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AND APPARATUS FOR ADJUSTING TRANSMISSION POWER OF A 
. I 

i 

CDMA TERMINAL 

BACKGROUND OF THE 'INVENTION : 

The present invention relates to a communication 

term±nal apparatus by means of CDMA {Code Division 

i 
Mult:ilple Access) utilizing spread spectrmn ~:ystem, and 

I 
espeqially to a method of 

tran~mission power in one 

and an apparat~s ~~r contro11ing 
. \---.if 

communication terffiinal apparatus 
; 
I 

in c~se of conducting multi-code transmi.ssi6n in which a 

plurdlity of spreading code .channels are altocated to the 

conun~nication terminal apparatus, and there*y· 

tran~mission capacity is enlarged. 
; 

In :a mobile communication system having a:base station 
I 

' 

i 

and ~ plurality of mobile communication terminals, as a 

connection method in which the number of .terminals capable 
i 

! 
of b~ing accommodated in the system is incr~ased, a{.l.d 

j 

which is capable of flexibly corresponding to a change of 
! ! 

a tr$ismission speed, CDMA in which a sprea~ spectrum 

syst~m is applied has been watched. 
i 

i 

Injcase of mobile communication by means of the CDMA. 

' 
espeqially in case of using Direct Sequence:CDS) as a 

methqd of spread spectrum. ~f transmission power from the 

I 
.mobi1e connnunication te:r.:minals is the same as each other, 

I 

I 
since a reception electric f ~eld at the base station is 

! ! 
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I 
I 

genenally in inverse proportion to a square of a distance 

betwJen the base station and the mobile communication 
I I 

tejnals, a weak radio w~ve from the tenni.~al far from 

the tiase station is strongiy interfered with a strong 

radid wave from the terminal near the base ~tation, and a 
I 

radiQ wave from the remote terminal cannot be normally 
I 

i 
rece~ved at the base station. Accordingly, it is necessary 

I to c~ntrol the transmi:ssion power for each ~erminal so 
I I 

that jstrength of received radio waves from ~ach terminal 

is aJ.lmost the same as each other at a posit~on of the base 

statJon. 
I 

I I 

conventionally, in the mobile communication system by 

rneanJ of the CDMA, it 1s usual that one code channel is 

allodated to one terminal that is used by aiuser. Here, 
I 

the code channel is a communication channel1that is I , 
specified by a spreading code (pseudorandorn:noise code) 

I 

beinJ used for spreading. 

I Fig. 7 1s a block diagram simply showing a conventional 

mobi1e terminal 101 in accordance with a CDMA method !rom 
I 
I an a,pect of transmission po~er cont~ol, an1 here. it is 

assumed that data transmission is conducted!from the I ; 

mobile terminal 101 to a base station 102 using only one : 
code channel. The data to be transmitted is supplied to 

a signal source 104 connected the mob~le terminal 101 from 
I 

to tne mobile tenni.nal 101. 
I 

I 
i 
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I 
The 

I 

I 

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

is sometimes a high speed multi-media data that is output 
I 
I 

from a computer. In any event1 it is ass:wne4 that the 

signal source 104 is for outputting a data 

rate lof R bits/second. 

stream at a bit 

I 
Pr,vided in the mobile terminal 101 are a·receiver 112 

conn~cted to a reception antenna 111, a tr~smitter li4 
I 

conn~cted to a transmission antenna 113, a ~pread.ing 
I ! 

circuit 115 to which a data stream from theisignal source 
I . 

104 ~s input, a D/A (Digital/Analog) converter 116 for 

convJrting a digital signal output from thelspreading 
I i 

circuit 115 into an analog signal, a modulator 117 for 
I . . 

appl~ing orthogonal modulation to a carrier:wave based on 

an output from the D/A converter 116. a variable gain 

circdit 118 inserted between an output of t~e modulator 

117 Jnd an input of the transmitter 114. An~oscillation 
I 

circ~it 119 for. generating a high frequencyisignal that is 
i 

a ca~rier signal is connected to the modulator 117. 
i ' 

After applying error correction coding and a process 
I 

I . 
suchJas interleave and encrypt to a data stream from the 

signJl source 104, the spreading circuit 11~ spreads using 
I . 

a spneading code corresponding to an allocated code I . 
channel, and outputs a base band signal. Here. the 

spreAding circuit 115 is constructed as a digital signal I . ; 
processing circu~t, and spreads the data st~earn from the 

- -- - -·------ -- ---- -
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sign~ source 104 to generate a signal. and 6utputs a 
I . . 

mult~level digital signal as a base band signal, which 

reprJsents an instant value of this signal ~very moment. I . . 

Alsoj in the modulator 117, orthogonal. modn:\-ation is 

conducted by means of four phases PSK (phase shift 

modulation) (QPS~ (Quadratu;e Phase Shift Keying)). and 
I . 

acco~dj_ngly, an in-phase component I and an orthogonal 
I : 

component Q of the base band signal are output from the 

spreJding circuit 115 as a multilevel digital signal, 
I : 

respectively, and the D/A converter 116 independently 

convJrts the in-phase component I and the orthogonal 
I . , 

component Q into·analog sig~als, respectively, and the 

modulator 117 receives these in-phase component I and 
I 

orthogonal component Q and conducts modulation. 
I 

Here. an arrangement of the spreading c~rcuit 115 will 

be e~lained using Fig. 8. This spreading circuit 115 is 
I 

for ~pplying direct sequence (DS) system as;spread 

specirwn system to the input data stream. In Fig. 8, 
I 
i 

values in parentheses show typical examples of a data 
I 

I 
spee4, a chip rate and so forth. 

i 
A data stream of a data speed 128 kbps (bps is the 

I 
I 

number of bits per second) for example is input from the 
I 

signal source. and a serial/parallel conversion circuit 
I 

121 with one input and two outputs {l--2) is provided for 
I 
I 

dividing this input data stream ~nto two series of data 

I --·----·---

1 Thiif 1liHii1ii1ililf 
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I 

I 
streams with a d~ta speed (64 kbps in this example) that 

is a half compared with the input data stream. one data 

I 
stream from the serial/parallel conversion circuit 121 

corrJsponds to the in-phase ·component I in ~he orthogonal 

moduJation, and the other data stream corresponds to the 

I 
orthogonal component Q. D1sposed are a PN code generator 

I 
122 fior generating a pseudorandom noise code (PN code) as 

I 
a sp~ead1ng code for the in-phase component I, and a PN 

code generator 123 for generating a pseudorcµidom noise 

code {PN code) as a spreading code for the in-phase 
' 

compqnent Q. The data stream and spreading code on a side 
! 

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

therJby, the data stream corresponding to the in-phase 
I . 

comp,nent I is spreaded. In the same manner, the data 

stream and spreading code on a side of the orthogonal 

I 
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 
! 

excltlsive OR between the input data stream and the 
I 

spreJding code. A ch~p rate of a signal after spreading 

whicJ is output from each of the adders 124 and 125 is 

I 
4.091 Mops (cps is the numb~r of chips per second). for 

example. The signals after spreading from the adders 124 
I 

and ~25 are input to FIR (finite .impulse response) filters 

126 dnd 127 that function as a low pass.fil~er1 
I 
I 
I 

-··----·- ----'·--·----· 
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respJctively. and thereby, a multilevel digital signal {8 

bitsjvalue signal, for example} is output every moment, 

whic 
1 

represents an instant value of a base:band signal of 

the l·'n-phase component I and the orthogonal component Q. 

In this manner, spread spectrum 1s applied to the data 

stream, and a transmission signal with a predetermined 
I 
I 

freqqency band can be obtained from an output of the 
! 

modu~ator 117. A level adjustment for this ~ransmission 
! 
I 

sign~l is conducted by the variable gain circuit 118, and 
I 

ther~after, this transmission signai is tra~smitted from 
i 
! 

the transmitter 114. The variable gain ·circuit 118 is 
I . 

cons~ructed of an amplifier .capable of varying a gain or 
I 

an attenuator capable of varying an amount of attenuation. 
! 
i 

As m~ntioned below, a gain (or an amount of _attenuation) 

in ttje variable gain circuit 118 is controlled by a TPC 

(TotJl Power Control) signal from the receiver 112 ldB by 
I 

ldB, If or example. 

Nol', it is assumed that a bit rate of the data stream 

from the signal source 104 is R [bits/second]. and a band 
I 

widtJ of the transmitted s~gnal is W [Hz]. 

G ~ W/R . (1) 

is called a spread~ng gain. 
I 
I 

Af~er receiving such a transmiss~on signal from the 
I 

mobi~e terminal 101, the base station 102 applies de-
' i 

spreading, decoding, de-int~rleave and error correction to 

This Sheet Has Been Replaced 

1111111111111111111111111 



:7 

this signal. It is assumed that signal power per bit 

nece,sary for fully receiving this signal in the base 

stat~on 102 is Eg., noise power per Hertz is N0 • and a ratio 
i 

of these is Eg/N0 • Here, to f~lly receive the signa1 means 

that la bit error rate in a data stream output after the 
! 

erro~ correction is satisfied with a predeteririined level. 
I 

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

base Jstation 102 is: 

C/jN = (R· Eb)/(W·N0 ) 

I ... (1/G) • (Eb/N0 ) (2) 

I 
Fr9m this. a signal level ·that is needed in the base 

stat~on 102 is represented as follows: 
I 

C 1 ... N • (l/G) • (Bt,/N0 ) (3) 

ThJn. the base station 102 transmits to each mobile 

tenrulnal 101 a command for controlling transmission power 
I . 

so as to always make a reception level of the sign.al to be 
I 

c. Particularly, in case that a signal level of a code 
! 

chanrtel received from a certain mobile terminal 101 is 
I 
! 

smal~er than the value c. the base station 102 transmits a 

cormnand for making transmission power Of the mobile 
' ~ 

termtnal 101 inc~ease by a constant (1 dB, for example), 
I 

' 

and in case that the signal level is larger conversely, 
! 

the tiase station 102 transmits a command for making the 
i 
i 

transmission power decrease to the mobile terminal. This 
l . 

I 
cold is cal.led a TPC (Total.-~o':" ~n~rol) signal.. This 

I Thi1im WU[IH~0\
00 
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sign~! can be a command that makes the transmission power 

incr~ase if its value is •1w: for example, and that makes 

the ~ransrnission power decr~ase if its value is •ow. 
The mobile terminal 101 receives the TPC signal at the 

! 
recei~er 112. The received TPC signa1 is output from the I 

' 
rece~ver 112 to the variable gain circuit 118, and the 

vari~ble gain circuit 118 increases or decreases a gain by 

a cotjstant (1 dB, for example) in -accordance with the TCP 

signdl. Thereby, the transmission signal level is adjusted 

to a ilevel required by the base station 102 •· A method of 

cont~olling the transm:i.ssion power of the mobile terminal 

in t~is manner is cal1ed closed loop control. This control 

method is generally used in an IS-95CDMA system and so 

fortti, which is a mobile communication system in the I 
; 

Unit~d States. 
! 

By ithe way, in recent years. even in a mobile 

communication field. multimeP..ia of a transmission data has 
I 

been ldeve1oped, and only low speed data communication 
I 

usin~ only voice is unsatisfying and a higher speed 

tran~mission method is needed, such as connection to an , 
i 

inte~net and image conununic~tion. As one method for 
' 

rneet±ng these needs, rnult1-code transmission 1s being 
I 
I 

watc11.ed. 

Diflferent from·convention~l transmission, the multi-code I 

l 
transmission 

I 
is for increasing a transmission speed by 

I 
I 
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I 
I 

allolating a PlUl:'.ality of code channels (two channels, for 

exam~le) to one terminal. If the number of codes is N. 

(whe~e n ~ 2), in case that a bit rate per code is R
0

, a 

coll~ctive transmission rate·~ is as follows: 

R~I= N • R0 (4) 

Name~y. compared.with a case 1n which a single code 
I 

channel is used, it is possible to make the transmission 
! 

rate Jto be N times. 

How~ver, in case of conducting the multi-code 
i 

transmission, it is required to finely control the 

I . . d. 
tran~nu.ssion power every co e channel due to a reason as 

ment~oned below. The present invention deals with how to 
' 
I 

cont~ol the transmission sig;nal power of the terminal in 

case jof conducting the multi-code transmission. 

As !main application of the multi-code transmission. a 

case Jean be raised, in which a voice signal and a dat~ 
' 
' 

sign~l are concurrently transmitted. Particularly, there 
i 

is ajcase in which by us~ng two code channels, one of the 

code jchannels is allocated· to transmission of a voice 

sign~l such as a conversation and the other is allocated 
i 

to tnansmission of a data signal for a file exchange 
! 

betw~en computers. In considering such a situation, 
I 

allo~able error rates are different from each other 

between the voice signal and the data signal, and while a 
I 
; 

I 
bi.t error rate of about io-J is a11owed for the voice 

--··--·-·-··--·-· ·--·-···-- ·---------. ·---·-· 
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sign~l, a bit error rate equal or ~ess than .10·6 is 

some~imes necessary for the data signal. On the other hand. 

in o~der to improve a capacity of an entire mobile 

communication system in case of using spread spectrum 

syst~m, it is important to reduce transmission power as a 

whole. Furthermore, it is considered that in a certain 

area jof the mobiie communica~ion system, in·a moment, 

while there are many mobile terminals that is conducting 

voice communication, there are not many mobile tenninals 

that ;is conducting data communication so much. If 

cons~dering the above, in the mobiie terminal for 

cond~cting the multi-code transmission, without 

controlling the transmission power of code channels of 

both'the voice signal and data signal so as to make both 

the transmission power. of the code .channels to be the same 

as e~ch other based on a bit error rate required for the 

datajsignal, it becomes to be possible to make a capacity 

of the entire mo~ile commun~cation system increase whiie 

meeting bit error rate required for the respective signals 

by making the transmission power of the code channel of 
' 

the voice signal relative1y·small and making the 

tran~mission power of the code channei of the data 

conununication relatively large, and also, it becomes to be 

poss~ble to extend a time during which conversation by 

tele~hone can be made in accordance with a battery 
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i 
I 
I 

capa~ity of the mobile terminal. 

As jabove, by raising the case, as an example, in which 

the Joice signal and the data signal are allocated to.the 

resp lctive code channels, the reason why the transmission 

powe~ control should be conducted for each code channel in 

case lof conducting the multi-code transmi.ssion was 
I 

l 
expl,ined. However, a kind of the signal to be transmitted 

is nit necessarily limited to the voice signal such as 

conversation and.the data signal for the file exchange. 

For 1xample. there is alSo a case in which a dynamic image 

data,J a static image data and so forth are transm:itted. 

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

conversation in which relatively low vo1ce quality is 
I 

allo~ed. and also, a case such as music in which 
i 

rela~ively high quality is ~equired. Even in data 
I . 
I 

communication between computers, bit error rates required 

for J layer of the transmission by means of the CDMA are 

diffJrent from each othe~ in accordance with an upward I . 
I 

protocol. Therefore, it is required to determine a bit 
I 

erro~ rate and so forth in accordance with a kind and 
I 

I 
char~cteristic of a signal (data) to be transmitted, and 

I 

to precisely conduct transmission power control in 
I . . 

acco1dance with the determined ratio. 

It can be also considered that a transfer route of a 

datalto 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 gain is improved as a data 

rate becomes to be 1ower, it is possible to make 

transmission power small by'the improvement. From this 

point also, it is required to precisely conduct 

transmission power control for each code channel. 

Now, out of the methods of conducting the transmission 

power controi for each code channel in this manner, a 

method can most easily be imagined. in which a plurality 

of circuits from the signal source 104 to variable gain 

circ~it 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 each other in an analog manner by a high 

frequency signal adder (wave coupler), and a signal after 

the add.1tion is input to the transmitter. Fig. 9 is a 

block diagram showing an ·ar~angement of a mobile terminal 

for controll1ng transmiss~on power by means of the method 

mention~d here, in wh1ch N ~s 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 circuits 

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 add1ng one of letters A and B to a 

This Sheet Has Been Replaced 
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syrnb it is clearly shown that each component belongs to 

whic series. In other words.", a circuit corresponding to a 

code channel A is a circuit from the signal source 104A to 

the iariab1e gain circuit 118A, and a ci.rcuit 

corr~sponding to a code channel B is a circuit from the 

signJ1 source 104B to the variable gain circuit ll8B. In 

addi lion. spread codes used in the spreading circuits·11SA 

and ~15B are spread codss of'ths code channels A and B, 

resp~ctively, and therefore. the spreading circuits 115A 

and 15~ use spread codes different from each other. Also. 

the scillation circuit 119 for generating a carrier 

signal is provided for the modulators 117A and 117B in I . 
commln. The outputs from both the variable gain circuits 

118A and 118B are added to each other in an analog manner 

by ttje signal adder (wave coupler) 122, and an output from 
; 

the ~ignal adder 122 is input to the transmitter 114. As a 
i 

resu~t. a signal generated by adding the transmission 
i 

sign,ls of the code channels A and B to each other is 

tran~itted to the base station 102. 
I 

Th~ base station 102 consi·ders the code channe1s A and B 

as itjdividual channe1s. respectively, and transmits a TPCA 

signal and a TPCB signal to the mobile terminal 121. which 
I 

are JPC signals for each code channel. The mobile terminal 

121 leceives a signal from the base station 101, and 

contnols the variable gain circuits 118A and llBB, 
I .. - ---- -- --·---- . 

This Sheet Has Been Replaced 
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respectively. using the received TPCA signal and TPCB 
I 

sign~l. Thereby, closed loop power control for each code 
I channel is conducted. 

HoJever, in case that the control of the transmission 

poweJ for each code channei is conducted using the circuit I 
shown in Fig. 9 in conducting the multi-code transmission, 

I 
there is a task that this circuit is simply constructed by 

I mounting a plurality of circuits from the signal source to I 
I 

the ~ariab1e gain c1rcu1t just before the transmitter, 

whi~ corresponds to the n~ber of the mu1ti-code. and 

that la circuit scale thereof is not different so much from 

thatlin the case of using individual mobile terminals for 
I . 

each,code channe~. Especi~lly, since high frequency 

circuits such as modulators and D/A converters are 

provlded in accordance with the number of the cod~ I 
I 

channels. electric power consumption becomes to be larger 

thanlthat in a usual terminal. Especially, to provide a 
I plurality of D/A converters directly results in the 

incrlase of electric power consumption. Ultimately. iil the I 

i 
arrangement shown in Fig. 9, _the sense that the term.1na1 

I 
appropriate for the multi-code transmission is arranged 

cannJt be accomplished. Furthermore. since there are a 

plurAlity of code channe~s in the case of the multi-code I 

tranJmission, the control of the transmission power is 

complicated, and .in the arrangement shown in Fig. 9, there I 
I 

11f 11iii 1iii1i1ilf 1~itir 
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is a so a task that th1s control is not rationalized. 

SUMMARY OF:THE INVENTION 

The objective of the present invention is to provide a 
I ~ 

transmission power control method and apparatus for 
I 

conducting transmission power control duri.ng multi-code 

tranJmission. which can reduce a circuit scale and 
I -

elecjric power consumption ~ore and is capable of 

conducting optimum power co~·trol. 

ThJ objective of the pres~t invention is to provide a 

rnethdd of adjusting transrni~·sion power in a CDMA terminal . I 
for code division multiple access communication with 

I 

I 
spread spectrum system and transmitting information using 

I 
a plf ali ty of code channe~s '· said method comprising ~teps 

of: generating base band signals by spreading data every 
I . 

code jchannel= adjusting lev~ls of said base band signals 

eve1 code channel; addi.ng s.aid adjusted base band signals 

over 1said plurality of code channels; modulating based on 

a signal after addition to generate a high frequency I . 
signal: adjusting a level of. said high frequency signal; 

I 
and jending said.adjusted h.i.gh frequency signal to the 

otheij station. 

In lthe transm~~sion power ~djusting method of the 
I 

present invention, it is preferable that an adjustment in 

quanJity of levels of the base band signals every code 
I 

channel and an adjustment in quantity of a 1eve1 of the 
I 



high frequency signal are determined based on a control 

signal from the other statiqn such as a base station. In 

this case. ievels 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 :code channel, and also, a total ~verage level of 

transmission signals of the code channels can be adjusted 

by the step of adjusting a level of the high frequency 

signal, and a difference of :~evels between the code 

channels can be adjusted by the step of adjusting levels 

of the base band signals eve~ code channel.(Total average 

level means commonly changing portion of transmit signal 

level) 

The objective of the present invention is ~o provide 

an apparatus for adjusting transmission power in a CDMA 

terminal for code division multiple access communication 

with ;spread spectrum system and transmitting information 

using a plurality of code channels. compris1ng: a 

plura1ity 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 f1rst variable gain 

control means for adjusting ~~vels of output signals from 

said spreading means; adder for adding outputs from each 

This Sheet Has Been Replaced 
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of said first variable gain control means; modulator for I 
modulating based on an output from sa~d adder, and 

I . . .. outputting a high frequency signal; and second variable I 
gainlcontrol means for adjusting a level of said high 

i 
freqq.ency signal. 

In the transmission power ·adjusting apparatus for the 
I 

CDMAJterminal of the present ·invention, it is especially 
I preferable that a transmitter for sending an output signal ! 
! 

fromjthe second variable ga.i;n control circuit to the other 

stat~on such as a base station is provided. Also, it is 
I 

pref4rable that each of the .spreading circuits and each of 

the £irst variable gain control means are disposed in.a I 
I 

digi~al signal processing c~rcuit section, and that the 

seco1d variable gain control means is constructed as a 

high !frequency analog circuit:. 

In 'the transmission power adjusting apparatus of the 

presint invention, it is gen~rai that the transmission 

powe~ is adjusted based on a ·pontrol signal from the other 

stat~on such as a base station. For that, controi means 
I 
! can ,e provided for determining a level adjustment in 

quan tli ty i.n each of the first variable gain control means 
I 

and tFe second var~able gain control means based on a 

contrioi signal from the other station, for example. As the 
i 

contriol means, a level control calculating circuit is used, 
I 

for ebcample, which wil1 be mentioned below i.n an 



18 

I 
embodiment. In this case, a total average level of I 
tranjmission signals of the;code channels can be adjusted 

by t~e second variable gain qontrol means, and a 

diff,rence of levels between the code channels can be 

adjuited by the first variab~e gain control means. 

Furithermore, a difference of levels between the code ! 
channels is previously set, and only a level adjustment in I 
quantity of the second var1able gain control means can be I 

i 
cont~olled in accordance with a level control signal from I . 

the dther station. I~ this easel a level setting circuit ! . 
can qe provided for setting a level adjustment in quantity 

I 
in each of the first variable gain control means based on I 
a required level difference b.etween the code channels . I 

Also ,j the level difference between the code channels can 
I 

be dltermined using information with respect to 

chargcteristic of a transmission data in the each code I 

i 
channel. 

I 
I BRIE~ DESCRI~TION OF THE DRAWINGS 

Th11s and other objects, fe.~tures and advantages of the : 
pres~nt invention will become more apparent upon a reading 

of t~e following detailed description and drawings, in 

whic~: 
! 

Fig,. 1 is a block diagram showing an arrangement Of a 

mobi~e terminal of the first: embodiment of the present I 

invention; 
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Fig. 2 is a flowchart showing one example of processing I . : 
procedure of transm.i.ssion power control; · 

FiJ. 3 is a flowchart sho~ing one example of processing 
I . 

procedure of transmission power control; I . 
Fig. 4 is a block diagram.showing an arrangement of a 

! 
rnobiie terminal of the second embodiment of the present 

! 
i 

inve~tion: 
i 

Fi~. 5 is a block diagram ··showing an arrangement of a 
l 
I 

mobile tena.inal of the third.embodiment of the present 
I 

inve~tion; 
I 

Fi~. 6 is a block diagram .showing an arrangement of a 

mobi~e terminal of the fourt~ embodiment of the present 
; 

invention; 
! 

Fig. 7 is a block diagram showing an arrangement of a 
I 

conv1ntional mobile term.i.nal;u~ing CDMA; 

Fig. a is a block diagram showing a general arrangement 
I 

of alspreading circuit: 
I 

Fig. 9 is a block diagram.showing an arrangement that is 
I 

considered in case of conducting control of transmission 
I 

power for each code channel in a mobile terminal in which 
! 

the number of code chann~ls -is two. 
I 

! DESCRIPTION OF THE EMBODIMENTS ! 

Ne~t. preferable embodiine~ts of the present invent1on 
l 

willlbe expla1ned by referring to the drawings. 
' 

The first embodiment 

11tiliii 11n1ii ~mr 
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Fi~. l is a block diagram showing an arrangement of a 

rnobi~e terminal of the first embodiment including a 
i 

tran~mission power control apparatus Of the present 

invention. Here, the case will be explained, in which the 
I 
! 

numb~r of code channels of a_ multi-code is two. Here, the 
I . 

two tjode channels are distinguished from each other by 
I 

addidg letters A and B. 
I 
I 

Si~al sources 4A and 4B for generating data streams of 
I 

code !channels A and B, respectively. are connected to a 

mobi~e terminal l. Also. th~ mobile terminal l includes a 
I 
I 

rece:ilver 12 
I 

connected to a reception antenna 11. a 

tran,itter 14 connected to a transmi.ssion antenna 13, 

spreading circuits lSA and 15B for receiving data streams 
I 

from !the signal sources 4A a:nd 4B. respectively. and 

variable gain circuits 16A and 16B disposed on output 
I 

side~ of the spreading circuits ISA and lSB, respectively. 

Aft!er applying error correcti.on coding and a process 

such jas interleave and encrypt to data streams from the 
' 

sign~l sources 4A and 4B •. the spre:ading circuits 15A and 

15B s;Pread ~sing a spread~ng code corresponding to an 

alloqated_code channel, and output base band signals. The 

spre~ding circuit 15A uses the spreading code for the-code 

chan~el A. and the spreading_ circuit lSB uses the 
I 

spre~ding code for the co~e ·channel B. Here. since a 
i 

transimi-ssion signal modulated by QPSK is transmitted to a 
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! 

! 
base jstation 2 from the mobile terminal 1. the spreading 

I 
circ~it lSA of the code ch~el A outputs an in-phase 

! 
comp9nent IA and an orthogonal component QA of the base 

; 

band !signal. and similarly, the spreading circuit lSB of 
I . 

the lode channel B outputs an in-phase component IB and an 

orthogonal component QB of the base band signal. Also. an 
! . . 

inte~nal circuit arrangement ?f the spreading circuits 15A 

and ~SB is the same as the i~ternal arrangement of the 
I 

I 
spreading circuit explained by using Fig. 8. 

The variable gain circuit l6A adjusts levels of the in-

phas4 component IA and the orthogonal componen~ QA of the 

base 
1

band signal of the code .. channel A, and the variable 

gain circuit 16B adjusts levels of the in-phase component 

IB arld the orthogonal component QA of the base band signal 
I 

of ttie code channel B. 
I 

Fu,thermore, an adder 17 for conducting vector addition 

of t~e in-phase components IA and IB of the base band 

signal of each code channel and outputting a result as a 
I 

i 
comb~ned in-phase component I, and an adder 18 for 

I 
conducting vector addit1on of the orthogonal components QA 

I . 
and QB and outputting a result as a combined orthogonal 

! 
component Q are provided on output sides of the variable 

I 
I 

gain!circuits l6A and 16B. In other words. the followings 

are ~stablished with respect .to the in-phase component I 
I 

and the orthogonal component Q output from the adders 17 

I ·-··· 
This Sheet Has Been Replaced 
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and ]8, respectiveiy: 

I = IA + IB 

Q ,.., QA + QB 

( 5 )' 

(6) 
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Inlthe mohi1e termina1 l of this embodiment, the 

spreading circuits lSA and ~SB, the variable gain circuits 

16A Jnd 16B, and the adders 17 and 18 constitute a digital 

signf processing circui~: si!ction 5 for conducting digital 

signal processing. The spreading circuits lSA and 15B I . 
gene~ate signals by spreading the data streams from the 

signil sources 4A and 4B wi~h spreading codas, and output 

multj1evel digital signals ~epresenting an instant value 

of the generated signals eve°ry moment as base band signals. I . 
I . 

The lariable gai~ circuits ~·~A and 16B can be constructed 

of coefficient multipliers (multip1iers), for example, and I 
adjuJt levels by multiplyin~ the multilevel digital 

signlls that are outputs fr9~ the spreading circuits 15A 

and lsB by a value correspo~ding to a ievel adjustment 
I 

value, and also, output a re.suit thereof as digital values. 

The Adders 17 and 18 output as digital values the in-phase I 

I 
component I and the orth~gonai component Q combined every 

mome1t, respectively. by :digita1 calculation. 
I 

A D/A (Digital/Analog) converter 19 for convert~ng a 
I 

signal of a digital value into an analog signal is l ". 
prov,ded on an output side qf the adders 17 and 18. The 

D/A ~onverter 19 converts the in-phase component I and the 

I 
I 
I 

This Sheet Has Been Replaced 
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orth9gonal component Q of the base band signals that are 

digijai signaJ.s. respeoti~eif. and outputs an in-phase 

compJnent I and an orthogonal. component Q of analog 

sign lls, and the in-phase component I and the orthogonal 

comp9nent Q of these analog signals are input to a 

modu~ator 20. An oscillation circuit 21 for generating a 

high !frequency signal that 1s a carrier signal is 

conn1cted to the modulator 20. and the modulator 20 

app14es orthogonal modulation to the carrier signal by 

mean~ of QPSK based on the in-phase component I and the 
I 

orth9gonal component Q of the base band signals from the 

D/A converter 19. and outputs a transmission signal. This 
I · .. 

tran~mi.ssion signal is input to the transmitter 14 through 

a va~iable gain circuit 221 ~d thereby, the transmission 

signdl is transmitted to a side of the base station 2~ 
I 

Here,I the variable gain c.ircuit 22 is for conducting a 

leveJJ adjustment of the transmission signal, and is 
I 

cons~ructed of an amplifier capable of varying a gain or 

an a~tenuator oapabLe of ·Vax:ying an amount of attenuation. 

Fu,thermore, in this mobil·e. terminal l. a level control 

calculating circuit 23 is provided for controll1ng a level 

I 
adjustment value at the var1able gain c1rcuits 16A. l6B 

I . 

and i2. A TPCA signa1 and a TPCB signal that are TPC 
I 

s1gn~ls for each code channei are input to the level 
I 

I 

cont,ol calculating circuit 2°3 from the receiver 12, and 
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I 

the Jevei controi cal.cuiatirig circu~t 23 outputs contro1 
I 

signals A, B and C for a level adjustment to the variable 

gain circuits 16A, 16B and 22:, respectively, based on 

thes TPCA sign~ and 'I'PCB s·ignal . 

Ul i.mately, there are differences of the mobile terminal 

l sh4wn in Fig. l from the ~pbile terminal 121 shown 

Fig.j9 in the points that the mobile terminal 1 is 

cons -ructed so as to conduct QPSK modulation after 
I 

' 

in 

cornb~ning base band signals .~f both the code channels, and 
I 

I . 
the Vjariable gain circuits 1.6~ and 16B for each code 

I 
chan~el are provided in the digital signal processing 

circ~it section 5 and the variable gain circuit 22 for 
I 

acti~g upon both the code channels in common is included 

in the high frequency analog circuit. and the level 
! 
I 

cont~ol calculating circuit 23 is provided for properly 
I 

oper~ting the variable gain ~ircuits 16A, 16B and 22. In 

othel words, in this mobile terminal 1, three gain control 

circdits exist in all. 
I 
! 

Nex~. operation of this mobile terminal 1 will be 
i 

expJ.a!ined. 
I 

Th~ data streams of each code channel are input to the 

spreading circuits l5A and l·5B from the signal sources 4A ! . 
and ~B. and after spreadi:ng is applied, are converted into 

base Jband signals of an in-phase component and an 

orth,gona1 componen=-_ A£te~ 1e~-= adjustment with 

I 111i1111ITTiITT![1m1r 
I 
: 
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respJct to these base barid ~ignals is conducted for every 

code lchannel by the va:r:ia~l~ gain circuits 16A and 16B, 
I 

in-p~ase components are added to each other by the adder 
I 

17 arid orthogonal components are added to each other by 
I 
i 

the ~dder 18, and an in-phase component I and an 
I 

orthogonal component Q after combination can be obtained. 
I 

Signdls of these in-phase component I and orthogonal 
I 

! 
oomp~nent Q are converted into analog signa1s, 

resp~ctively. by the D/A ·co~verter 19, and thereafter. are 

inpu~ to_ the modulator 20. Thereby, a four phases PSK 
I 

modu~ated high frequency signal is obtained as a 

tran,mission signal. and this transmission signal is 

transmitted to the base station 2 through the variable 

gainlcircuit 22 and the transmitter 14. 

ThJ base stati.on 2 receives a s.ignal of each code 
I 

i 
channel from the mobile terminal 1. determines whether a 

recef ti on leve1 '-s a proper ·

0

1eve1 for every code Channe1. 

and transmits to the mobile terminal 1 a TPCA signal and a 

TPCB,signal that are power control signals for each code 

i 

channel, in accordance with a determination result. In the 
I 

I 
mobi+e terminal 1. the receiver 12 receives these TPCA 

I 

signal and TPCB signai, and the received TPCA signal and 

TPCB signal are sent to the level control caiculating 

circuit 23. The level control calculating circuit 23 
! 

controls the variab1e gain ai.rcuits 16AI 16B and 22A based 
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on tb[e TPCA signal and the T.PCB signal. 
I 

He~e, the control of the variable gain circuits 16A, 16B 
I 

and 42 based on the TPCA signal and the TPCB signa1 wil.l 
I 

be explained in detail. Hereupon, it is assumed that the 
I 

I . . 
powe~ control signals {the ~CA signal and the TPCB 

i 
signal) of each code channel are for instructing one of 

I 

the ~norease or decrease of ·~ransm.i.ssion power of the code 
! 

chan,el, and are periodically transmitted from the base 

stat~on 2 (while being incl~ded in a pilot signal part of 

i 
each jtransrnission slot, for ·~xarnple). 

SiJce, in the variable.gai~ circuit 22 within the high 
I 

I 
fre~ency analog circuit section, out of the three 

I . . 
vari1ble gain circuits, a w~de dynamic range that exceeds 

80 d~ can be obtained, ·it is pre:ferable to control a total. 
I 

aver~ge and large common vari.ation of the two code 

chan~els by this variable, g~ circuit 22. On the contrary. 
i 

sincg the individual variable gain circuits 16A and 16B 
i . 

for the code channels are a.r;ranged inside of the digital 
I 

signal processing circuit 5, respectively, and since a 
I 
I 

dynanp_o range of at most abo_ut 20 dB can be obtained due 

to tJe restriction of a word length of the D/A converter 

19. it is preferable to limi.,t the variable gain circuits 
! 

16A and 16B to the use fo~ setting a ievei difference 
i 

betw~e~ the code·channe1s. Apcordingly, a control process 

showJ in Fig. 2 is performed. In this figure, variables A, 
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I 
B and C are gains in a dB unit of the variabie gain 

ci.rc~ts 15A, 15B and 22. respectively. Also, the meanl.ng 

of each condition is as fo1iows: 
! 
I 

CD TPCA "'" UP= Increase transmission power of a code 
I 

chan,el A by 1 dB 

~ TPCA "'" DOWN: Decrease ·transmission power of a code 

chanJel A by 1 dB 
I 

CID TPCB = UP: Increase t~ansrnission power of a code 
I 

chan,el B by 1 dB 

© TPCB "'" DOWN: Decrease transmission power of a code 
i 

channel B by l dB 
! 

Fi,st, at STEP 51, the me~~ng of the TPCA signal and 

the ,PCB signal is analyzed,_ and the process branches off 

in alcordance with the cond1.:~ion. 

In pase Of TPCA = UP and TPCB = UP. at STEP 52. a 

cont~ol signal C is output so as to increase a gain C of 

the Viariable gain circuit 22: by 1 dB, and the process ends. 
I 

Simi~arly, in case of TPCA =,DOWN and TPCB =DOWN, at STEP 
I 

53. ~he control signal c is output so as to decrease the 
I 

gain IC of the variable gai~ ~ircuit 22 by 1 dB, and the 

proc4ss ends. Ultimately,_ wh~n both the TPCA signal and 
I 

TPCB !signal are UP or DOWN, :the transmission power control 
I 

I 
is cdnducted by using only the variab1e gain circuit 22 in 

I i . . . the tiigh frequency ana og circuit section. I . 
On jthe other hand, in cas~ that one of the TPCA signal 

I 
I 

I 
! 
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i 
and ,he TPCB signal is UP and the other is DOWN, if the 

variable gain circuits 16A and 16B are within a control 

I . 
range, the control is conducted by using them, and if the 

vari,ble gain circuits 16A and 16B are out of the control 

range, the control is conducted together with the variable 

gain circuit 22. In other words, in case of TPCA ~UP.and 

TPCB = DOWN, first, it is· determined whether a gain A of 

the ~ariable gain circuit 16A is a maximum value (MAX) 
I 

(STE1 54), and if it is the :maximum value, the process 
I 

direcitly moves to STEP 56, and if it is not the maximum 
! 

valu,. after the gain A is increased by 1 dB at STEP 55, 

the Jrocess moves to STEP 56. At STEP 56, it is determined 

whether a gain B of the variable gain circuit 16B is a 

I 
mini1um va1ue (MIN), and if it is not the minimum value, 

aftej the gain Bis decr~aseq by 1 dB at STEP 57, the 

procjss ends, and if it is t~e minimum value, after the 

gain IC of the variable gain circuit 22 is decreased by l 

I 
dB at STEP 58, the process ends. 

! . . 

s:tJilarly, in case Of TPC~ ~ DOWN and TPCB = UP, first, 
' . 
I 

it i~ determined.whether ·the ·gain B of the variable gain 

I 
circuit 16B is a maxi.mum value (MAX) (STEP 59). and if it 

I 
! 

is the maximum value, the process directly moves to STEP 

61, lnd if it is not the m~ilnum value, after the gain B 

is iJcreased by 1 dB at STEP 60. the process moves to STEP 

I 
61. t STEP 61, it is determined whether the gain A of the 
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! 

variJbie gain circuit 16A is a minimum value (MIN), and if I 
I 

it i~ not the minimum value,, . after the gain A is decreased 
I 

by 1 JdB at STEP 62. the p~oc~ss ends, and if it is the 

mininium value, after the ga1n C of the variabie gain 
I 

circ~it 22 is deqreased by 1 .dB at STEP 63, the process 
i 

ends1 
I 

Injaccordance with a mode of the design of .the mobile 

comm~nication system by means of the CDMA, with respect to 

the transmission power of the code channel, the power I . 
I 

cont~ol signals (the TPCA signal and the TPCB signal) for 
I 

each /code channel instruct n:ot only to increase it by 1 dB 

(UP} land decrease it by l a.a' (DOWN), for example, but also 
I 

not -qo change the transmi:ss1:on power (NOP). In this c~se .. 
i 

one 9f the power control _signals (the TPCA signal and the 

TPCBjsignal) for every code channel is not for changing a 
I 

tran~rnission level~ Even in ·such a case, basically, the 

vari,b1e gain circuits 16A <ind 16B dea1 with the contro1, 

and ~f the variable gain circuits 16A and 16B cannot deal i 

with jthe control due to a re.lation of the control range, 
I 

the control is conducted together with the variable gain I 

circJit 22. 
I 

F1g. 3 is a f1owchart s~owing a control process in case 
I 

that,power control s1gna1s ~~ovide three instructions such 

as irtcrease of transmission power (UP), decrease of the I 
i 

transmission power (DOWN) and no change of the I 
I .. ---··-···- ... 
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I 
transmission power {NOP). 

I 
Finst, it is determined whether at least one of the TPCA 

signAi and the TPCB signal is NOP {STEP 70), and if both 
I 

sign,ls are not NOP. processing same as the above-

ment~oned processing shown in Fig. 2 is conducted (as 

illu1trated as A). If at least one is NOP. the meaning of 

the ~PCA signal and the TPCB. signal is then analyzed. and 

the process branches off in .accordance with the condition 
I : : 

(STE1! 71). 

As ~ result of the branchipg off of the process in 

acco11
dance with the conditi~n, in case of TPCA ; DOWN and 

TPCB ~ NOP, at STEP 72, ~t is determined whether the gain 

A of jthe variable gain circuit A is a minimum value, and 
I 

if it is not the.minimum value, after the gain A is 

I 
decr,ased by 1 dB at STEP 73. the process ends, and if it 

is the minimum value, since the gain A is not decreased 
I 

morelthan this, at STEP 74. ;~he gain B of the variable 
I 

gain !circuit B is increas.ed .by 1 dB and the gain C of the 

I . , 
variable gain c.:ircuit C is decreased by 1 dB, and as a 

wholJ. the.gain of the co~e ·~hannel A is decreased by 1 dB 
! 

and ~he gain of the code cha,nnel B remains as it is. 

Simi1arly, in case of TP~A; ·up and TPCB ~ NOP, at STEP 75, 
I 
I 

~t is determ1ned whether the gain A is a maximum value, 
I 

and lt it is not the maximum value, after the gain A is 

incrjased by 1 dB at STEP 7~. the process ends, and if it 

I 

111111i1 ~n~~rr ~1r 
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is the maximum va1ue, at STEP 77, the gain B is decreased 
! 

by 1 ld.B and the gain C.is irtcreased by 1 dB. In case of 

TPCA1- NOP and TPCB =DOWN. at STEP 78, it is determined 
I . 

whether the gain B is a minimum value. and if it is not 

I 
the jinimum value, after the ·gain B is decreased by 1 dB 

at S'FEP 79, the process ends,. and i.f i.t i.s the minimum 
I 
I 

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

gain C is decreased by 1 dB. _Also, i.n case of TPCA - NOP 

and 'JlPCB = UP, at STEP 81°, it is determined whether the 
! 

gain jB is a maximum value, and i.f i.t is not the maximum 

valu~, after the gain B is increased by 1 dB at STEP 82. 
! 

the ~rocess ends, and if it is the.maxi.mum. value, at STEP 

83, 1he gain A is decreased.by 1 dB and the gain c is 

increased by 1 dB. In case of TPCA = NOP and TPCB - NOP, 
! 

the process ends as it is without doing anythi.ng. 
! . 

In !addition, the process of the ~ransmi.ssion power 

I 
adju~tment in the mobile tertni.nal 1 is not necessarily 

I 

limited to that shown in Fig. 2 (or Fig. 3}. It is 
I 
' 

poss~ble to adjust a total ayerage transm.lssion level of 

the code channels A and B by the variable gain circuit 22 

and ~o adjust a level differ~nce between the code channels 

. ' 
A an~ B by the variable gain circuits 16A and 16B. 

Di~f erent from the convent{onal mobile terminal shown in 
! 

Fig. j 9. .in the mobile termin:a1 of the first embodiment as 

explained above, since the number of the D/A conve~ter. 
! 
' 
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I 
the modu1ator, and the variab1e gain circuit disposed in 

I 
the ~igh frequency analog ci.rcuit section is one, 

I 
resp~ctively, ·the increase of a circuit scale and electric 

i 
poweE consumption can be suppressed. Also, the individua1 

variJble gain circuits 16A and 16B for each code channel 

I 
are lrovided within the digital signal processing circuit 

section 5, and thereby, it £s possible to set a 1eve1 

I 
diff~rence between the code channels during the multi-code 

i 
tran~rnission. 

i 
The second embodiment 

! 
; 

I 

A1though the number N of the code channeis is two in the 

I 
above-mentioned first embodiment, Fig. 4 shows an 

I . 
arrangement of a mobile termin~l 6 in case that the number 

I . 
of the code channels is M (M ~ 3). This mobile terminal 

I • 

i 
is connected to M signal sources 4A - 4M, and M series of 

! 
i . . 

arrajgements, each of which :·is from a spreading circuit to 

a variable gain circuit on a digital side, are provided in 
I . 

a diqital signal processing:circuit section 5. In oth~r 

I 
words, the digital signal processing circuit section 5 

; 

includes M spreading circui~s l5A - lSM and M variable 

gain circuits 16A - 16M, and in-phase signals IA - IM from 

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

each other in an adder 17 and an in-phase signal I is 

generated, and similarly, orthogonal s1gna1s QA - QM from 

each of the variab1e gain circuits 16A - 16M are added to 
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each pther in an adder 18 and an in-phase signal Q is 

generated. A level control cf3.l_culating circuit 23A 
! . . 

condufts control of the vari~ble gain circuits 16A - 16M 

! 

and 2~. An arrangement on an output side of the adders 17 

I 

and ~8 is the same as that in the case of the first 

embodjiment. 

In lthis mobile terminal 6, the level control calculating 

circuit 23A determines a level adjustment in quantity.in 
I 

the ~ariabl.e gain circuits l6A - 16M and 22 based on a TPC 

sign~l for each code channel transmitted from the base 

stat4on 2. Particularly, for example, an average 

transmission signal level of each code channel can be 
! . 

adju9ted by the ~ariable gain circuit 22, and a level 
I . 

difference between the code channels can be adjusted by 
~ 

: 

i 

the v,ariable gain circuits 16A - 16M. 

Ev~n though the number of the code channels which are 

usedjby the mobile terminal is equal to or more than three, 

it can be understood that if an arrangement within the 
I . 

I 

digi~al_signal processing circuit section 5 in the mobile 

term~nal of the first embodiment is modified, the 

arra~gement is applicable. Therefore, even though the 

number of the code channels that are used increases, it is 
! 

possible to suppress the increase of a circuit scale and 

I 
electric power consumption. 

' 
Th~ third embodiment 

I 
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I 
I 

In case of using a plurali.ty of code channels in a 

sing~ mobile terminal, reception levels necessary for 

everyj code channel on a side of the base station are 

l 
I 

dete~ned by an error co~repting method. a spreading 

rati9 G and a required stan~ard of an error rate (which is 

abou~ 10-3 for voice comrnuni.c-ation and about 10-6 for data 

commjnication. for exarnpl~) in the respective code 
I 
I 

chan~els. However. a difference between these reception 

' I 

leve.lls is considered to be almost constant. Therefore, if 

i 
cons~dering that these code qhannels are transmitted from 

i 
the Same mobile terminal, although transmissi.on power 

I 

itseif has to be controlled within a fairly W1de range, it 
I 
I 

is cqnsidered that a difference of required transm.i.ssion 
i 
i 

powe~ between the code channels is specifically determined 

in a6cordance with a d1.fference of transmi.ssion methods 
I 

and so forth. 

I 
Acqordingly. i£ the ~ind of. the signal sources 4A and 4B 

I 
are Understood in the mobile terminal of the first 

I 
embo<µment, it is considere~ that a required transmission 

level difference between the code channels is specifica11y 
I 
i 

determ1ned. A mobile terminal 7 shown in Fig. 5 is 
I 
i 

constructed so that a level.setting circuit 24 is provided 
! 
i 

for ~iscriminating the kind of signals of the signal 

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

! 
the rode channels A and B and conductin~ the setting of 

I --·-·--·- ··----· ··-
I 

1 11mrnmr1 rirtr 
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i 

the 

the v~1able gain circu:its l6A and 16B. instead of 

provifing the level control calculating circuit 23 in 

mobil~ terminal 1 shown in F~g. l. If a relative level 

diffefence is set in the variable gain circuits 16A and 

! 
l6B b~ the level setting circuit 24 that is uniquely 

I 

incldded in the ~obile termiD.al 7, power control can be 

realJzed by controlling the ~ariable gain circuit 22 using 

I 
a po,er control signal (one of a TPCA signal and a TPCB 

signdl, simply referred t.o. as a TPC signal, herei.nafter) 

from the base station 2. · 

Al~o, if an 

1.eve~ between 
I 

arrangement is ~dopted, in which a relative 

the code chan~e1s is previously calculated 

base~ on a bit rate, an err~r correcting method, a 

spredding ratio, a required ·error rate and so forth, and 
I . 

the aalculated level is stor~d in a ROM (Read Only Memory) 
I 

and ls read from the level s~tting circuit 24, it is not 

I 
necessary 

I 
to conduct a c~l.culation, and it is possible to 

simplify a circuit more and to reduce electric power 

I 
cons~ption. 

! 

The fourth embodiment 
I 

In leach of the above-described embodiments, if the 

i 
number of the code channels is M, M + l variable gain. 

I 
circnits in ali. which are cons1sted of M variable gain 

I . 
circuits, and one variable gain circuit on an output si.de 

I 

of almodu1ator. are prov~de~_within the digital signal 
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processing circuit 5. However, since the number of the 

I 
code phannels, which is an object to be controlled, is M, 

origihally, it should be app~~priate to provide M variable 

gain ~ircuits in all. If considering that an enough 

dynanr-c range cannot be provided in the variable gain 

circ its disposed within the digital signal processing 

fre . ency circuit section· i.s· .essential. Accordingly, an 

arr gement can be considered, in which the variable gain 
I . 

circuit for specific one cod~ channel is omitted in the 

digi~al. signal processing ciJ::cuit section. 

FiJ. 6 is a block diagram showing an arrangement in case 
I 

of Mi~ 2. in which a variable gain circuit for specific 

one ,ode channei :ts removed.: 'l'his mobi1-e terminai 8 is 

constructed so that the variable gain circuit l6A on a 

side,of the code channel A in the mobile terminal 1 shown 
I 

~n FJg. l is removed, and base band signals of an in-phase 

I 
complnent and an orthogonal component from the spreading 

circuit 15A are directly input to the adders 17 and 18. 
I : 

respectiveiy. Also. the level control calculating circuit 
I . 

23 c?ntrols the variable _ga~~ circuits 16B and 22 based on 
I . 

a TPE. signal and a TPCB signal. 

In the case of this mobile· terminal a. since the number 

of t e code channels coinc1des with the total number of 

t I - bl · · - . h i i d · t t i he varia e gain circuits, ·w en a eve a JUS men va ue 
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I 
! 

for erery code channel is giyen, a level adjustment in 

quant~ty at each ~ariable ga~~ circuit is specifically 

dete~ined. In case of adjus:t.~ng a .level of only the code 
i 
I 

chann;el A, for exampJ.e, the level can be adjusted by an 

i 
amou~t corresponding to the adjustment in quantity by 

i . 
meanj of the variable gain ~ircuit 22, and the level can 

be adjusted by an amount corresponding to that in which a 

sign lof the adjustme~t in. ~antity.is reversed, by means 

of tJe variable gain circui.t '16B of the code channel B. In 
! 

case jof adjusting a level. of .. only the code channel B, ·the 
! . 

l.evei can be adjusted based on the adjustment in quantity 
I 

by the variable gain circuit ·16B. Further, in case of 
! . . 

adjusting levels of both ·the code channels, the levels can 
I . 
I . 

be adjusted by an adjustment .in quantity, which is 
I . . 
I 

generated by combining the adjustment in quantity in the 
I 
I 

caselof adjusting only the code channel A and the 

i 
adjustment in quantity in the case of adjusting only the 

! 
codejchannel B, by means ·of each of the variable gain 

circ~its 16B and 22. 

I The preferable embodiments of the present invention were 

I explained above. However. the present invent~on is not 
I . 
I 

li.m.ired to the above-ment1o~~d embodiments. 

Inlthe above-mentioned embodiments, the transmission 

powe~ control at the mobile terminal in the mobile 

commpnicatio~ system was.exp~ained. Ho~ever. the present 
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1nvenf ion is appli.cable to a CDMA system other than the 

rnobil~ communication system, and for example, to a system 
! . 

in whfich a terminal is assumed not to move. As such a 
' 

systei, there is a wireless ~-ocal loop system and so forth, 

whic~ is used, instead of a wire tele-communication 

. netwdlk r in constructing a t_:le-communication network in 

an lea havi.ng small popu1at:~on densi.ty and in developing 

coun~ries. Also, with reg~d to the kind of the spread 

spec~rum. syst.em, it is not l:4tdted to the Direct Sequence 
i 

{DS) ,! and frequency hopping .(FH) and chirp spreading, for 

example, can be used. Furthermore, with regard to the 
! : . 

modu~ation method in the modulator, it is not lim.1.ted to 

orthqgonal modulation· by me~s of QPSK, and a modulation 

meth9d such as ~/4 shift QPS~, DPSK (differential ph~se 
I 

shift keying), and BPSK (binary phase shift keying) can be 

adopted. 
i 

As lexpla~ned above, the pr~sent invention effects an 
i 

advantage that even in case of using a plurality of code 

chan~els and conducting the_transmission power controi for 

eve~ code channel, since only one variable gain ci.rcu1t 
i . . 

for ~djusting a levei difference between the code channels 

is needed, whi.ch is to be di~posed ~n a high frequency 
i . 
I 

circ~it part, it is possibl~,to suppress the increase of a 

circ~it scale and electric power consumption. 
: 
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Whl .is c1ai..med i.s: 

i f method of adjusting transmission power in a CDMA 

termifal for code division multiple access communication 

with spread spectrum system and transmitting i.nformation 

usin a plurality of code channe1s, said method comprising 

generating base band signals by spreading data every 

code channel; 

adjusting levels of said base band signals every 

code channel; 

ad ing said adjusted base band signals over said 

plurality of code channels; , 

moduiating based on a sisn'.~1 after addition to generate 

a hiJh frequency signal; . 

ad~usting a level of said high frequency signal; and 

sendi.ng sai.d adjusted high frequency signal to the other 

statlon. . 

2 ~ method of adjusting t~~smission power in a CDMA 

terminal according to claim 1, wherein an adjustment in 

I 
quan~ity of levels of said ~ase band signals every code 

chan1el and an adjustment 1n·quantity of a 1evel of said 

highlfrequency signal a~e d~term.ined based on a control 

signal from said other stat+.on. 

3 A method of adjusting transmission power in a CDMA 

according to claim ·2, wherein levels of said base 
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I 

band ~igna1s are not changed. and only a 1evel of said high 
i 

frequ~ncy signal is changed when said control s1gnal is 
i . 

for i~creasing or decreas~ng the levels by a constant in 
i . ·. 

quant~ty common to each of s~id code channels. 
I 

4 t method of adjusting transmission power in a CDMA 

termipal accord.i.ng to claim ~· wherein said step of 
i 

adjujting a level of said. hi.~h frequency signal comprises 

a st~p of adjusting an total average level of transmission 

signJls of said code channels and sa1d step of adjust.i.ng I . . 
levels of said b~se band sign"als ever:y code channel 

I 
comp~ises a step of adjus~ing a difference of levels 

betw,en said code channels. 

5 ~ method of adjusting t~ansmission power in a CDMA 
; 

termilnal according to claim 1, further comprising a step 
I . 
I 

of dete:tmining a level difference of said base band 
I 
I 

signdls between the code channels in accordance with 
I 

' 

characteristic of a data to "be transmitted to each code 
I 

I 

chanriel. and wherein a level .for each code channel is 
I 

adju~ted in accordance w1th said determined level 

difference. 
I 

6 ~ method of .adjusting transmiss1on power in a CDMA 

terminal according to claim .1 or 2, wherein an adjustment I . 

of l~vels said base band signals is not conducted for 
I 

specific one code channel. 
I . 

7 A method of adjusting transmission power in a CDMA 



41 

I lllllll llllll lllll lllll II llll 
* C L M S * 

termibai according to claim 1, wherein said CDMA terminal 

is a bobi1e stat~on in a mobile communication system. and 

said ~ther station is a base,: station in said mobile 

commurication system. 

8 A method of adjusting transmission power in a CDMA 

I 
ternct1nal according to cla;i..m 1. wherein said spread 

! 
I 

spec~rum sytem is direct sequence system. 

I . 
9 ~n apparatus for adj·ust~ng transmission power in a 

CDMA terminal for code divis.ion multiple access 

communication with spread sp~ctrum system and transmitting 

I 
info:cration using a plurality of code channels, 

! • • 
comp:crJ..s.l.ng: 

a ,lurality of spreading means disposed for each code 

chan~el, said spreading mean~ for spreading data; 

a ~lurality of first variable gain control means 
I 

disposed for said each co.de channel •. said first variable 

gain control means for adjusting ievels of output signa1s 

from said spreading means; 

adder for adding outputs from each of said first 

variable gai.n control means;" 
I . 

modu1ator for rnodu1ating based on an output from sa~d 
i . 

addel, and outputting a high frequency signal; and 

se~ond var1able gain controi means for adjust1ng a level 
I 

of s4id high frequency sign~l. 

io An apparatus for adjusting transmission power in a 
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CDMA lte:aninal according to claim 9, further comprising 

trans~itter for sending an ou~put signal from said second 

vari,ble gain control means :t.o the other station. 

11 !An apparatus for adjusting transmission power in a 

COMA jterm~nal according to claim 9, further comprising 
i 

cont~ol means for determin.ing a level adjustment in 

quan~ity in each of said first variab1e gain control means 
i 

and said second variable gain control means based on a I 

cont~oi signal f~om said pt~er station. 

12 I An apparatus for adjusting transmission power in a 

CDMA/terminal according to claim 11, wherein a total 

average level Of transmission signals Of said code 
I 

charutels is adjusted by said second variable gain control 

means, and a difference of ievels between the code 
I 

chan~els is adjusted by saiq first variable gain control 

mean$~ " 

131 An apparatus for adjusting transmission power in a 
i 

CDMAjterminal according to c~airn 9, further comprising; 

level setting circuit for setting a level adjustment in 
I 

quantity in each of said 'first variable gain control means 

base~ on a required level difference between said code 
I 

charujiels and 

co~trol means for determining a level adjustment in 
i 

quantity in said second variable gain control means based 
! : 

on a) control signai from said other station. 

ilifliri 1in1rni1ir~1r 
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14 An apparatus for adjusting transmission power in a 

CDMA terminal according to claim 13, wherein said required 

level difference is determined using information with 

respect to characteristic of. a transm.1.ssion data in said 

each code channel. 

15 An apparatus for adjusting transmission power in 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 adjust~ng transmission power in a 

CDMA :terminal according to claim. 9, wherein each of said 

spreading circuits and each .of said first variable gain 

control means are disposed in a digital signal processing 

circuit section1 and said second variable gain control 

means is constructed as a hi_gh frequency analog circuit. 

17 i An apparatus £or adjus~ing transmission power in a 

CDMA[termin~l according ~o claim 9, wherein said CDMA 

terminal is a mobile station in a mobile communication 

system, and said other station is a base station in sa~d 

mobile communication system~ 

18 An apparatus for adju~~ing transmission power in a 

CDMA.terminal accordi.ng to ~lai.m 9, wherei.n said spread 

spectrum system is d1rect sequence system. 

19: An apparatus for adjusting transmission power in a 

mobile station for code division multiple access 
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conunup.ication with direct sequence system of spread 
i 

M 

spectrum system and transmitting information using a 

plura~ity of code channels, ~ornprising: 
I • 

s 

a prurality of spreading means disposed for each code 

chan~~l. said spreading means: for spreading data; 

* 

a 4iurality of first variable gain control means 

disp~sed for said each code channel, said first variable 

gai.n control means for adjus.ting levels of output signals 

from said spreading means; 

adqer for adding outputs from each of said first 
I • 

variJble gain control means: 
I 

I 
modulator for modulating hased on an output from said 

addeJ, and o~tputting a hig~ frequency signal; 
I . 
I 
I 

second variabie gain control means for adjusting a level 
! 

of said high frequency signal; 
I . 
I 

transmitter for sending an output signal from said 

I 
second variable gain control means to the base stat1on the 

I 

I 
othef station; and 

I 

co~trol means for determining a level adjustment in 
I 

quan~ity in each of said first variable gain control means 
! 

and ~aid second variable.gain c~ntrol means based on a 

control signal from sa~d other station. 
I • .•: 

20! An apparatus for adjus.ting transmission power 1n a 

CDMA terminal according to claim 19, where.in a total 

level of transmission signals of said code 
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chann~ls ~s adjusted by 

means, and a difference 

said' second variable gain control 

of levels between the code 

chann ls is adjusted by said f.1.rst variable gain control 

means. 

21 1An apparatus for adjusting transmission power in a 

CDMA terminal according to c~aim 19, further comprising: 

l~lel setting ci.rcuit for,. setting a level adjustment in 

quanlity in each of said first variable gain control mea.ns 

based on a required level difference between said code 

I 
chan,els and 

control means for determining a level adjustment in 
I 
I 

quan~ity in said second variable gain control means based 

on a cont~ol signal from said other station. 

22 An apparatus for ~djus~ing transmission power in a 

CDMA terminal according to claim 19. wherein saj_d required 

1evei difference is determined using i.nfo:r:mation with 

I 
respjct to characteristic of a transmission data in said 

I 

eachlcode channel. 

231 An apparatus for adju~ting transmission power in a 
I 
I . 

CDMAlterroinal according to. ~laim 19. wherein said first 

varijble gain control means:· is not disposed in speci£ic 

one code channei. 
I 

24 An apparatus for adju~ting transmission power in a 

CDMA terminal according to cla:i.m 19, wherein each of said 

spre ding circuits and each. of said first variable gain 
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contrrl means are disposed ~1:1. a digital signal process·ing 

circur·t section, and said:s~~~nd variable gain contro~ 

means is constructed as a·hig~ frequency analog circuit. 
. . 

.--· - -------·· - --·- --


