality of code channels. sald method comprising steps

of: generating base band signals by spreading data every

code

every

over

channel; adjusting levels of said base band signals
code channel; adding said adjusted base band signals

sald plurality of code chanrnels; modulating based on

a signal after addition to generate a high frequency

signa

and s

1: adjusting a level of said high frequency signal;

ending sald adljusted high frequency signal to the

other‘ station.

In

the transmission power adjusting method of the

present invention, it is preferable that an adjustment in

quantity of levels of the base band signals every code

channel and an adjustment in gquantity of a level of the
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high frequency signal are determined based on a control
signal from the other statidn such as a base station. In
this case, levels of the base band signals cannot be
changed and only a level of the high frequency signal can
be changed when the control signal is for increasing or
decreasing the levels by a constant in quantity common to
each icode channel, and also{ a total average level of
transmission signals of the code channels can be adjusted
by the step of adjusting_a level of the high frequency
signdl, and a difference ﬁfﬁlévels between the code
channels can be adjusted by.the step of adjusting levels
of the base band signals every code channel.(Total average
level means commonly changing portion of transmit signal
level)

The objective'of the present invention is to provide
an apparatus for adjusting transmission power in a CDMA
terminal for code division multiple access communication
with spread spectrum system ;nd transmitting information
using a plurallty of code channels, comprising: a
plurality of spreading means disposed for each code
channel, said spreading means for spreading data; a
plurality of first variable gain control means disposed
for said each code channel, said first variable gain
control means for adjusting ;evels of output signals from

said spreading means; addér for adding outputs from each
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of s?id first variable gain control means: modulator for
modulating based on an outpuf from said adder, and
outputting a high frequency signal; and second variable
gain |control means for adjusting a level of sald high
frequency signal.

In [the transmission power adjusting apparatus for the
CDMA |terminal of the present invention, it is éspecially
preferable that a transmitter for sending an output signal
from {the second variable gain control circuit to the other
station such as a base station is provided. Also, it is
prefﬁrable that each of the:spreading circuits and each of
the first variable gain control means are disposed in.a
digiﬁal signal processing circuit section, and that tﬁe
second variable gain controi means is constructed as a
high |[frequency analog cifcuitl

In [the transmission power adjusting apparatus of the

presﬁnt Invention, it is general that the transmission
poweﬁ is adjusted based on a'ﬁontrol slgnal from the other
statﬂon such as a base station. For that, control means

can ie provided for determin;ng a level adjustment in
quantiity in each of the first variable gain control means
and t%e second variable gaintcontrol means based on a
contﬁol signal from the other station, for example. As the
contﬁol means, a level control calculating circuit is used,

for example, which will be mentioned below in an
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embodiment. In this case, a total average level of
tranﬁmission signals of the code channels can be adjusted
by tﬁe second variable gain:qontrol means, and a
différence of levels between the code channels can be.
adjusted by the first variable gain control means.

Furthermore, a difference.of levels between the code
channels is previously set, and only a level édjustment in
quantity of the second variable gain control means can be
controlled in accordance with a level control signal from
the ?ther station. Iﬁ this case, a level setting circuit
can fe provided for setting a level adjustment in quantity
in edch of the first variable gailn control means based on
a required level difference between the code channels.
Also: the level difference between the code channels can
be determined using information with respect to
chardcteristic of a tranémission data in the each code
channel.

BRIEF DESCRIPTION OF THE DRAWINGS

Thﬂs and other objects, features and advantages of the
pres%nt invention will become more apparent upon a reading
of tge following detailed description and drawings, in
which; : |

Figr 1l is a block diagram showing an arrangement of a

mobiﬂe terminal of the first: embodiment of the present

invention; o —
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Fié. 2 1s a flowchart ;hoﬁing one example of processing
procedure of transmission péwer control:

Fig. 3 is a flowchart sho&ing one example of processing
procedure of transmission pdwer control;

Fiq. 4 is a block diagram showing an arrangement of a
mobiie terminal of the secoﬁq embodiment of the present
inveétion:

Fié. 5 is a block diagram showing an arrangement of a
mobile terminal of the third embodiment of the present
inve?tion; '.

Fié 6 is a block diagram showing an arrangement of a
mobile terminal of the fourth embodiment of the present
lnveqtlon;

Fié. 7 is a block diagram showing an arrangement of a
conv?ntional mobile terminaiausing CDMA ;

Fiq. 8 is a block diagfam.showing a general arrangement
of a|spreading clrcuit:

Fié. 9 is a block diagram:ghowing an arrangement that is
considered in case of condudting control of transmission
powe# for each code channel.in a mobile terminal in which
the éumber of code channels:is two.

| DESCRIPTION OF THE EMBODIMENTS

Neét. preferable embodime@ts of the present invention
willibe explained by referring to the drawings.

The f£irst embodiment
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Fig. 1 1s a block diagram showing an arrangement of a
mobile terminal of the f£irst embodiment including a
tran%mission power control apparatus of the present
inveétion. Here, the case will be explained, in which the

numb%r of code channels of a.multi-code is two. Here, the
two éode channels axe disfinguished from each other by
addiJg letters A and B.

Signal sources 4A and 4B for generating data streams of
codelchannels A and B, re%péctively. are connected to a

mobile terminal 1. Also. the mobile terminal 1 includes a

recelver 12 connected to a reception antenna 11, a

tran%mitter 14 connected to a transmission antenna 13,
spre%ding circuits 15A and 15B for recelving data streams
fromithe signal sources 4A and 4B, respectively. and
vari%ble gain circuits 16A aﬁd lé6B disposed.on output
sides of the spreading circuits 15A and 15B, respectively.
Afﬁer applying'erro; correction coding and a process
suchias interleave and-enbrypt to data streams f£rom the
sign%l sources 4A and 4B, the spreading circulits 154 and
158 %pread using a spreadinj code corresponding to an
alloéated_code channel, énd gutput base band signals. The
spre%ding circuit 15A uses the spreading code for the code
chanﬁel A, and the spreading circuit 15B uses the
spre%ding code for the code channel B. Here, since a

l .
tranﬁmission signal modulated by QPSK is transmitted to a

eet Has Been Replaced

T



base |station 2 from the mobile terminal 1, the spreading

circdit 15A of the code channel A outputs an in-phase
comp%nent JA and an orthogonal component QA of the base
bandisignal, and similarly,.the spreading circuit 15B of
the éode channel B outputs an inQphase component IB and an
orthﬁgonal component QB of tﬁe base band signal. Also, an
inteﬁnal ¢ircuit arrangemeﬁt pf the spreading circuits 15A
and 1I5R is the same as the ihternal arrangement of the
spredding circuit explained.by using Fig. 8.

The| variable gain circuit 16A adjust; levels of the in-
phase component IA and the orthogonal component QA of the
base |band signal of the code channel A, and the variable
gain |circult 16B adjusts levels of the in-phase component
IB and the orthogonal component QA of the base band signal
of tHe code channel B. .

Fur'thermore, aﬁ adder 17 for conducting vector addition
of tHe in-phase components fA and IB of the base band

signdl of each code channel and outputting a result as a

combined in-phase component I, and an adder 18 for

conducting wvector additiop of the orthogonal components QA
and QB and outputting a result as a combined orthogonél
compénent Q are provided on.output sides of the variable
gainicircuits 16A and 16B. in other words, the followings
are éstablished with resﬁecf_to the in-phase component I

|
and the orthogonal component Q output from the adders 17
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and 18, respectively:

H
[}

IA + IB (5)
Q|

In |the mobile terminal 1 of this embodiment, the

QA + QB (6)

spreading circuits 15A and 15B, the wvariable gain circuits
162 and 16B, and the adders 17 and 18 constitute a diéital
signal processing circuit section 5 for conducting digital

signal processing. The spreading circulits 15A and 15B

geneqate signals by spreédiné the data streams from the
signll sources 4A and 4B with spreading codes, and output
multilevel digital signals ﬁépresenting an instant value
of the generated signals évéty moment as base band signals.
The variable gain circuits iﬁA and 16B can be constructed
of coefficient multipliers (ﬁultipliers), for example, and
adjust levels by multiplyiné the multilevel digital

signals that are outputs from the spreading circuits 15A

and 15B by a value corresponding to a level adjustment
valug, and also, output a result thereof as digital wvalues.
The adders 17 and 18foutput as digital values the in-phase
compcnent I and the orthogonal component Q combined every
mome?t, respectively. by digital calculation.

A ?/A (Digital/Analog) converter 19 for converting a
signal of a digital value iﬁto an analog signal is
provided on an output gide df the adders 17 and 18. The

D/A converter 19 converts tﬁe in-phase component I and the
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orthagonal component Q of the base band signals that are
digitlal signals. respectivexy, and outputs an in-phase
compgnent I and an oxthogonal component Q of analog
signals, and the in-~phase coﬁponent I and the orthogonal
compgnent Q of these analog signals are input to a

modullator 20. An oscillation circuit 21 for generating a

high'frequency signal that is a carrier signal is
conn%cted to the modulator 20, and the modulator 20
appl#es orthogonal modulation to the carrier signal by
meané of QPSK based on the iﬂ—phase component I and the
orth%gonal component Q of tﬁe base band signals from the
D/A éonverter 19, and outpu;s.a transmilssion signal. This
tranémission signal is input to the transmitter 14 through
a vaﬁiable gain circuit 22, apd thereby, the transmission
signél is transmitted to a side of the base station 2.
Here, the variable gain circuit 22 is for conducting a
level adjustment of the transmission signal, and is
constructed of an amplifier capable of varying a gain or

an alltenuator capable of'#arying an amount of attenuation.

Furnthermore, in this mobile terminal 1, a level control

calculating circﬁit 23 is prbvided for controlling a level
adju%tment value at the variable gain circuits 16A, 16B
and 2|2 A TPCA s:i;gnal and a TPCB signal that are TPC
sign%ls for each code channél are input to the level

' .
control calculating circuit 23 from the receiver 12, and
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the level control calculating circuit 23 outputs control
signals A, B and C for a level adjustment to the variable
gain |circuits 16A, 16B ang'zz, respectively, based on
thesqg TPCA signal and TPCB sﬁgnal.

Ultimately, there are diffeiences of the mobile terminal
1l shown in Fig. 1 from fhe mobile terminal 121 shown in

Fig. |9 in the points that thé mobile terminal 1 is

constructed so as to conduct QPSK modulation after
combanlng base band signals of both the code channels, and
the wariable gain circuits 16A and 16B for each code
chanéel are provided in the cigital signal processing
circqit section 5 and the variable gain circuit 22 for
acti@g upon both the code chahnels in common is included
in tﬁe high frequency analog.circuit. and the level
contﬁol calculating circuit 23 is provided for properly
oper%ting the variable gain pircuits 16A, 16B and 22. In
othe% woxrds, in this mobile terminal 1, three gain control
circ@its exist in all.

Nexi. operation-of this mobile terminal 1 will be
expl%ined.

Th% data streams of each code channel are input to the
spreading circuits 15A and 15B from the signal sources 4A
and gB. and after spreadlng is applied, are converted into
baselband signals of an 1n-phase component and an

orthdagonal component. After a level adqutment with
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respect to these base band signals is conducted for every
code |channel by the variable gain circuits 16A and 16B,
in-pliase components are added to each other by the adder

17 arnd orthogonal components are added to each other by

the 4dder 18, and an in-phase ccmponent I and an

orth%gonal component Q afte#'combination can be obtained.
Sign%ls of these in-phase cdﬁponent I and orthogonal
compénent Q are converted into analog signals,
respéctively, by the D/A'coﬁVerter 19, and thereafter, are
inpu€ to the modulator 20. Thereby, a four phases PSK
moduiated high frequency signal is obtained as a
transmission signal, and this transmission signal is
transmitted to the base station 2 through the wariable
gain |circuit 22 and the transmit;er 14.

Th% base station 2 receives a signal of each code
chanAel from the mobile terminal 1, determines whether a
reception level is a proper "level for every code channel.
and transmits to the mobile terminal 1 a TPCA signal and a
TPCB [signal that are power cdntrol signals for each code
chanﬁel, in accordance with a determination result. In the
mobiie terminal 1, the receiver 12 receives these TPCA
signél and TPCB signal, and the recelved TPCA signal and
TPCB |signal are sent to the level control calculating

circ?it 23. The level contrél calculating circuit 23

controls the variable gain circuits 16a, 16B and 222 based
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on tqe TPCA signal and the TPCB signal.

Heﬁe, the control of the vﬁiiable gain circuits 16A, 16B
and %2 based on the TPCA signal and the TPCB signal will
be e#plained in detail. ngeupon, it is assumed that the
poweﬁ control signals (the TPCA'signal and the TPCB
signal) of each code channel are for instructing one of
the ﬁncrease or decrease of transm1551on power of the code
chanqel, and are periodically transmitted from the base
station 2 (while being inclqded in a pilot signal part of
eachitransmission slot, for example).

Si&ce, in the variable'gain circuit 22 within the high
freqdency analog circuit éedtion, out of the three
variﬁble gain circuits, alwide dvnamic range that exceeds
80 dﬁ can be obtained, it iélpreferable to control a total
averége and large common vafiation of the two code
channels by this varlable galn circuit 22. On the contrary

51nce the individual varlable gain cilrcuits 16A and 16B

for the code channels are arrandged inside of the digital
signdl processing circuit 5, respectively, and since a

dynamic range of at most abQut 20 dB can be obtained due

to the restriction of a Word Jength of the D/A converter
19, ﬂt is preferable to 1imit‘the variable gain circuilts
16A énd 16B to the use foi setting a level difference
between the code'channelsf A§cordingly, a control process

shown in Fig. 2 1s performed. In this figure. variables 23,

This Sheet Has Been Replac

[T




27

B an& C are gains in a dB u#it of the variable gain
circuits 16A, 16B and 22. respectively. Also, the meaning
of edch condition is as félIoﬁs:

@ TP&A = UP: Increase transmissidn power of a code
channel A by 1 dB

() TPCA = DOWN: Decrease'trqnsmission power of a code
channel A by 1 dB

() TPCB = UP: Increase transmission power of a code

chanﬂel B by 1 dB
QD TP?B = DOWN: Decrease transmission power of a code
channel B by 1 dB |

First, at STEP 51, the meaﬁing of the TPCA signal and
the TPCB signal is analyzed;'and the process branches off

in accordance with the condi;ion.

In case of TPCA = UP and TPCB = UP, at STEP 52, a

contéol signal C is output so as to increase a gain C of
the ﬁariable gain circuit 2; 5y 1 4B, and the process ends.
Similarly, in case of TPCA = DOWN and TPCB = DOWN, at STEP
53, the control signal C is butput so as to decrease the
gain |C of the variable gain circuit 22 by 1 4B, and the
process ends. Ultimately, when both the TPCA signal and
TPCB |signal are UP or DOWN,Ethe transmission power control
is cdnducted by using only the variable gain circuit 22 in
the high frequency aanalog ci:cuit section.

On {the other hand, in case that one of the TPCA signal

This Sheet Has Been Replaced

TR




- 28

and the TPCB signal is UP and the other is DOWN, if the
variable gain circuits lﬁk énd 16B are within a control
range, the control is conducted by using them, and if the
variable gain circuits 16@ and 16B are out of the control
range, the control 1is conduc;ed together with the variable
gain |circuit 22. In other wqrds, in case of TPCA = UP and
TPCB |= DOWN, first, it is determined whether a gain A of
the wvariable gain circuit 16A is a maximum value (MAX)

(STEP 54), and if it is the maximum value, the process

directly moves to STEP 56, apd if it is not the maximum
valui. after the gain A is increased by 1 dB at STEP 55,
the process moves to STEP 56. At STEP 56, it is determined
whether a gain B of the variable gain cilrcuit 16B 1is a
minimum value (MIN), and if it is not the minimum value,
after the gain B is decrgasgd by 1 dB at STEP 57, the
process ends, and if 1t.is the minimum value, after the

gain |C of the variable gain circuit 22 is decreased by 1

dB at STEP 58, the process ends.

Siéilarly, in case of iPCA = DOWN and TPCB = UP, first,
it i% determined_whether:thé-gain B of the variable gain
circéit 16B is a maximum vaiue (MAX) (STEP 59). and if it
is tﬁe maximum value, the p#ocess directly moves to STEP
61, and if it is not the magimum value, after the gain B

is increased by 1 4B at STEP 60. the process moves to STEP

61. At STEP 61, it is determined whethe; the gain A of the
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varlable gain circuit 16A is a minimum value (MIN), and if
it 1§ not the minimum value, after the gain A is decreased
by 1EdB at STEP 62, the piocgss ends, and if it is the
miniﬁum value, after the gaiﬁ C of the variable gain
circéit 22 1s decreased by 1 4B at STEP 63, the pProcess
ends{

In‘accordance with a mode gf the design of the mobile
commqnication system by means of the CDMA, with respect to
the fransmission_power of the code channel, the power
contgol signals (the TPCA siﬁnal and the TPCB signal) for

each |code channel instruct not only to increase it by 1 dB

(UP) |and decrease it by 1 dB' (DOWN), for example, but also

not to change the transmission power (NOP). In this case,
one 6f the power control signals (the TPCA signal and the
TPCB |signal) for every code channel is not for changing a

transmission level. Even injéuch a case, basically, the

varigble gain circuits 16A dnd 16B deal with the control,

and if the variable gain circuits 16A and 16B cannot deal
withithe control due to a reiation of the control range,
the.%ontrol is conducted togéther with the vaiiable gain
circéit 22,

Flé. 3 is a flowchart showing a control process in case
that!power control signals ﬁfovide three instructions such

f . .
as increase of transmission power (UP), decrease of the

transm1551on power (DOWN) and no change of the
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transmission power (NOP).
First, it is determined whether at least one of the TPCA

signdl and the TPCB signal is NOP (STEP 70), and if both

signﬁls are not NOP, processing same as the above-
mentioned processing shown in Fig. 2 is conducted (as
illustrated as A}. If at leést one is NOP, the meaning of
the qPCA signal and the TPCB signal is then analyzed, and
the ﬁrocess branches off infaccordance with the condition
(STEPl‘ 71). -

As @A result of the branchihg off of the process in
accordance with the condition, in case of TPCA = DOWN and
TPCB |= NOP, at STEP 72, it is determined whether the gain
A of |the varlable gain circuit A is a minimum value, and
if it is not the minimum value, after the gain A is
decreased by 1 dB at STEP 73, the process ends, and 1f 1t
is the minimum value, since'the gain A is not decreased
more [than this, at STEP 74. .the gain B of the variable
gain |circuit B is increased by 1 dB and the gain C of the
variable gain circuit C is décreased by 1 dB, and as a
whole, the gain of the codeléhannel A is decreased by 1 dB
and éhe gain of the code channel B remains as it is.
Similarly, in case of TPCA = UP and TPCB = NOP, at STEP 75,
it is determined whether the gain A is a maximum value,
and if it is not the maximum value, after the gain A 1is

increased by 1 dB at STEP 76, the process ends, and if it
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|
is tﬁe maximum value, at STEP 77, the gain B 1s decreased
by 1.dB and the gain C.is iricreased by 1 dB. In case of
TPCA (= NOP and TPCB = DOWN, at STEP 78, it is determined
whether the gain B is a minimum value, and if it is not
the minimum value, after the:gain B is decreased by 1 4B
at STEP 79, the process ends, and if it is the minimum

value, at STEP 80, the gain A is increased by 1 dB and the

gain [C is decreased by 1 dB. Also, in case of TPCA = NOP

and QPCB = UP, at STEP 81, it is determined whether the
gain |B is a maximum value, and if it is not the maximum
valué, after the gain B 1s increased by 1 dB at STEP 82,
the érocess ends, and if it is the maximum value, at STEP
83, ﬁhe gain A is decreased_py 1 4B and the gain C is
incrqased by 1 dB. In case of TPCA = NOP and TPCB = NOP,
the process ends as it is-without doing anything.

In |addition, the process of the transmission power

adjustment in the mobile terminal 1 1s not necessarily

limiéed to that shown 1n Figf 2 (or Fig. 3). It is
possible to adjust a total average transmission level of
the code channels A and B bf the variable gailn circuilt 22
and to adjust a level difference between the code channels
A ané B by the variable gaiﬂ circuits 16A and 16B.
Diéferent from the conventional mobile terminal shown in
Fig.iQ..in the mébile termiﬁal of the first embodiment as

explqined above, since the number of the D/A converter.
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the modulator, and the variable gain circuit disposed in
the qigh frequency analog circuit section is one,
resp%ctively,-the increass of a circuit scale and electric
poweg consumption can be suépressed. Also, the individual
variable gain circuits 1l6A éﬁd 16B for each code channei
are %rov1ded within the dlgltal signal processing circuit
sect%on 5, and thereby, it is possible to set a level
différence between the code_channels during the multl'code
tran%mission.

Th% second embodiment

Aléhough the number N of the code channels is two in the
abov?-mentioned first embodiment, Fig. 4 shows an |
arraﬂgement of a mobile terminal 6 in case that the number
of the code channels is M (M 3). This mobile terminal

is c?nnected to M signal sources 4A - 4M, and M series of
arraigements, each of whichlis from a spreading circuit to
a variable gain circuit on é digital side, are provided 1n
a diéital signal processing :circuit section 5. In other
Wordé, the digital signal pfocessing circulit section 5
inclédes M spreading circuifs 1524 - 15M and M variable
galn[circults 16A - 16M, and 1n-phase signals IA - IM from
each]of the variable gain circuits 16A - 16M are added to
eachiother in an.adder 17 apd an ip-phase signal I is
gene#ated, and similarly, orthogonal slignals QA - OM from

each|of the variable gain circuits 16A - 16M are added to

l This Sheet Has Been Replaced

| i




each pther in an adder 18 and an in-phase signal Q 1is
generated A level control calculatlng circuit 23A
conducts control of the variable gain circuits 16A - 16M
and 2p. An arrangement on an output side of the adders 17
and lk is the same as that ip the case of the first
emboiiment.

Inithis mobile terminal 6,.the level control calculating
circ%it 23A detefmines a ;eve; adjustment in quantity in
the ﬁariable gain circuits 16A - 16M and 22 based on a TPC
signél for each code channel transmitted from the base
statéon 2. Particularly, fo; example, an average
tranémission signal level of_each code channel can be
adjueted by the variable gain.circuit 22, and a level
dlfference between the code channels can be adjusted by
the va_riable gain circuits 16A - 16M.

Even though the number of the code channels which are
usediby the mobile terminal is egual to or more than three,
it cen be understood that if an arrangement within the
digiéal_signal processing circuit section 5 in the mobile
terminal of the first embodiment is modified., the
arraégement is applicable. Therefoie, even though the
number of the code channels that are used increases, it 1s
poss%ble to suppress the increase of a circuit scale and
eleciric power consumption.

The third embodiment
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In case of using a plurality of code channels 1n a
single mobile terminal, reception levels necessary for
everﬂ code chamnel on a side of the base station are
deteI ined by an error cc:recting method, a spreading
ratiod G and a required standard of an error rate (which is
abouj 10~ for voice communication and about 10 for data
commqnication, for example) in the respective code
chanﬁels. However. a differéhce between these reception
leveis is considered to be almost constant. Therefore, if
considerlng that these code channels are transmitted from
the %ame mobile terminal, although transmission powexr
itse%f has to be‘controlled within a fairly wide range, 1t
is cénsidered that a difference of required transmission
powe£ between the code chanmnels is specifically determined
in accordance with a differéqce of transmission methods
and éo forth.

Accordingly, iﬁ the kind of the signal sources 4A and 4B
are ?nderstood in the mobilc'terminal of the first
embodiment, it is considered that a required transmission
leve} difference between.the:code channels 1is specifically '
deteémined. A mobile terminal 7 shown in Fig. 5 is
constructed so that a level, setting circuit 24 is provided
for discrxmlnatlng the kind of signals of the signal

sources 4A and 4B, calculating a level difference between

the tode channels A and B and conducting the setting of
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the wvariable gain circuits 1§A and 16B, instead of

providing the level control calculating circuit 23 in the

mobilk terminal 1 shown in Fig. 1. If a relative level
diffe%ence is set in the yariéble gain circuits 162 and
168 b& the level setting.cirbuit 24 that is uniquely
included in the mobile termipal 7. power control can be
realilzed by controlling the var1able gain circuit 22 using
a power control signal (one of a TPCA signal and a TPCB
signal, simply referred to as a TPC signal, hereinafter)
from |[the base station 2.

Also, if an arrangement is gdopted, in which a relative
ievel between the code channels is previously calculated
based on a bit rate, an erroxr correcting method, a
spreading ratio, a required error rate and so forth, and

the calculated level is stored in a ROM (Read Only Memory)

and is read from the level éetting circuit 24, it is not
neceSsaiy to conduct a c&lculation, and it is possible to
simp%ify a circuit more anq'to reduce electric power
consémption.

Thé fourth embodiment

Inleach of the above- _described embodiments, if the
number of the code channels is M, M + 1 variable gain
circuits in all. which are consisted of M variable gailn
circ?its, and one variable gain circuit on an output side

of a|modulator, are provided within the_digital signal

This Sheet Has Been Replaced



36

processing circuit 5. However, since the number of the

code

channels, which is an object to be controlled, is M,

originally, it should be appropriate to provide M variable

gain

circuits in all. If considering that an enough

dynamic range cannot be provided in the variable gain

circuits disposed within the digital signal processing

clrcuit section, the variable gain circuit within the high

frequency circuit section’ is essential., Accordingly, an

arrangement can be considered, in which the variable gain

circuit for specific one 6odé channel is omitted in the

digitial. signal processing circuit section.

Fig. 6 is a block diagram showing an arrangement in case

of M

= 2, in which a variable gain circuit for specific

one codes channel is removed. This mobile terminal 8 is

constructed so that the variable gain circuit 1l6A on a

side

of the code channel A in the mobile terminal 1 shown

in Fig. 1 is removed, and base band signals of an in-phase

comp

nent and an orthogonal'component from the spreading

circuit 15A are directly input to the adders 17 and 18,

respectively. Also, the level control calculating circuit

23 controls the variable gain circuits 16B and 22 based on

a TPCA signal and a TPCB signal.

In
of tl

the 1

the case of this mobile terminal 8, since the number
1e code channels coincildes with the total number of

variable gain circuits, when a level adjustment value
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for every code channel is given, a level adjustment in
quantfity at each variable gain circuit is specifically
deterpined. In case of adjusﬁing a level of only the code
chan&el A, for example, the ievel can be adjusted by an
amount corresponding to the aﬁjustment in quantity by
means of the variable gain circuit 22, and the level can
be adijusted by an amount coﬁresponding to that in which a
sign [of the adjustment in quantlty is reversed, by means

of the wvariable gain c1rcu1t 163 of the code channel B In

case |of adjusting a level of only the code channel B, the
levei can be adjusted based ﬁn the adjustment in quantity
by the variable gain circuit 16B. Further, in case of
adjuﬁting levels of both-thé:code channels, the levels can
be a&justed by an adjustmenﬁ,in quantity, which is

generated by combining the adjustment in quantity in the

caselof adjusting only the code channel A and the
adgu?tment in quantity in the case of adjusting only the
codelchannel B, by means of gach of the variable gain
circpits 16B and 22. o

Thé preferable embodiments of the present invention were
expl?ined above. However, the present invention is not
limi%ed to the above-mentioned embodimerits.

In| the above-mentioned emﬁqdiments, the transmission
power control at the mobile terminal in the mobile

commﬁnication system was.exb;ained. However. the present
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invention is applicable to a CDMA system other than the
moblile communication systém,'and for example, to a system
in which a terminal is assumed not to move. As such a

systeh, there is a wireless local loop system and so forth,

which 1s used, instead of a wire tele-communication
_netwﬁrk. in constructing a tele-communication network in
an area having small population density and in developing
countries. Also, with regard to the kind of the spread

specfrum system, it is not limited to the Direct Sequence

(DS), and frequency hopping.(FH) and chirp spreading. for
examéle, can be used. Furthermore, with regard to the
moduiation method in the modﬁlator, it is not limited to
orthégonal modulation’ by meqﬁs of QPSK, and a modulation
methéd such as 7 /4 shift QPSK, DPSK (differential phase
shifé keying), and BPSK (biﬁéry phase shift keying) can be
adop#ed.

Aéfexplained above, the pfésent invention effects an
advaétage that even in cése of using a plurality of code
channels and conducting the transmission power control for
ever? code channel, since only one variable gain circuit
for édjusting a level difﬁerénce between the code channels
is miéeded, which is to be dis:posed in a high frequency
circéit part, it is possiblézto suppress the increase of a

circuit scale and electric power consumption.
i .
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What is claimed is:

1 A method of adjusting transmission power in a CDMA
terminal for code division muitiple access communication
with |spread spectrum system gnd transmitting information
using a plurality of code ch&nnels, sald method comprising
steps of:
generating base band signals by spreading data every
code [channel; _
adjusting levels of said base band signals every
code |[channel;

adding said adjusted base band signals over said
plurality of code channels;:
mocdulating based on a sigﬁal after addition to generate
a high frequency signal; :

adjusting a level of said high frequency signal: and

sending said adjusted high frequency signal to the other
station. .

2 A method of adjusting transmission power in a CDMA
terminal according to claim 1, wherein an adjustment in
quantity of levels of said ﬁase band signals every code
channel and an adjustmenf 1#-quantity of a level of said
high |frequency signal are détermined based on a control
signal from said other station.

3 (A method of adjusting fransmission power 1in a CDMA

terminal according to claim 2, wherein levels of saild base
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band signals are not changed:;nd only a level of said high
frequpncy signal is changed when said control signal is

for increasing or decreasing_the levels by a constant in

quantity common to each of s?id code channels.

4 .@ method of adjusting transmission power in a CDMA
termﬂnal according to claim i, wherein said step of
adjuiting a levei of sajid high frequency signal comprises
a step of adjusting an tofai'average level of transmission
signgls of said code channeié and said step of adjusting
levells of said bése band sign'als every code channel
compnises a step of adjusting a difference of levels
betwéen said code channels.

5 A method of adjusting transmission power in a CDMA
terminal according to claim 1, further comprising a step
of d%termining a level difference of said base band
sign%ls between the code Ehannels i1n accordance with
charécteristic of a data to'ﬁe transmitted to each code
chanéel, and wherein a levei.for each code channel is
adju%ted in accordance with said determined level
différence. -

6 Q method of_adjusting transmission power in a CDMa
terminal according to claim 1 or 2. wherein an adjustment
of lévels said base band sigﬁals is not conducted for

spec%fic one code channel.

7 |A method of adjusting transmission power in a CDMA
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termihal according to claim 1, wherein said CDMA terminal
is a mobile station in a mobile communication system, and
said lother station is a base station in said mobile
communication system.

8 A method of adjusting transmission power in a CDMA

terminal according to claim 1, wherein said spread
specﬁrum sytem is direct sequence system.

9 gn aﬁparatus for adjﬁstiﬁg transmission powexr in a
CDMA |terminal for code division multiple access
communication with spread spéctrum system and transmitting
information using a plurélifj of code channels,
comprising:

a plurality of spreading ﬁéans disposed for each code

chanrnel, said spreading means for spreading data;

a ﬁlurality of first variéble gain control means
disposed for said each code chamnnel, said first variable
gainlcontrol means for adjusting levels of output signals
fromisaid spreading means;
| adder for adding outpﬁts from each of said first

varidble gain control means;:

modulator for modulating based on an output from said
adde#, and outputting a high.frequency signai: and

seéond variable gain cqntrdl means for adjusting a level

of séid high frequency signai.

10| An apparatus for adhusting transmission power in a
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CDMA'terminal according to claim 9, further comprising
transpitter for sending an output signal from said second
vari%ble galn control means ip the other station.

11 iAn apparatus for adjusting transmission power in a
CDMAiterminal according to ciaim 9, further comprising
contgol means for détermihing a level adjustment in
quantity in each of said first variable gain control means
and %aid second variable gain control means based on a
cont#ol signal from said bthér station.

12j An apparatus for adjus%ing transmission power in a
CDMAfterminal according to ¢laim 11, wherein a total
aver%ge level of transmiséidn signals of said code
chanﬁels is adjusted by said second variable gain control
meanﬁ. and a difference of levels between the code
chanﬁels is adjusted by saii first variable gain control
mean%-*

13% An apparatus for adjusting transmission power in a
CDMAiterminal according to élaim 9, further comprising;

l%vel setting circuit for.setting a level adjustment in
quanﬁity in each of said first variable gain control means
baseé on a required level difference between said code
chan$els and

co#trol means for determining a level adjustment in
quan%ity in said second variéble galn control means based

on ajcontrol signal from said other station.

This Sheet Has Been Repl

[T




N,

14 An apparatus for adjusting transmission power in a
CDMA terminal according to claim 13, wherein said regquired
level difference is determined using information with
respect to characteristic of a transmission data in said
each code channel.

15 An apparatus for adjusting transmission power 1n a
CDMA terminal according to claim 9, wherein said first
variable gain control means is not disposed in specific
one code channel.

16 | An apparatus for adjusting transmission power in a
CDMA 'terminal according to claim 9, wherein each of said
spreading clrcuits and each:of said first variable ga;n
control means are disposed in a digital signal processing
circuit section, and said seéond variable gain control
means is constructed as a high frequency analog circuit.

17 | An apparatus for adjus%ing transmission power in a
CDMA |terminal according to claim 9, wherein said CDMA
terminal is a mobile station in a mobile communication
systém, and said other station is a base station in said
mobile communication systemf

18 An apparatus for adjusting transmission power in a
CDMA terminal according to claim 9, wherein said spread
spectrum system is dilrect segquence system.

19 An apparatus for adjusting transmission power in a

mobile station for code division multiple access
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communication with direct sequence system of spread
spectrum system and transmitting information using a

plurallity of code channels, comprising:

a pFurality of spreading mgans disposed for each code
channel, said spreading means for spreading data;

a plurality of first variable gain control means
disposed for said each code ghannel, said first varijiable
gain |[control means for adjus;ing levels of output signals

from [sald spreading means;

adéer for adding outputs ﬁﬁom each of said first
vari%ble gain control means;
moéulator for modulating %Hsed on an output from said
adde?, and oﬁtputting a higﬁ‘frequency signal:

seéond variable gain control means for adjusting a level
of s%id high frequency sigﬁél:

trénsmitter for sending an output signal from said
secogd variable gain control means to the base station the
otheé station; aﬁd

coptrol means for determlnlng a level adjustment in
quan%ity in each of said first variable gain control means
and Sald second variable galn control means based on a
control signal from sald other station.

20. An apparatus for adjusting transmissilion power in a

CDMA| terminal accordlng to claim 19, wherein a total

avergge level of transm1551on signals of said code
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channels is adjusted by said second variable gain control

means| and a difference of levels between the code

channegls is adjusted by said first variable gain control

means.

21

cbMAa

An apparatus for adjusting transmission power in a

terminal according to claim 19, further comprising:

level setting circuit for;setting a level adjustment in

gquantity in each of said first variable gain control means

based on a required level difference between said code

channels and

control means for determining a level adjustment in

quantity in sald second variable gain control means based

on a
22

CDMA

contrel signal from said other station.
An apparatus for adjusting transmission power in a

terminal according to claim 19, wherein saild required

level difference is determined using information with

respect to characteristic of a transmission data in said

each
23
CDMA
vari
one
24

CDMA

code channel.

An apparatus for adjusting transmission power in a

terminal according to.élaim 19, wherein said first
able gain control means-is not disposed in specific
code channel.

An apparatus for adjusfing transmission power in a

terminal according to claim 19, wherein each of said

spreading circuits and each of said first variable gain

This Sheet Has Been Replaced




L

contrpl means are disposed in a digital signal processing
circuit section, and said second variable gain control

means| 1s constructed as a'hiéh frequency analog circuit.

eet Has Been Replaced

T




