
5 

10 

15 

20 

25 

30 

-·~ -· ~--~-~------·········· ·····- ··•······ --------~-------,......,....,,..---___ _.:..:::;_;_............;............;............; ____ _ 
.. 
. --··-·-·--····----------.... __ ;·; .. ;\('LU :e:i·iE:-..~:rs SG 

-J~ J).;;<;c:-iptJ<Jrl : paged ,, .. L. t(~ paged .. J7 .... . 
;i.0 CL.irn{s) : pnged .. .ft. .. to paged ... ~ ... .. 
i L] i.>rn.wing(s) : pEgcd ........ to paged ......... . 
j Li.lo AL:;i n.1;:'.~ : paged ... R. to paged ... :: ... .. 

t J)A.TE OF RECEIPT .................................. . 

DUPLEX POWER CONTROL 

FIELD OF THE INVENTION 
The invention described here relates to radio 

communications systems, and in partiqµla·r, to duplex 
power control systems for cellular radio telephone 
sys't;:ems. 

BACKGROUND OF THE IN'VENTION 
A cellular radio telephone system divides a 

geographical area up into cells whei:e neighboring 
cells are genera.lly allocated different operating 
frequencies so as to avoid interference •. Because of· 
the relatively low power communication transmissions 
with a particular cell, another ce.11 spaced two or 
more cells away may typically re-use the same 
frequencies. The further apart cells re·-usinq 
similar frequencies are located, the lower the 
interference level between them. The frequency 
re-tise/cell pattern is important in determining the 
des~red signal-to-interference ratio (C/I) in a 
cell. 

As the total number of different frequencies 
required to construct a cell pattern to achieve a 
desired C/I ratio increases, the number of 

~-_frequencies available for use within a cell 
decreases. For example, if a total of 420 
frequencies are available and ·a 21-cell pattern is 
required before frequency re-use is permitted, the 
number of frequencies that can be used. ~n each cell 
is 4:20/21 = 20. Consequently, one way of increasing 
capacity is to. use a transmission technique that 
operates at a reduced C/I. 

current cellular telephone systems prefer 
digitized voice transmission, as compared to the 

::.·:'::· 
· . ."! 
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transmission of analog voice waveforms, because 
digitized transmission tolerates more interference. 
Thus, digitized voice t;t:'a·nsmission allows for a 
smaller frequency re-use pattern with a consequ~nt 
increase in system capacity. When digital 
transmission techniques are used, error correction 
coding is often employed to increase interference 
tolerance. Unfortunately, error correction coding 
eff:ectively widens the transmitted s_ignal frequency 
bandwidth, reducing the number of available 
frequency channels. Extra interference tolerance 
permitting increased i;:-e-use of frequencies must be 
balanced with a reduction in the number of 
frequencies available. 

The relationship between system capacity versus 
the amount of error coding is not monotonic and 
includes several maxima and minima as the amount of 
error coding increases. At one extreme, the amount 
of error coding is so gr~at that interference levels 
equal to or in excess of the power level of the 
desired signal can.be tolerated. In that situation, 
overlap between signals is permissible, and the 
system is known as a Code Division Multiple Access 
(CDMA) system. 

In CDMA systems with many overlapping, 
int~rfering signals, a factor of two increase in 
system capacity may be achieved by temporarily 
turning off subscriber·transmitters during the 
mom~nts of silence during a two-party conversation. 
It has been well documented that 50% or.more of the 
time during a call conri~ction between two 
subscribers is actually'silence. Consequently, the 
number of conversations ·may be doubled before 
interference becomes prdblematic. A Discontinuous 
Transmission (DTX) takes advantage of this feature 
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and is employed in conventional cellular access 

systems, such as the Time pivision Multiple Access 

(TD?;IA), Pan-European Digital Cellular System known 

as GSM. DTX effectiveiy reduces the prevailing 

interference of all the signals with respect to each 

signal. 
Another ·technique for reducing interference 

.between signa,ls in neighboring cells on the same 

frequency is to conf iqure the transmission power 

distribution of a cell over all of the mobiles 

within a cell according to each mobile's distance 

from its respective cell edge. The power 

transmitted downlink from a base station in the 

center of the cell to a mobile on the cell edge 

sho\ild be th~ greatest. in other mobile locations 

further fro~'the cell-eqge and closer to the base 

: · sta~ion, the power level should follow a fourth 

,_35·· 

pow~r radius·law based on the distance or radius of 

the:mobi.le from the cell.center where typically the 

bas~ station is located. In the uplink direction 

·fro- mob.ile to bi:lse station, the mobile's 

transmissiot;i_power should also be set according to a 

fourth pow~t: \radius law, iri order to equalize the · 

signal strengths received at the base staticm and to 

pre.ij.ent those mobiles closest to the base.sta:tion 

froin using unrj,ecJssary pow.,e,r levels that would cause 

substantial interference~ 
., 

Unfortunately, there ts no direct technique for 

either the base statio~· Q~ ·.the m~bile to. determine 

the' distance between t:hem$elves. Conseqµently, the 
;· . I 

radius nece·ssary to construct a fourth power law is 
r· 

unknown. This problem~i~ overcome in conventional 

systems using a techniq\;~ Jg1own as Dynamic Power 
; 

Control in which.a collll'iland is transmitted·from the 

basf! station t:o the m6bi'le to reduce its power if 
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the signal strength received by the base station 
.from that mobile is unnecessarily high. s'imilarly, 
the mobile sends a message to the base station 
including a measurement of the signal strength 
received from the base station. The base station 
uses that measurement t(:, regulate its transmitted 
power to that mobile. The Dynamic Power C~>ntrol 
technique has the disadyantage that it is slow to 
react because of the cuinb.ersome, bi-directional 
messages needed between the base station and the 
mobile. The bi-directional ·signa·11ing also reduces 
the capacity or quality of the traffic channel. 

It would be desirable to have a cellular power 
control system that has increased system capacity in 
terms of frequency reuse but that minimizes the 
effects of any increased interference. Moreover, it 
would be desirable to achieve these goals by 
regulating efficiently and accurately the power 
transmitted· from the base station to a mobile and 
the power transmitted from each mobile to its base 
station without the need for bidirectional power 
control messages between the base station and the 
mobiles • 

SUMMARY OF THE INVENTION 
In the present invention, a single control loop 

,. regulates the power transmitted by the base station 
to its associated mobiles and the power transmitted 
by those mobiles to the.base station. The base 
station monitors each mobile transmitter's power by 
measuring·the signal strength of signals received 
from each mobile. If a mobile's power level has 
increased or decreased, the base station adjusts 

·.that fraction of its totai transmitter power that is 
. . . apportioned to transmissions to that mobile to 

•:.: 
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compensate for the power level change. In turn, the 

mobile detects that adjusted power level and 

increases (or decreases.) its transmission power in 

accordance with the detected power. 

Each mobile measures the signal strength of 

that portion of the total base station signal 

specifically intended for that mobile, arid compares 

that signal strength value to eit:tie~ the ·total base 
' 

station signal power or in·a rela~ive manner to a 

cumulative ranking of ba_.se station signal strengths 

intended.for other mobii~s. From that comparison, 

·the mobile increases or decreases its transmission 

power. Each mobile's comparison of relative signal 

strength of received signals from the base station 

to the signal strength comparison of sig~als 

received by other mobiles from the same base station 

eliminates the affect of multi-path fading on the 

base-mobile signal path because all of the signa-ls 

fade more or less equally. As a result, fading in 

the downlink direction from base station to mobile 

does not cause undue variations in ·how the mobile 

determines its transmitter power. 

The present invention essentially accomplishes 

duplex power regulation ··for both uplink and downlink 

communications simultaneously using only one control 

loop. This control loop is more 'efficient than the 

prior art techniques rec;{\liring exchange of power 

control data messages be~ween the mobiles and base 

station, and it also co1Upensates for multipath 
·' 

fading affects not accounted for in the prior art 

systems. 

BRIEF DESCRIPTION OF THE DRAWINGS 
:·.·:-:·· 

These and other features and advantages of the 

invention will be readily apparent to one of 
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ordinary skill in the art from the following written 

description, read ·in conjunction with the drawings, 

in which: 
Figure 1 is a functional block diagr~m .of a 

base station according to the·present invention: 
Figure 2 is a functional block diagram of a 

mobile station according to the present inven.tion; 
Figure 3 is a detailed functional block diagram 

of a mobile station for implementing the present 

invention in a CDMA cellular system; 
Figure 4 is a functional block diagram of a 

CDMA signal generator for implementing the present 
invention; and 

Figure 5 is a graphic simulation of a non­
linear power control function that may be used to 

achieve an optimum relationship between uplink and 
downlink relative power. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The invention applies to radio communications 

systems between base ~tations and a multiplicity of 
mobiles where the power levels transmitted bY each 
mobile and by the base station may be controlled to 
provide optimal signal power levels in order to . 
reduce interference in surrounding cells. For 

purposes of description only, the present invention 

is described in the context of discrete and 
continuous transmissions from mobile to base and 
base to mobile. 

According to Figure l, a base station l·OO is 
equipped with transmitters (16a, l6b, l6c ••• ) for 
transmitting different data signals to a plurality 

of mobile stations via a transmitter amplifier 17 

and an antenna 18. The relative power leve-1 of each 

transmitted signal is determined by a power control 
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unit 14. As will be described in more d'(;itail :be],qw, 
the power d¢>ntrol unit 14 determines an.d"f:;et~ the 

. . ·. .· 

power levels for signal transmissions cippo::rtlor)~d to 
eac;:h mobil~· ·b.~sed on the relative powe:c- ;l.evels 
measured by t.he receivers 11, · 12a, 12b, j.2c ••• of 
the signa.1~·received from each respecfi~~mo})ile 
sta.tion via an antenna _ 10. The sum. of all C>t the 
signals transmitted by the base station·100 combine 
to definea'co],1\posite·signal. 

Accor~lng to Figu:c-e 2, a mobile statiqn 200 is 
equipped with a .receiver 22 which operates in a 
conventional manner to filter, amplify and 
demodulat~ a signal from antenna 20. A first 

.· . . 

decoder 2·4 As provided for selectively receiv:ing- and 
decoding.its; .intended signal transmitted.from the 
base stat,i.()ii -100 and measuring its signcil s;t:rengi:h •. 
Data sigrt~isdemodulated in the first decoqer 24 are 

.. . ... 

generat~d as, output data signals for SUbS~quent use. 
.. . 

Other signals ttansmitted .from the base station :100 
intended-· fot other mo)>iles within its ce.+1 are 
received .an~dece>ded i~ a second decoder 26 where 
their re·fipective signal strengths are measured. A 

signal s:t:~~ngth calculator 28 receives tpe signal 
strength·nt~asureD1ents from both of the first and 
second -decdd~fs : 2·4 and 2 6 and calculates a 
transmiss'iC>~ pow~r for the mobile 200 to use in 
transmissio#s to the bas;e station 100. The data 
input signals: to be transmitted from the mobile 200 
to the base $tation 100 a•re received ip ·.c:t m.od:ulator 
34. A :t:ra11sl:ititter 32 r:eceives the modulated signal. 
Based on th~ transmiss,ion power calculated by the 
signal streJ:l9th . c'.c:tlculatC>r 2·8, a power level 
controller .:JO varies the power of the transmitter 32 
to transmit a· mobile output signal. 
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The operation of t~e control loop of the 
present invention will now be described. If the 
power control unit 14 of the base station 100 
determines that a particular mobile's signal 
,strength is greater (or weaker) than signal 
strengths received from the other mobile~, the ba~e 
station l'OO power control unit 14 reduces the pOWE!Z" 

,', > •,, : :of a corresponding transmitter, e.g. , transmitter 
16a. That power reduction is implemented not as an 

:(o , ,,', instantaneous change but rather as a gradual change 
from the present power v'al ue towards the new target 

', , value over a period of time, e.g., 20 msec. 
After the mobile 200 measures the received 

'signal strength in the first decoder 24, the signal 
' -15 , ,, ', ·strength calculator 28 determines that the strength 

20 

25 

'',,' of the signal from the base station 100 to the 
'•,·.mobile 200 ~as been reduced relative to the signal 
'strength previously received. , The actual power 
reduction is determined either by computing the 
ratio of the, signal strength value received by the 
mobile decoqer 24 to the mean of the total signal 
power transmitted to all of the mobiles in the cell, 

',• ~,. or by determining the position of the signal 
, Feceived by the mobile 20,0 in a relative si9nal 

>:strength ranking with si911als for other mobiles 
within the cell. 

For example, if the mobile's 200 received 
•:~ignal strength had:prev1ously been ranked fifth in 
,,'a signal strength order 'of all the cell mobiles and 

30 , <;:is now determined to be sixth, it is clear that the 
·,(iPPOrtioned •signal power from the base station to 
, that mobile 200 has been reduced. Thus, the mobile ' . 
>power level controller 3,tj changes the target power 

level for the mobile transmitter 32 from a power 
35 value PS to a lower power tClrget value P6. These 

";' 
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power values Pl, P2, PJ ••••• may be stored in a 
memory in a predetermined table format. The power 
level controller 30 then decreases the actual value· 
of ~he transmitted mobile p~wer over a pred.t!~e:t'ltlined 

time period from PS towards P6. If at the end of 
that time period, the transmitted mobile .power has 
only reached·some intermediate value Pi anc:i new 
sigpal strength measurements result in a· new target 

value Pn, then the pow:er level is gradually cha~ged 
from the current value Pi towards the target value 
Pn. 

Alternatively, if actual signal strength rather 
than relative signal strength order is used to 
det.ermine power level changes, the mobile :power 
level controller calculates· a ratio r=So/Sm, where 
So denotes the signal strength of that portion of 
the base sta.tion signal intended for a specific 
mobile 200 and Sm denotes the mean signal strength 
value of th~ base station signals intended for other 
mobiles. From this ratio a new target power l.evel 
is selected according to a non-linear function P(r) 
which depends on the ratio r. The exact nature o.f 
the non-linear function P(r) depends on the 
particular communications scenario such as the 
nu:niber of mpbile:stations. supported by each cell, 

. .. . 

the type of •jnod.ulation, the frequency re-use . 
pattern, th~·-:di.stribution of mobiles in the cell, 

the physical' geography within the cell, the desired 
C/I ratio, :etc., and may be specified by a 
predetermine:d look-up table. 

Thus, the control loop essentialiy includes the 
base station detecting power level changes from 

individual mobil'es in its cell as those mobiles move 
further or closer, behind buildings, etc., and 
adjusting the power level of the base station 
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transmitter associated with each mobile to minimize 

the affect of those power level changes. Once a 

moblle .·aetects tl;lat change in base station 

trapsmj_f;sion power level allocated to that mobile, 

it modi.f;i.es its transmission power level to match 

the det4!cted change. No bidirectional messa9es or 

signalling between the base station and mobiles is 

reqµired. 
A preferred embodiment of the present invention 

for a duplex power control system is described for 

purposes of ·illustration in the context of a 

subtractive CDMA cellular telephone system similar 

to that disclosed in U.S. Patent No. 5,151,9i9, 

issued Sept~er 29, 1992, assigned to the present 

assignee. The subject matter of which is eXpressly 

incprpo:J:'ated by reference. 
A.· mobile station 2 oo for implementing this 

pre'ferr~d 9lllbodiment is illustrated in Figure 3. A 

duplexer 52 allows both a receiving amplifier 54 and 

a transmitter 70 to be conn~cted to an antenna so 

siml.lltaneously. The amplifier 54 amplifies a 
' .. ~ . 

rec·eiveci, composite signal which includes signals 

from th.e base station to all of the mobile stations 

wit,ihin its qell as well as interference. A filter 

56 filt~rs ·~ne amplifier output signal to remove 

extrane()us noise. The filter 56 output signal, 

consisting of a coded block of superimposed CDMA 

signals from the corresponding base station 100, is 

divide<iinto its real and imaginary (quadrature or 

I,Q) c(>mponents and digitized in a· dual-channel 
. . . \ 

A-to-D converter 58. 

A· CDMA signal processor 60 and a signal 

strength tracker and sorter 62 form a COMA 

demodulator ·63. The CDMA processor 60 d~odulates 
. . 

the stl;ongest signal from the composite signal .and 
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subtracts the demodulated signal from the composite 

·received signal in an iterative demodul.ation process 

until all of the coded, mobile siqrials from the base 

station 100 are demodulated. The signal strength 

values of each demodulated signal code block are 
. . . 

sorted in the signal strength tracker and sorter 62 

in the order of strongest to weakest -signal strength 

value and used to predict the relative strengths of 

the signals for the next code block. A detailed 

description of the subtractive CDMA demodulation 

procedure is provided in the above-described patent 

application which has been incorporated by 

reference. 

The position in signal streng:th order of that 

portion of the base station signal i;ntended for a 

particular mobile is assigned a relative power level 

vaiue by· the signal strength tracker and sorter 62 

and stored in a memory look-up table· 64. The signal 

strength tracker and sorter 62 assigns power levels 

according to the relative signal str,ength order. A 

higher relative signal strength w9uld correspond·, 

for example, to a greater power level value and vice 

ve;rsa. 

Each power level in the relative power level 
·:· .:: 

order is associated with a particular mobile and 

each mobile's power level is sent:· to. its respective 

power controller 66. If the powe~ ;ievel associated 

with th~t particular mobile has cl'la"h9ed since the 

last iteration, the power control).er· ·66 regulates 

that mobile transmitter's 70 outp'ut:}pawer towards 

the new power level value. The po,~r controller 66 

imposes a time constant on the chap~e from the 

present power to the newly determ.i~~d power level so 

that the base station 100 does nd:t·4!)Cperience sudden 

step changes in the received power:'l.evel from that 
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mobile. For example, the power controller 66.might 

ramp the power level from the present value to ·the 

desired value at a limited rate so that it does not 

change more than o .10 decibels between succe'ssive 

code blocks.. If a code block has a typical duration 

of ·0.50 msec, the rate of power change may be 200dB 

per second. This rate is sufficiently :t:>;igh"to 

partially minimize the effects of signal fading. 

In an alternative embodiment, rather than using 

a mobile's position in ~i<iJnal strength order to 

select the transmitter power in discrete steps, the 

ratio "r" of the power o·f that portion of the base 

station signal So intended for one mobile divided by 

the total power of all the mobile signals within the 

cel·l Sm is us;ed as a continuous power control 

variable. This continuous variable is transformed 

through the non-linear function P(r) to obtain the 

new, desired value of the mobile transmitter power. 

The non-linear function P(r) may be implemented by 

numerically approximating the continuous variable 

"r" to a cert,ain number of bits, e.g., 8 bits, and 

using it to address a look-up table, e.g., having 

256 locations. The look-up table representing P(.r) 

is predetermined so that for each of 256 "r" values, 

a corresponding value P(r) is addressed and 

retrieved. Greater precision is achieved by 

increasing the number of bits representing the ratio 

"r", e.g., 10 .bits generates 10.24 ·values e;tored in 

the lookup table. Of course, if 11ri1 was truly 

continuous, a lookup table would be in.finitely 

large. 
It is beyond the scppe of this description to 

provide exhaustive details concerning the 

determination of the non-linear function used to 

generate the contents of the look-up table. such a 
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determination requires complex simulations of the 
entire duplex communications system. Howeve-r, the 
various criteria set forth below will enable a 
person of ordinary skill in·the art to develop a. 
suitable, non-linear function. The ratio "r" may be 
expressed either as a power ratio, a voltage ratio, 
or' in dB's, i.e., on a logarithmic scale. A 
simulation of a non-linear function P(r) ·fc:>r 
achieving an optimum relationship betwe~n uplink and 
downlink relative power is illustrated graphically 
in Fig. 5. The cell is assumed to contain 24 active 
mobiles numbered 1-24 along the horizontal axis in 
increasing distance from the base station. X=24 
corresponds to the mobile farthest from the base 
station: X=l corresponds to the mobiles nearest the 
base station. 

While the power levels required in the uplink 
direction from mobile to base station to provide 
equal power levels at the base station are 
determined by the fourth power propagation law 
described above, e.g. , the power levels are 
inversely proportional to the fourth power of the 
di.stances from each mobile to its base station, the 
p~opagation l~w which dictates the power levels 
required for the downlink direction to provide equal 
signal quality at each mobile mu~t account for 
neighboring cell interference. It is the difference 
between the Uplink a~d downlink propagation laws 
caused by neighboring cell interference that · 
requires a non-linear function to translate rel~tive 
signal strength for downlink.transmissions to 
required transmitter power on uplink transmissions. 

The graph in Fig. 5 illustrates the non-linear 
correspondence between d"istribution of base station 

pc;>wer to mobiles on the downlink and mobile 
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transmitter.power required uplink to the bas.e 
station. The curve labelled Power Share shows ~or 
the particular system simulated the proportion of 
the total base station transmitter power each mobile 
should receive (in dB below total transmitted base 
station power) to achieve equality in signal quality 
at each mobile. Consequently, mobile 1 receives 
-42;dB of the total power while mobile 24 receives 
-SdB, a difference of 34dB. On the other hand, 
mobile 24 is J~i~ further times away than mobile 1, 

assuming a uniform area distribution of mobiles, and 
based oh the fourth power radius law referenced 
above, the mobile 24 needs to transmit (24) 2 times 
as much pow~r as mobile 1 which is equivalent to 
28dB. Likewise mobile 10 gets 22dB more base 
station power than mobile 1 but should transmit 20dB 
more back to the base station, etc. Thus, each 
mobile adjuE;ts its transmitter power in response to 
changes of signal strength intended for that mobile 
received from the base station according to the non­
linear functJ,.on P(r). 

Another objective of the present invention in 
adjusting mobile transmitter power is to achieve 
equal s~gnal:-to-interference ratios (C/I) at the 
base station· .for all the mobiles simultaneously with 
equal signal-to-interference ratios (C/I) at all of 
the mobiles. :with respect to signals from the base 
station. A·problem affecting achievement of that 
objective is;· that the. instantaneous signal strengths 
of all ~obiles varies t?ecause of multipath or 
Rayleigh fa~ing on their respective, uncorrelated 
signal paths.. In systems using subtractive COMA 
demodulation, signals from mobiles near the base 
station exhibiting a single, dominant propagation 
path (low echoes) have the strongest signal 
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strengths and therefore should be demodulated and 

removed from ·the composite signal first. Signals 

from more distant mobiles being more likely to be 

received with multiple paths (delayed echoes from 

refiections from mountains, buildings, etc.) should 

be removed s~sequently. Accordingly, in the 

subtrae,tive CDMA embodiment of the present 

invention, the base station sets one target signal 

strength above the mean for mobiles likely to have 

multiple paths and a second target signal strength 

below the mean for those ·mobiles less likely to have 

multiple paths. 
Given the unpredictable nature of the 

interference and multipath fading problems described 

above, the contents of the non-linear power function 

look-up table 64, being based on theoretical 

calculations, must often be modified in light of 

practical experience for optimal results. The 

present invention provides for the look-up tabl.e 64 

to be changed by a command from the base station 

included in the data received by the mobile as a 

digital control message. While the modification 

mig~t be an overall scaling factor in the simplest 

case, it might also involve the selective 

modification of certain elements or a complete 

rewriting of the entire table. In situations where 

target signal strengths are not specified by the 

base station or are unnecessary, a default table 

look-up may also be provided in each mobile station. 

When discontinuous transmission (DTX) is used 

in conjunction with the duplex power control system 

of the present invention, normally only the mobile 

transmitter ·associated w:t.th the active speaker is 

transmitting. Therefore., during much of a normal 

voice conversation a communications link exists only 

--· - ----·-
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in one direction, and the power control loop of the 

pre~ent invention between the mobile and the base 

station is J;>roken. Of course, it is poss.,ible-for a 
mobile to formulate its transmitter power J;>a,sed on 
past signal strength-measurements from pre,vious 
transmissions from the base station, but those 
measurements may be too old to be of use and no 
compensation for Rayleigh or log normal fading is 

obtained. 
The use of DTX in combination with the present 

invention in the system illustrated in Figure 3 will 
now be described in more detail in conjunction with 
Figure 4. The CDMA signal generator 68, which is 
used either in the base station 100 or each mobile 
200, uses a speech encoder 80 for encoding t~e 

speech input waveform in typically 20msec blocks 
into a coded block of typically 280 data bits. Each 

20msec block generated by the speech encoder 80 
either contains speech information or silence (no 
speech). An orthogonal block encoder 82 encodes 
groups of bits, typically seven bits, of the.coded 

block into pode words, typically 128 bits long. A 

scrambler 84 using a unique code for each mobile 
insures that code word sequences differ f.or each 

mobile. 
Of forty-two code words transmitted per 

20 msec, forty code words typicall,y represent one 
speech block. The code words in each block are 
staqgered by a code word generator 86 one code word 

apart in order to distinguish between the signals 

·destined for different mobil.es. The benefit of 
st~ggering is that the staggered code words appear 
for each mobile signal at different time positions 
and maintain signal strength measurements between 

each mobile and the base station during otherwise 

---- -- --- --
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silent transmission ·'periods. Also, peaks in 

receiver activity to.demodulate and decode the code 

words are avoided~ 

At times when tbere is no speec~ to transmit 
. ' 

because of a silent period, only two (or some small 

number) code words in a predetermined position 

within the 40-word block are transmitted. When the 

base station or mob:$:.le receiver detects these 

initial c~de words indicating a silence block, the 

receiver ignores the rest of the block. In this 

way, considerable signal processing resources are 

conserved. In addit1on, th·is staggered code word 

transmission technic;tu.e provides the mobile and base 

station receiver wit.h at least one sample of signal 

strength for each signal every 2omsec, thus enabling 

the·power control loop of the present invention to 

remain in continuous operation. 

The invention has been described.in terms of 

specific embodiments to facilitate understanding. 

The above embodiments, however, are illustrative 

rather than !imitative. It will be readily apparent 

to one of ordinary skill in the art that departures 

may be made from the specific embodiments shown 

above without depa]:ting from the essentia,l spirit 

and scope of the il)Vention. Therefore, the 

invention should not be regarded as limited to the 

above examples, but· should be regarded instead as 

being fully commen~urate in scope with the following 
."; ~-

claims. 

---·- __ __..;...-------. 
··- ------ -
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WHAT IS CLAIMED IS: 

1. A power regulation system, comprising: 

a plurality of mobiles for communicating with 

at least one base station, each mobile including: 

mobile receiving means for receiving a 

compos;ite signal formed from signals transmitted 

from said bas.e station to all of said plurality of 

mobiles, eac~ transmitted signal intended for one of 

said mobiles, and for determining corresponding 

signal strength values for each received signal in 

said composite signal and, 

me(lns, connected to said mobile receiving 

means, for computing from said signal strength 

values a desired mobile transmitter.power level, and 

said base station including: 

base station receiving means for receiving 

signals tra.n:;mitted from said plurality of mobiles 

and for measQring their corresponding signal 

strength values, and 

means for modifying power levels of signal 

transmissions to said mobiles based on said measured 

signal strength values so that each of said mobile 

receiving means receives its intended signal with 

substantia-lfy equal signal quality and said base 

staticm receiving means receives said mobile 
. ._, 

transmitted. signa.ls with substantially equa:l signal 

quality. 

-------· ----------·- -------------
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2. A system as described in claim 1, wherein 
said computing means computes said desired power 
level for each mobile transmitter from a relative 

ranking of said determined signal strength valq.es 
from greatest to weakest signal strength. 

3. The system according to claim 2 , ' wherein 
said computing means includes: 

means for detecting changes in a power 
level of transmissions intended for said mobile 
bas:ed on changes in said relative ranking; 

means for increasing said mobile's 
transmitted signal power level when said relative 
ranking increases; and 

means for decreasing said mobile's 
transmitted signal power level when said mobile'··s 
relative ranking decreases. 

4. A system as described in claim 1, wherein 
said computing means computes said desired power 
level for its respective mobile as a function of a 
ratio of said determined signal strenqth vaiue 
associated with said respective mobile to a mean of 
said determined signal strength values associated 
with said other mobiles. 

5. A system according to claim 4, wherein 
said computing means includes: 

means for detecting changes in power 
level·s of transmitted signals intende~ ~or said 
mobile based on changes in. said ratio; 

means for increasing said mobile's 
transmitted signal power level when sa·id ratio 
increases; and 

---···----------------· ..... -------··-··-------------
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me;ans for decreasing said mobile r. s 
transmitted signal power level when said ratio 

decreases. 

6. A.system according to claim 1, wherein 
said computing means includes: 

means for storing in table form a non-
1 inear power distribution function, and 

me~ns for determining said power level 
based on said non-linear power distribution 

function. 

7. A ~ystem according to claim 6, wherein 
said base stat.ion includes: 

mei:lils for altering said storing means in 
each mobile to adapt said non-linear function. 

8. A system according to claim 1, each mobile 

further co~p:rising: 
transmission means for transmitting a 

mobile signal from said mobile, and 
IilE!;ans, connected to said collipUting means, 

for gradually altering power of said transmission 
means base(l on said computed desired mobile 
transmitter power level • 

9. 1\ :system according to claim l, wherein 
said modifying means increases power levels of 

. . 

siqnal tran:s~issions to mobiles having r~Iatively 
lesser measured signal strength values. and decreases 
power levels to mobiles having relatively greater 
measured signal strength values. 

I lllllll llllll lllll lllll II llll: . 
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10. A system as in claim 1, wherein said 

computing means inc.ludes: 
means for sorting said determined signal 

strength values in an order from greatest to' lowest 

signal strength value, and 

means for selecting said desired mobi:le 

transmitter power level from a predetennined look-up 

table stored-in a memory based on the position of 

said mobile •·s determined signal strenqth value in 

said sorted order. 

11. A system as in claim 1, wherein said 

mobile and base station receiving means each includ~ 

a Code Division Multiple Access receiver. 

12. A sysl:em as described in claim 1, wherein 

said signal strength determining means is a code 

division multiple access demodulator (CDMA) 

including: 
subtractive CDMA demodulation means for 

demodulating said com.pc:>site signal into a plurality -

of demodulated signals corresponding to said 

transmitted signals to each of said plurality of 

mobiles; 
signal strength ranking means for ranking said 

demodulated signals in an order from greatest to 

weakest signal strength; and 

wherein said CDMA demodulation means 

demodulates a-nd subtracts said demodulated signals 

from said composite signal in said order. 

13 • The system according to claim .. 1~, wherein 

said ranking means includes a memory for storing 

said demodulated signal strengths in table format. 

HlllllHlllll 11111 11111111111 
* C L M S * 



.· .·. 

··~ ... 

. ':~~ ~> ·:.· 
·"._' 

5 

10 
,-.· . 

'·.··· .. ,: : 

·: .. ·, .. .-. ·. 
··.'·\·:. 

15 

··. ·;· .. :_ :? 

.:,:. 
. ; .... : 

. .-.--: .. : 

20 

:· .. ~. :· = ..... 

25 

· .. :"'".· .· 

·-· .· .·. 

30 

_.:.· 

-------- --- -------- - ----

-22-

14. -ThEa system according to claim 12, each 

mobile further comprising: 

CDMA signal generating means, connected to 

said -computirigmeans, for generating coded blocks of 

CDMA data signals and for staggering in time 

transmission: .·of said coded blocks. 

15. Tµ.e power control system according to 

clai.m 1, wheiein each mobile includes: 

me~ns for detecting periods of silence in 

communicatioµs from said base station to any mobile, 

and 
me2l!ls for deactivating demodulation of a 

signal detec~ed to be silent. 

16. A power control system, comprising: 

at leas·t one base station for controlling a 

plurality o'f. mobiles each having a transmitter, said 

base statiorihaving means for altering the 

proportion c)f·total base transmitter power 
. -~ · . 

transmitted to each mobile to regulate ea·ch mobile's 

transmitter;power. 

17. The power control system according to 

claim 16, wh,~rei11 said altering means includes means 

for equalizing m<Jbile transmitter power levels 

received at·~aid·base station from each of said 

mobiles. 

18. The power control system according to 

claim 16, ea.ch mc)bile further comprising: 

me<5.nis if:or detecting alterations in the 

proportion .a:~· total base station transmitter power 

transmitted to said mobile, and 

I llllllHlllll lllll 11111111111 
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means for changing said_ mobile transmitter 
power based on said detected alterations. 

19. The power control system as in ciaim 18, 
wherein said changing means chang~s said mobile 
transmitter power as a function of a ratio of a 
strength value of a signal intended for said mobile 
to a mean of strength values of signals intended for 
other of said mobiles. 

20. The power control system as in claim 18, 
wherein said-detecting means includes means for 
ranki~q from greatest to least signal strength 
values of all signals transmitted to said mobiles 
and wherein said changing means increases said 
mobile transmitter power ir its relative ranking 
increases and decreases said mobile transmitter 
power if its relative ranking decreases. 

21. A system according to claim 18, said 
changing means including: 

means for storing in table form a non-
1 inear power distribution function, and 

me~ns for determining said changed mobile 
transmitter power based on said non-linear function. 

22. A system according to claim 21, wherein 
said base station includes means for modifying said 
storing means in each mobile to adapt said non-
1 inear function. 

--- - -·---·--·--~-- ------
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23. The power control system according to 
claim 16, wherein each mobile includes: 

a receiver; 
means for detecting periods of silence in 

communications· from said bas·e. station to any mobile: 
and 

means for deactivating said processing by said 

receiver of any signal detected to be silent. 

24. The power control system according to 
claim 16, ful=tber comprising: 

means for achieving approximately the same 
signal-to-interference ratios at said base station 
for all of said mobiles, and 

means for regulating the power of signal 
transmissions from said base station to achieve 
appro~imately the same signal-to-interference ratios 
at each mobile from said base station. 

25. A power control system having at least 
one base station for controlling a plurality of 
mobiles,_comprising: 

means for regulating the power levels of signal 
transmissiol'.ls.trom said base station to achieve 
approximately-the same signal-to-interference ratios 
at each mobile.from said base station, and 

means re~ponsive to the power levels of signal 
transmissions from said base station for adjusting 
the power level of signals transmitted from said 
mobiles to said base station to achieve 
approximately the same signal-to-interference ratios 

at said base station for all of said mob°iles. 

26. The. power control system according to 

claim 25, wherein each mobile includes: 

Mllllll llllll lllll lllll ll lllV · 
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a receiver; · 

means for detecting periods of sil~nce in 

communications from said base station to any mobile; 

and 
means fqr deactivating processing by said 

mobile receiver of any signal detected to be silent. 

27. A· system as described in claim 25, each 

mobile further comprising: 
means for ranking, in order of' relative 

signal strength from greatest to weakest signal 

strength, signals transmitted from said base station 

intended for each mobile, wherein said adjusting 

means adj~sts the power level of signal 

transmissions from each mobile based ,on said 

relative signal strength ranking. 

28. A -system according to claim 27, each 

mobile turther comprising: 
·transmission means for transmitting a 

mobile signal,. from said mobile, wherein said 

adjusting-means, connected to said ranking means, 

gradually :adjusts power of each mobile's transmitter 

based on said re,lative ranking. 

29. :A system according to -claim 27, wherein 

said adjusting means increases the power level of 

siqnal transmissions from mobiles tha,t _determine its 

re$pecti ve s:ignal strength received frc>m the base 

station te>·have increased, and decreases power 

settings of _signal transmissions from mobiles that 

determine its respective signal_strength received 

from said l;>ase station to have decreased. 

------·- ·-·-- ·--- ---·--- ·--------- ·--· ··--·· -----
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30. A system as in claim 27, wherein said 

ranking means includes: 

m~ans for sorting said sicgnal strength 

values in an order from greatest to lowest, and 

me·ans for selecting mobile tra:ns:Qiission 

power levels•· from a predetermined look-U:p table 

sto:red in a;·memory based on the position of a 

mobile's signal strength value in said sorted order. 

31. A system as described in claim 25, further 

comprising: 
means for computing a power level for each 

mobile as a.function of a ratio of each mobile's 

signal strength value to a mean of said other · 

mobile's signal strength values. 

32. A system as described in claim 25,.wherein 

each mobile ·includes: 

m~ans for storing in table form a non­

linear power. distribution function, and 

m~ans for determining the adjusted mobile 

transmitter·power based on said non-linear function. 

33. A system as described in claim 32, wherein 

said base sta~ion includes means for modifying said 

storing means in each mobile to adapt said non­

linear func'.tion. 

- ---- ------- -- - --- -- ·- ---- --. -- ---·-----
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