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ADAPTIVE POWER CONTBOL FOR A SPREAD SPECTRQM TRANSMITTER 

BACKGROUND OF THE INVENTION 
This invention r~lates to spread spectrum 

communications, and more particularly to an apparatus and 
5 method for adaptive power control of a spread-spectrum 

signal in a cellular, personal communications environment. 

DESCRIPTION OF . THE PRIOB., AR? 
A spread-spectrum signal. typically is qenerated by 

·modulating an information-data siqnal with a chip-code 
10 signa1. The information-data signal may come from a data 

device such as a computer, or an analoq device which outputs 
an analoq signal which has been diqitized to an .information­
data signal, such' as voice or video. The chip~code signal 
is qenerated by a chip-code where the time duration, ~c' of 

15 each chip ia substantially l••• than a data bit or data 
symbol. 

Spread spectrum provides a means for communicatinq in 
which a spread-spectrum signal o~cupies a bandwidth in 
excess of the minimum bandwidth neces~ary to send the same 

20 information. The band spread is accomplished using a chip 
code which is independent of an information-data siqnal. A 

synchroni~ed reception with the chip-code at a receiver is 
used for despreadinq the spread-spectrum siqnal and 
subsequent recovery of data from the spread-spectrum signal. 

25 Spread-spectrum modulation offers many advantages as a 
communications system for an o~f ice or urban environment. 
These advantaqes include reducing intentional and 
unintentional interference, combating multipath problems, 
and pro~idinq mu1tiple access to a communications system 

30 snared by multiple users. Commercially, these applications 
include, but are not limited to, local area networks for 
computers and personal communications networks for 
telephone, as well as other data applications. 

A cellular communications network usinq spread spectrum 
35 modulation for communicating between a base station and a 
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multiplicij;y of users, requires·control ot the power level 
of a particular mobile user station. Within a particular 
cell,· a mobile station near the base station of the cell may 
be required to transmit with a power level less than that 

· s when the •obi1e station is near an outer perimeter of the 
cell. This is done to ensure a constant power 1evel at the 
base station, received from each mobile station. 

In a first geographical reqion, such as an urban 
environment, the cellular architecture within the first 

10 geographical region may have small cells which are close to 
- each other, requiring a low power level from each mobile 
user. In a second geoqraphical reqion, such as a rural 
environment, the cellular architecture within the region may 
have large cells which are spread apart, requiring a 

15 relatively high power level from each mobile user. A mobile 
user who-moves from the first geogr•phical reqian to the 
second geographical region must adjust the power level cf 
his transmitter, for meeting the requirements of a 
particular 9eo9raphic region. otherwise, if the mobile user 

20 travels from a sparsely populated region with few and spread 
out cells using the relatively hiqher power level with his 
spread spectrum transmitter, to a densely populat~d reqian 
with many cells without reducinq the power level of his 
spread spectrum transmitter, his spread spectrum transmitter 

25 may cause undesirable interference within the cell in which 
he is located and/or to adjacent cells. 

Accordingly, there is a need to have a spread spectrum 
apparatus and method for automatica1ly controllinq a mobile 
user's spread spectrum transmitter power level when 

30 operatinq in a cellular communications network. 

OBJECTS OF THE INVENTION 
An abject of the invention is to provide an apparatus 

and method which controls the power level of a mobile 
station so that the power level received at the base station 

35 of each cell is the same for each mobile station. 
Another ·object of the invention is ta provide an 
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apparatus and method for automatically and adaptively 
contro11~ng the power level of a mobile user in a cellular 
communications network. 

Another object of the invention is to provide a spread-
s spectrum apparatus and_method whic~ will allow operatinq a 

spread spectrum transmitter in different qeographic regions, 
wherein each geographic region has a multiplicity of cells, 
and cells within a geographic reqion may have different size 
ce1·1s and transmitter power requirements. 

10 A further object of the invention is a spread-spectrum 
apparatus and method which allows. a large number of mobile 
users to i~ter:actively operate in a mobile cellular 
environment having different size cells and transmitter 
power.requirements. 

15 A ·still further object of the invention is a spread-
spectrum apparatus and method which controls a power level 
of a mobile user in a cellular communications network using 
a simple ci~cuit. 

An additional object of the invention is an apparatus 
20 and method for autoaatically controlling a power level of a 

mobile user which is easy to implement. 

SUMMAR.Y OF THE INYQTION 

According to the present invention, as embodied and 
broadly described herein, an apparat~s for adaptive-power 

25 control (APCJ of a spread-spectrum transmitter is provided. 
A plurality of mobile stations operate in a cellular­
communications network using spread-spectrum modulation. A 
base station transmits a qeneric spread-spectrum siqnal and 
an APC-data signal. The APC-data siqnal may be transmitted 

JO with or separate from the generic spread-spectrum signal. 
Each mobile station comprises acquisition means, detector 
means, decoder means, difference means, transmitter means, 
an antenna, and variable-gain means. The detector means is 
coupled to the acquisition means. The decoder ltleans is 

35 coupled to the acquisition means for decodinq the APC-data 
signal as a threshold. The differance means is coupled to 
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the detector means and the decoder means. The antenna is 
coupled to the transmitter means. The variable-qain means 
is coupled to the difference means and between the 
transmitter means and the antenna. 

5 The acquisition means acquires the generic spread-

spectrum signal transmitted from the base station. The 
detector llleans detects a received power level of the 9eneric 
spread-spectrum. signal. The decoder means decodes the APC­
data signal as a threshold. The difference means generates 

10 a comparison signal by comparing the received power level to 
the threshold. The comparison signal may be an analog or 
digital data siqnal. The transmitter means transmits a 
transmitter spread ... spectrum signal. The variable-gain means 
u_ses the compa_rison siCJnal as a basis for adjusting a 

15 transmitter~power level of the transmitter spread-sp~ctrwn 
signal from the transmitter means. 

The present invention also includes a method for 
automatic-power control of a spread-spectrum transmitter for 
a mobile station operating in a cellular-communications 

2.0 network usinq spread-spectrum modulation. A base station 
transmits a generic spread-spectrum signal and an APC-data 
signal. The APC-data signal typically is a spread--spectrum 
siqna1. Each mobile base station performs the steps-.of 
acquirinq the generic spread-spectrum siqnal transmitted 

25 from the base station, and detecting a received power level 
of the qeneric spread-spectrum signal. The steps also 
include decoding the APC-data signal as a threshold, from 
the qeneric spread-spectrum siqnal, or from a siqna1 or 
channel separate from the qeneric spread-spectrum siqnal. 

30 The method further includes comparing the received power 
level to the threshold, and adjustinq a transmitter power 
level of a transmitter spread-spectrum siqnal in response to 
the comparison. 

Additional objects and advantages of the invention are 
35 set forth in part in the description which follows, and in 

part are obvious from the description, or may be learned by 

practice of the invention. The objects and advantages of 

------
li1il1Hi11Jilir 
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the invention also may he realized and attained by means of 
the instrumentalitie.s and combinations particularly pointed 
out in the appended claims. 

BRIEF DESCRiptION OF TJIE DRAWINGS 
5 The accompanyinq drawinqs, which are incorporated in 

10 

and constitute a part of the specification, illustrate 
preferred embodiments of the invention, and together with 
the description serve· to explain the principles of the 
invention. 

FIG. 1 shows an adaptive power control receiver and 
transmitter accordinq to.the present invention; 

FIG. 2 shows an adaptive·power control receiver and 

transmitter according to the present invention; 
FIG. 3 shows the relative effect of a multiplicity of 

15 users communicatinq with spread spectrum in a cellular 
environment with and without usinq adaptive power control; 
and 

FIG. 4 is a flow chart of the method of the present 
invention. 

20 DETAILED DE$CRiPTION OF THE PREFgRRED EMBQDXMENTS 

Reference will now be made in detail to the present 
preferred embOdiments of the inventio~~ examples of which 
are illustrated in the accompanying drawings, wherein like 
ref erenc• numerals indicate like elements throu9hout th• 

25 several views. 
The present invention assumes that a plurality of 

mobile stations operate in a cellular-communications network 
using spread-spectrum modulation. The cellular 
communications network has a plurality of qeoqraphical 

30 reqions. with a multiplicity of cells within a 9eo9raphical 
region. The size of the cells in a first qeoqraphical 
region may differ from the size of the cells in a second 
geographical reqion. In a first qeographical reqion such as 
an urban environment, a cellular architecture within the 

35 reqion may have small cells which are close to each other. 
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In a second qeoqraphical region such as a rural environment, 
a cellular architecture within the reqion may have larqe 
cells.which are spread apart. 

A mobile station while in the first geographical region 
5 may be required to transmit a lower power level than while 

in the second geographical reqion. This requirement might 
be due to a decreased range of the mobile station from the 
base station.. Within ~ particular ce11, a mobile station 
near the base station of the cell may be required to 

10 transmit with a power level less than that wben the mobile 
. station is near an outer perimeter of the cell. This is 

done to ensure a constant power level at the base station, 
xeceived frr;>m each mobile station. 

In the present invention, a base station within a 

15 particular cell transmits a qeneric spread-spectrum siqnal 
and an APC-data siqnal. The APC-data signal may be 
transmitted with or separate from the qeneric spread­
spectrum signal. For example, a spread-spectrum signal 
usinq a first chip codeword may be considered a first 

20 channel havinq the qeneric spread-spectrum siqnal, and. a 
spread-spectJ:Um signal usinq a second chip codeword may be 
considered a second channel. The APC-data siqnal may be 
transmitted in the s~me channel, i.e., the first channel, as 
the generic spread-spect~um siqnal, or in a second channel 

25 which is different from the qeneric spread-spectrum signal. 
In the exemplary arranqement sbovn in FIG. 1, an 

apparatus tor adaptive-power control of a spread-spectrum 
transmitter is provided. Each mobile station comprises 
acquisition means, detector means, decoder means, difference 

30 means, transmitter means, an antenna, and variab1e-9ain 
means. The apparatus, by way of example, may have the 

acquisition means embodied as a first product device 101, a 
first chip-code qenerator 102, and a bandpass filter 103. 
The detector means may be embodied as envelope detector 104. 

35 Other type detectors may be used with'the present invention, 
such as square law detectors or coherent detectors, as is 
well known in the art. The decoder means may be embodied as 
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decoder 105. The difference means may be embodied as 
differential amplifier 106, the transmitter means as 
transmitter 112 and the variable gain means -as variable-gain 
device 111. The variable-gain device 111 may be a variable-

. 5 qain amplifier, a variable-gain attenuator or any device 
which performs the same function as the variable-<Jain device 
111 and described herein. 

The first product device·101 is coupled to the first 
chip-code generator 102 and to the bandpass filter 103. The 

10 envelope detector 104 is c9upled between the bandpass filter 
103 and the differential amplifier 106~ The decoder 105 is 
coupled between the bandpass filter 103 and the differential 
amplifier 106. The decoder 105 alternatively may be coupled 
to the output of_the envelope detector 104 •. 'l'he variable-

15 9ain device 111 is coupled to the· differential amplifier 106 
and between the transmitter 112 and antenna. 

The decoder 105, as illustrat:ively shown in FIG. 2, 
alternatively may be coupled between a s~copd bandpass 
filter 203 and different.ial amplifier 106. In this 

20· particular embodiment, the second bandpass filter 203 is 
coupled to a second product device 201. The second product 
device 201 is connected to a second Chip-code qenerator 202. 

The embodiment of FIG. 2 could be used where the APC-data 

siqnal is t~ansmitted over the second channel simul~aneously 
25 while the generic spread-spectrum siqnal is transmitted over 

the first channel. The second channel uses a spread­
spectrum siqnai with a second chip codeword, and the second 
chip-code 9enerator 202 generates a second chip-code signal 
usinq the second chip codeword. 

30 The product device 101, FIGS. 1 or 2, usinq a first 
chip-code siqnal from the first chip-code qenerator 102 

acquires the qeneric spraad-spect:rum signal transmitted fro• 
the base station. The first chip-code siqnal has the same 
chip code~ord as the qeneric spread-spectrum signal. The 

35 envelope detector 104 detects a received power level of the 
qeneric spread-spectrum signal. The received power level 
may .be measured at the detector. 
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The decoder 105 decodes the APC-data signal from the 
9eneric spread-spectrum signal as a threshold. More 
particularly, data ~hich establish or set the thre$hold for 
differential amplifier 106 ara sent with the APC-data 

s signal. 
The differential amplifier 106 generates a comparison 

signal by comparinq the received power level Of the generic 
spread-spectrum siqnal to the threshold. The differential 
amplifier 106 may employ a differential amplifier or other 

10 circuits for pertorminq the comparison function. 
The transmitter 112 tran~mit$ a transmitter spread­

spectru• Si<Jllal. The variable-gain device 111, usinq the 
comparison signal, adjusts a transmitter-power level of the 
transmitter spread-spectrum siqnal from the transmitter. 

15 The variable-qain device Ill.may be realized with a 
variable-qain.amplifier, a variable""'.qain attenuator, or an 
equivalent device which can adjust the power level of the 
transmitter spread-spectr:um signal·. 

:tn operation, a··base _station in a cell may transmit 
20 the· generic spread-spectrum siqnal on a cont-inuous basis or 

on a repetitive periodic basis. Mobile stations within the 
cell receive the generic spread-spectrum signal. The 
received qeneric spread-spectrum signal is acquired and 
despread with the first chip-code siqnal from first chip-

25 code qenerator 102 and first product device 101. The 
despread qeneric spread-spectrum siqnal is filtered throuqh 
bandpass filter 103. The moaile station detects the 
despread generic spraad-•pactrum signal usinq enveiope 
detector 104, and :measures the received power level of the 

JO generic spread-spectrum signal. 
The APC-data siqnal may be transmitted on the same 

channel as the generic spread-spectrum signal usinq the same 
chip codeword as the qeneric spread-spectrum signal. In 
this case, the APC-data siqnal is transmitted at a different 

35 time interval from when the generic spread-spectrum signal 
is transmitted. This format allows the mobile station to 
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acquire synchronization with the first chip-code, usinq the 
generic spread•spectrum signal. 

As an alternative, the APC-data signal may be 
transmitted on a different coded channel·usinq a ·second chip 

5 cadaword. I.n the latter case, the second spread-spectrum 
. . 

signal having the APC-data signal would be acquired by the 
second chip-code generator 202 and second product dev~ce 
201. In either case, the APC-data signal is decoded usinq 
decoder 105. rurtber, the APC-data siqnal may be time 

10 'division multiplexed or frequency division multiplexed with 

the qeneric spread-speetrun signal . 
. The decoder 105 decodes from the APC-data signal the 

value of the threshold for use by differential amplifier 
106. For example, if there were eight levels for which to 

15 set .the threshold level, then at minimum, a three bit word 
may be used with the APC-d.ata signal to transmit the 
threshold to the mobile station. The threshold is used to 
adjust and or set the threshold of the differential 
amplifier 106. Accordinqly. the received power level from 

20 envelope detector 104 is compared to the threshold of the 

differential amplifier 106. 

If the received power level is greater than the 
threshold, then the variable-gain device 111 would decrement 
or decrease the transmitte~ spread-spectrum power level. If 

25 the received. power level is less than the threshold at 
differential amplifier 106, then the variable:-qain device 
111 increases the transmitter spread-spectrum power. 

The APC circuit 110 of FIGS. 1 and i may be built on a 
digital signal processor chip. An analog to digital 

30 converter located at the output of the bandpass filter 103 

would convert the received signal to a data signal. The 
envelope detector 104, decoder 105 and differential 
amplifier 106 may be implemented as part of diqital signal 
processing functions on the diqital signal processor (DSP) 

35 chip. The analog to digital converters may be included on 
the ·osp chip. 
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FZG. 3 shows the advantage of usinq an adaptive power 
control apparatus with a mobile station in a personal 
communications network. The number of adaptive power 
control mobile stations, N(APC), versus the number of mobile 

5 stations which can be used in a similar region, N, is 
plotted with respect to an inner radius, Ri, and an outer 
radius, R

0
• When the inner radius qoes to zero, usinq 

spread spectrum as code division multiplex, the nu~er of 
users with adaptive power control who can operate within a 

10 cell, is approximately ten times the number of users without 
adaptive power control who can operate within the cell. 

The present invention also includes a m.ethod for 
automatic-power control of a spread-spectrum transmitter for 
a mobile station oper~ting in a cellular-communications 

15 network usinq spread-spectrum modulation. Referring to FIG. 
·4, a base station transmits 701 a generic spread-spectrum 
sic,;nal. and an APC information-data siqnal. 
station. perf.orms the steps of acquii:-in9 702 

Each mobile base 
the qeneric 

spread-spectrum signal transmitted from the base station, 
.20 and detecting 703 a received power level of the generic 

spr.ead-spectrum signal. The steps also include decoding 704 
the APC-data Si<Jllal as a threshold, from the qeneric spread­
spectrum siCJDal, or from a separate signal from the qeneric 

•pread-spact:rum signal. A threshold is set 705 from the 

's APC~data signal. The method further includes comparing ~06 
the received power level to the threshold, and adjusting 707 

a transmitter power level of a trans•itter spread-spectrum 
signal in response to the conaparison. 

It will be apparent to those skilled in the art that 
30 various modifications can be made to the method and 

apparatus for adaptively controllinq a power level of a 
spread spectrum signal in a cellular environment of the 
instant invention without departing from the scope or spirit 

of the invention, and it is intended that the present 
35 invention cover •odif ications and variations of the method 

and apparatus for adaptively controlling a power level of a 
spread spectrum signal in a cellular environment provided 

ii1ili1Di1ilr 1nr 
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they come in the scope of the appended claims and their 
equivalents. 
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l. An apparatus for adaptive-power control of a 
spread-spectrum ti::ansmitter cf a mobile station operating in 
.a cellular-communications network using spread-spectrwn 
modulation, comprisin9: 

5 a base station for transmitting a generic spread-

10 

1.5 

20 

25 

spectrum siqnal and an APC information-data signal; 
a multiplicity of said mobile stations, each mobile 

station havinq 
an acquisition circuit for acquiring and decoding 

the generic spread-spectrum signal; 
a detector coupl~d to said acquisition circuit for 

detectinq a receiver power level of the qeneric spread­
spect~m signal1 

a decoder coupled to said acquisition circuit for 
decoding the APC-data signal as a threshold;-

a differential amplifier coupled to said detector 
and said decoder for generating a comparison signal by 

comparinq the received power level to said threshold; 
a transmitter for transmittinq a transmitter 

spread-spectrum signal; 
an an~enna coupled to said transmitter; and 
a variable-gain device coupled to said 

differential amplifier and between said transmitter and 
said antenna, reaponsive_to said comparison si9nal 
indicatinq an increase or decrease for a4justin9 a 
transmitter-power level of the transmitter spread­
spectrlim signal from said transmitter. 
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2. An apparatus for adaptive-power control of a 
spread-spectrum transmitter of a plurality of mobile 
stations operating- in a cellular-communicat;ions network 
usinq spread-spectrum modulation, wherein a base station 

_ 5 transmits a generic spread-spectrum signal and an APC 

information-data signal, ea,ch mobile station comprising: 
acquisition means for acquiring and decodinq the 

qeneric spread-spectrum signal; 
detector means for detecting a received power. 

10 level of the qeneric spread-spectrum siqnal; 
decoder means for decoding the APC-data siqnal as 

a threshold; 
differential means for generatinq a comparison 

signal by comparing the received power level to said 
15 threshold; 

transmitter means for trans:m~ttinq a transmitter 
spread-spectrum signal; 

an antenna; and 
variable•qain means responsive to said comparison 

20 siqnal for adjusting a transmitter-power level of the 
transmitter spread-spectrum signal from said transmitter~ 

3. The apparatus as set forth in claim 2 wherein said 
acquisition means includes: 

a first chip-code generator; 
a first bandpass filter; and 

5 a first product device coupled to said first chip-
code qenerator and said bandpass.filter. 

4. The apparatus as set forth in claim 2 wherein said 
differential means includes: 

a differential amplifier. 

5. The apparatus as set forth in claim 2 wherein said 
decoder means includes: 

a data demodulator. 

: \ \llllll l\111111111111\1 \I Ill\ 
* C L M S * i1iiifU1if 
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6. The· apparatus as set forth in claim 2 wherein said 
variable-9ain means includes: 

a.variable-qain attenuator. 

7. The apparatus as set forth in claim 2 wherein said 
variable-qain means includes: 

a variable-9ain amplifier. 

a. A method for adaptiv.e-power control of a spread­
spectrum transmitter of a plurality of mobile stat~ons· 
operatinq in a cellular-communicatio~s network usinq spread­
spectrum modulation, wherein a bas.e station transmits a. 

s qeneric spread-spectrum siqnal and an APC information-data: 
signal, each mobile station comprisinq the steps of: 

.acquiring and decoding the generic spread-spectrUlll 
signal; 

detecting a received power level of the qeneric 
10 spread-spectrum siqnal; 

decodinq the APC-data signal as a threshold; 
generatiruJ a comparison signal by comparing the 

received power level to said threshold; 
transmittinq a transmitter spread-spectrum signal; 

15 and 

adjustin9 a transmitter-power level of the 
transmitter spread-spectrum si9nal from said transmitter 
usin9 said comparison siqnal. 

I IHflll 111111 11111 I 1111 fl 1111 
* C L M S * 


