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FIELD OF THE INVENTION
The invention described here relates to radio
communications systems, and in partiéular, to duplex
power control systems for cellular radio telephone
systems. .

BACKGROUND OF THE INVENTION

A cellular radio telephone Sjétéh divides a
geographical area up into cells Whé:é neighboring
cells are generally allocated different operating
frequencies so as to avoid interference.. Because of -
the relatively low power communication transmissions
with a particular cell, another cell spaced two or
more cells away may typically re-use the same
freéuencies. The further apart cells re-using
similar frequencies are located, the lower the
interference level between them. The frequency
re-dse/cell pattern is important in détermining the
desired 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
desfred C/I ratio increases, the number of

ufrequencies 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 in each cell
is 420/21 = 20. Consequently, one way of increasing
capacity is to use a transmission technique that
operates at a reduced c/I.

Current cellular telephone systems préfer
digitized voice transmission, as EOmbared to the
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transmission of analog voice waveforms, because

digitized transmission tolerates more interference.
Thus, digitized voice transmission allows for a
smaller frequency re-use pattern with a consequent
increase in system capacity. When digital
transmission techniques are used, error correction
coding is often employed to increase interference
tolérance. Unfortunately, error correction coding
effectively widens the transmitted signal frequency
bandwidth, reducing the number of available
frequency channels. Extra interference tolerance
permitting increased re-use of frequencies must be
balanced with a reduction in the number of
fregquencies 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 great that interference levels
equal to or in excess of the power level of the
desired signal can be tolerated. In that situation,
overlap between signalé is permissible, and the
system is known as a Code Division Multiple Access
(CDMA) system.

In CDMA systems with many overlapping,
interfering signals, a factor of two increase in
system capacity may be'dchieved by temporarily
turning off subscriber'ﬁransmitters during the
moments of silence during a two-party conversation.
It has been well documented that 50% or. more of the
time during a call connectlon between two
subscribers is actually 511ence. Consequently, the
number of conversatlons:may be doubled before
intgrference'becomes pf&blématic; A Discontinuous
Transmission (DTX) takes advantage of this feature
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systems, such as the Time Division Multiple Access
(TDMA), Pan-European D1g1tal Cellular System known
as GSM. DTX effectlvely reduces the prevalllng
1nterference of all the 51gnals with respect to each
signal.

 Another technique for reducing interference

.between signals in neighboring cells on the same

freéuency is to configure the transmission power
distribution of a cell over all of the mobiles
within a cell accordingcto”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_mohile on the cell edge
should be the greatest. In other mobile locations
further from’the cell edge and closer to the base -
station, the power levelishould follow a fourth
power radius ‘law based on the distance or radius of
the: mobile from the cell center where typically the
base station is located, In the uplink direction
from mobile'to'base station, the mobile's
transmission,power should also be set according to a
fourth poweriradius law, in order to equalize the-
51gnal strengths received at the base station and to
prevent those moblles closest to the base statlon
from using unnecessary power levels that would cause
substant1a1 1nterference. |

; Unfortunately, there 1s no direct technlque for
elther the base statlon or the mobile to determine
the distance between themselves. Consequently, the
radlus necessary to construct a fourth power law is
unknown Thls problem : 1s overcome in conventional
systems u51ng a technlqu;:known as Dynamlc Power
COntrol in whlch a command ‘is transmitted -from the
base station to the mobile to reduce its power if
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the signal strength received by the base station

- from that mobile is unnecessarily high. Siﬁilarly;
the mobile sends a message to the base statioh

. including a measurement of the signal strength

received from the base station. Thé base station

uses that measurement to regulate its transmitted

- power to that mobile. The Dynamic Power Control

: tecﬁnique has the disad%antage that it is slow to

'f'react because of the cumbersome, bi-directional

| " messages needed between the base station and the

" mobile. The bi-directiénal-signalling also reduces

the capacity or quality of the traffic channel.

o It would be desirable to have a cellular power

-ff control system that has'increased system capaéity 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 baée

: 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

'f'regulates the power transmitted by the base station
__'f to its associated mobiles and the:power transmitted
" by those mobiles to the base station. The base

:: station monitors each mobile transmltter s power by
w-measurlng ‘the signal strength of 51gnals recelved

- from each mobile. If a moblle s power level has

' increased or decreased, the base station adjusts
5;,that fraction of its total 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 51gna1 strength of
that portion of the total base statlon 51gna1

specifically intended for that mobile, ang_compares

that signal strength value to eitper the total base
station signal power or in a relative maﬁner to a
cumulative ranking of base station signal strengths
intended for other mobiles. 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 sigpals .
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 signals
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 requiring exchange of power

‘control data messages between the mobiles and base

station, and it also compensates for multipath
fading affects not accoﬁnted for in the prior art
systenms. '

BRIEF DESCRIPTION OF THE DRAWINGS
These and other features and advantages of the
invention will be readily apparent to one of



10

15

20

25

30

' This Sheet Has Been Rei

Hll lﬂ !IIIH !ﬂl Il

ordinary skill in the art from the following written
description, read in conjunction with the drawings,

-6

in which: .

Figure 1 is a functional block diagram of a
base station according to the present invention:

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

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 siﬁulation 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 stations and a multiplicity of
mobiles where the powerllevels 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 100 is
equipped with transmitters (16a, 16b, 16c...) for
transmitting different data signals to a plurality
of mobile stations via éltransmitter amplifier 17
and an antenna 18. The relative power level of each
transmitted signal is determined by a power control
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unit 14. As w111 be described in more deta11 below,
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the power control unit 14 determines an sets the

power levels for signal transmissions: apportloned to

each moblle based on the relative power evels
measured by the recelvers 11, 12a, 12b 12c... of

the 51gnals recelved from each respectlve moblle
station v1a an antenna 10. The sum of. all of the
s1gnals transmltted by the base station 100 comblne
to . deflne a comp051te 'signal. '

Accordlng to Flgure 2, a mobile statlon 200 is
equlpped w1th a recelver 22 which operates in a
conventlonal manner to fllter, amplify and
demodulate a 51gna1 from antenna 20. A first
decoder 24 . 1s prov1ded for selectively receiving and
decodlng 1ts 1ntended signal transmitted from the |
base statlon 100 ‘and measurlng its signal strength.
;demodulated in the first decoder 24 are

generated as output data signals for subsequent use.
Other 51gnals transmltted from the base station 100
intended for other mobiles within its cell are
received and decoded in a second decoder 26 where

their res ”ctlve signal strengths are measured. A

signal st ’ngth calculator 28 receives the 51gna1
strength Tne surements from both of the first and
4 and 26 and calculates a

second decoders:i

transmlss1on:power for the mobile 200 to use in
transmlsslgns to the base station 100. The data
input signais'to be transmitted from the mobile 200
to the base statlon 100 are received 1n a modulator
34. A transmltter 32 recelves the modulated signal.
Based on the transm1551on power calculated by the
signal strength calculator 28, a power level
controller . 30 varies the power of the transmltter 32
to transmlt a moblle output signal.
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'~ present invention will now be described. If the

i power control unit 14 of the base station 100

' determines that a partlcular mobile's 51gnal
'fgstrength is greater (or weaker) than signal

~ strengths received from'the other mobiles) the base -
sr_statlon 100 power control unit 14 reduces thé power
fof a corresponding transmltter, e.g., transmitter

ﬁe?16a. That power reduction is implemented not as an
{5finstantaneous change but rather as a gradual'change
'V_from the present power value towards the new target
' .value over a period of time, e.g., 20 msec.
o After the mobile 200 measures the received
fff51gnal strength in the flrst decoder 24, the signal
jf,strength calculator 28 determines that the strength
'fl?of the signal from the base station 100 to the
_mobile 200 has been reduced relative to the signal
:iTStrength previously received - The actual power
" 'reduction is determined either by computlng the
1ﬁeratlo of the signal strength value received by the
"~ mobile decoder 24 to the mean of the total signal
;Jpower transmitted to all of the mobiles in the cell,
fffor by determining the position of the signal
i""""-rece:Lved by the mobile 200 in a relative signal
__'istrength ranking with signals for other mobiles
" within the cell.
;o For example, if the mobile's 200 received

signal strength had preﬁiously been ranked fifth in

a signal strength order of all the cell mobiles and
;1s now determined to be sixth, it is clear that the
_"_apportloned signal power from the base statlon to
:ifthat mobile 200 has been-reduced. Thus, the mobile
- power level controller 30 changes the target power
- level for the mobile transmltter 32 from a power
'i%value P5 to a lower power target value P6. These
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power values P1, P2, P3..... may be stored in a
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memory in a predetermined table format. The_power
level controller 30 then'decreasés the actuai”valﬁe-
of the transmitted mobile power over a pfedéiermined
time period from P5 towards P6. If at tné~end ofn
that time period, the transmitted mobilefpéwer has
only reached;some_intermediate value Pi ana new '
sighal strength measurements result in a new target
value Pn, then the power level is gradually changed

~ from the current value Pi towards the taréét value

Pn.
Alternatively, if actual signal strength rather
than relative signal strength order is used to

determine power level changes, the mobile power

level controller calculates a ratio r=So/Sm, where
So denctes the signal strength of that portion of'
the base station signal intended for a specific
mobile 200 and Sm denotes the mean signal strength
value of thé%base station signals intended for other
mobiles. Frdm this ratio a new target power level
is selected according to a non-linear function P(r)
which depends on the ratio r. The exact nature of
the non-lineér function P(r) depends on the '
particular communications scenario such as the
number of mbbile”stations supportéd by each cell,
the type of¥modulat10n, the frequency re-use

pattern, thé distribution of mobiles in the cell,
the phy51ca1 geography within the cell, the desired
c/1 ratlo, etc., and may be spec1f1ed by a
predetermined look-up table.

Thus, the control_loep essentiallj includes the
base station detécting'power 1eVei changes from
individual moblles in 1ts cell as those mobiles move
further or closer, behlnd buildings, etc., and
adjusting thg power level of the base station
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the affect of those power level changes. Once a
mobile&detects that change in base station
transmission power level allocated to that mobile,
it modifies its transmission power level to match
the detected change. No bidirectional messeges or
signalling between the base station and mobiles is
required. '

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 thaﬁfdisclosed in U.S. Patent No. 5,151,919,
issued September 29, 1992, assigned to the present
assignee. The subject matter of which is expressly
lncorporated by reference.

A mobile station 200 for implementing this
preferred embodiment is illustrated in Figure 3. A
duplexer 52 allows both a receiving amplifier 54 and
a tranShitEer 70 to be connected to an antenna 50
s1mu1taneously. The amplifier 54 amplifies a
recelved composite signal which 1nc1udes signals
from the base station to all of the mobile stations
wiﬁhineits_qell as well as interference. A filter
56 filﬁérs‘the amplifier output signal to remove
extrane§usin0ise, The filter 56 output signal,
consisﬁing~6f a coded block of superimposed CDMA
signals from the corresponding base station 100, is
divided into its real and imaginary (quadrature or
I,Q) components and digitized in a’ dual-channel
A-to-D. convertor 58.

A CDMA signal processor 60 and a signal
strength tracker and sorter 62 form a CDMA
demodulstor'63. The CDMA processor 60 demodulates
the strongest signal from the composite signal and
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 subtracts the demodulated signal frow the composite
‘received signal in an iterative deﬁodulation'process

until all of the coded, mobile 51gnals from the base

. station 100 are demodulated. The 51gnal 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 relatlve 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 strength order of that
portion of the base station 51gnal intended for a
particular mobile is assigned a relative power level
value 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 strength order. A
higher relative signal strength would correspond,
for example, to a greater power level value and vice
versa.

Each power level in the relatlve power level
order is associated with a partlcular mobile and
each mobile's power level is sent. to its respective
power controller 66. If the power level associated

with that particular mobile has changed since the
last iteration, the power controller 66 regulates

that mobile transmitter's 70 outpu 'ower towards
the new power jevel value. The po er controller 66
imposes a time constant on the change from the
present power to the newly determlned power level so
that the base station 100 does not experlence sudden

step changes 1n the received power level from that
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ramp the power level from the present value to the
desired value at a limited rate so that it does not
change more than 0.10 decibels between successive
code blocks. If a code block has a typiééi duration
of 0.50 msec, the rate of power change may be 200dB
per second. This rate is sﬁfficiently ni§h3t9
partially minimize the effects of signal fadiﬁg.

In an alternative embodiment, rather than using
a mobile's position in signal strength order to
select the transmitter power in discrete steps, the
ratio "r" of the power of that portion of the base
station signal So intended for one mobile divided by
the total power of all the mobile signals within the
cell Sm is used as a continuous power control
variable. This continuous variable is transformed

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

new, desired valie of the mobile transmitter power.
The non-linear function P(r) may be implemented by
numerically approximating the continuous variable
“r* to a certain 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 1024 ‘values stored in
the lookup féble.' Of course, if "r" was truly
continuocus, a lookup table would be infinitely
large. ' _ -

It is beyond the scope 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. Hoﬁever, 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 hr? may be
expressed either as a power ratio, a voifage ratio,
or: in dB's, i.e., on a logarithmic scale. A
simulation of a non-linear function P(r) for
achieving an optimum relationship between uplink and
downlink relative power is illustrated graphically
in Fig. 5. The cell is assumed to contain 24 active
mobiles numbered 1-~24 élong the horizontal axis in |
increasing distance from the base station. X=24
corresponds to the mobile farthest from the base
station; X=1 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 pdwer of the
distances from each mobile to its base station, the
propagation law which dictates the power levels
required for the downlink direction to provide equal
signal quality at each mobile must account for
neighboring cell interference. It is the qifferénce
between the uplink and downlink propagation laws
caused by neighboring cell interference that -
requires a non-linear function to translate relative
signal strength for downiink.transmissions to
required transmitter power on uplink transmissions.

The graph in Fig. 5 illustrates the non-linear
correspondence between distribution of base station
power to mobiles on the downlink and mobile
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transmitter power required uplink to the base
station. The curve labelled Power Share showé_for'
the particular system simulated the proportion of
the total base station transmitter power e?ch mobile
should receive (in dB below total transmitted baSe
station power) to achieve equality in signal quallty
at_each,mob;le. Consequently, mobile 1 recelves
-42dB of the total power while mobile 24 receives
-8dB, a difference of 34dB. ©On the other hand,
mobile 24 is J2% further times away than mobile 1,
assuming a uniform area distribution of mobilés, and
based on the fourth power radius law referenced
above, the mobile 24 needs to transmit (24)? times
as muchfpowér as mobile 1 which is equivalent to
28dB. Likeﬁise 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 adjusts its transmitter power in response to
changes of éignal strength intended for that mobile
received from the base station according to the non-
linear function P(r).

Another'objective-of the present invention in
adjusting mébile transmitter power is to achieve
equal siQnaifto—interference ratios (C/XI) at the
base statioh}for all the mobiles simultaneously with
equal signal-to-interferénce ratios (C/I) at all of
the mobiles#ﬁith respect to signals from the base
station. A ‘problem affecting achievement of that
objectlve lS that the 1nstantaneous signal strengths
of all moblles varies because of multipath or
Rayleigh fading on their respective, uncorrelated
signal paths. In systems using subtractive CDMA
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 echces from
reflections from mountains, buildings, etc.) should
be removed subsequently. Accordingly, in the
subtractive CDMA embodiment of the present
invéntion, 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 fﬁncticn
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 table 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
might be an overall scaling factor in the simplest
case, it might also involve the selective
modifibation of certain elements or a complete
rewriting of the entire table. 1In 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 1nventlon, normally only the mobile
transmitter associated with 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
present invention between the mobile and the base
station is broken. Of course, it is possib1e~for a
mobile to formulate its transmitter power based on
past signal strength measurements from prev1ous
transmissions from the base station, but those-
measurements may be too old to be of use and no
combeneation for Rayleigh or log normal fading is
obtalned.

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 the
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 siience (no
speeeh). An orthogonal block encoder 82 encodes
groups of bits, typically seven bits, of the coded
block into code words, typically 128 bits long. A
scrambler 84 using a unique code for each mobile
insures that code word sequences differ for each
mobile.

Of forty-two code words transmitted per
20 msec, forty code words typically represent one
speech block. The code words in each block are
staggered by a code word generator 86 one code word
apart in order to dietinguish between the signals
destined for different mobiles. The benefit of
staggering 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.

tivity t

words are avoided.

Also, peaks in

o demodulate and decode the code

At times when there is no speech to transmit

because of a 511ent;perlod, only two (or s

number) code words in a predetermi

base statio

n or mob

. within the 40-word biock are transmitted.

ned position
‘When the
11e receiver detects these

ome small

initial code words 1nd1cat1ng a silence block, the
In this
way, considerable 51gna1 processing resources are

receiver ignores the.rest of the block.

conserved.
transm1551o

In addltlon, this staggered code word

n technlque provides the mobile and base

station receiver w1th at least one sample of signal

strength for each 51gnal every 2Omsec,

thus enabling

the power control loop of the present invention to

remain in continuous operatlon.

The 1nvent10n has been described in terms of

specific embodiments to facilitate understanding.

The above embodlments, however, are illustrative

rather than 11m1tat1ve, 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 departlng from the essential spirit

and scope of the 1qventlon. Therefore,

invention s

the

hould nét be regarded as limited to the

above examples, but should be regarded instead as

claims.

\\\\\\\\\\\\\\\\\\\\\

|

Been Re{laced o

.belng fully commensurate in scope with the fol

lowing
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WHAT IS CLATIMED IS:

1. A power regulation system, comppising:
a plurality of mobiles for communicating with
at least one base station, each mobile including'
moblle receiving means for. rece1v1ng a
composite 51gna1 formed from signals transmltted
from said base station to all of said plurality of
mobiles, each transmitted signal intended for one of
said mobiles, and for determining corresponding
 signal strength values for each received signal in
said composite signal and,
means, connected to said mobile receiving
means, for computing from said signal strength
values a desired mobile transmitter power 1evei, and
said base station including:
base station receiving means for réceiving
signals tran;mitted from said plurality of mobiles
and for measuring their corresponding sighal
strength values, and
means for modifyiﬁg power levels of signal
transmissiéns to said mobiles based on said measured
signal stréngth values so that each of said mobile
receiving-méans receives its intended signal with
snhstantialiy equal signal quality and said base
station re¢éiving'means receives said mobile
fransmitteé;sigﬁals with substantially equal signal
quality. '

HIIllI\ lllll\ III\l |\||I |l \III
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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 values
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
based 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 strength value
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: |
meéns for detecting changes'in power
levels of transmitted signals intended for said
mobile based on changes in said ratio;
means for increasing said mobile's
transmitted signal power level when said ratio
increases; and |

TS
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means for decreasing said mobile's
transmitted signal power level when said ratio
decreases.

6. A system according to claim 1, wherein
said computing means includes:
meens for storing in table form a non-
linear power distribution function, and
means for determining said power level

based on said non-linear power distribution

function.

7. A system according to claim 6, wherein
said base station includes:
means for altering said storing means in
each mobile to adapt said non-linear function.

8. A system according to claim 1, each mobile
further comprlslng.
' transm1551on means for transmitting a
moblle 51gna1 from Sald mobile, and
means, connected to said computing means,
for graduaiiy altering power of said transmission
means based .on said computed desired mobile
transmitter power level.

9. A:system according to claim 1, wherein
said modifying means increases power levels of
signal transmissions to mobiles haviné relatively
lesser measdred signal strength values. and decreases
power levels to mobiles having relatlvely greater
measured 51gna1 strength values.

A



10

15

20

25

‘30

This Sheet Has Been RTlaced

HIIII |I|I|l IIII Il

10. A system as in claim 1, wheréin.éaid

-21-

computing means includes: _

means for sorting said determined signal
strength values in an order from greatest to lowest
signal strength value, and

means for selecting said desired mobile
transmitter powef level from a predetermined’look—up
table stored.in a memory based on the. position of
said mobile's determlned signal strength wvalue in
said sorted order.

~11. A system as in claim 1, wherein said
mobile and base station receiving means each include
a Code Division Multiple Access receiver.

12. A system as described in claim 1,'wherein
said signal strength determining means is a code
division multiple access demodulator (CDMA)
inCIuéing:

subtractive CDMA demodulation means for
demodulating said composite 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 greafest to
weakest signal strength; and

wherein said CDMA demodulation means
demodulates and subtracts said demodulated signals
from said composite signal in said order.

13. The:systém according to claimhig; wherein
said ranking means includes a memory for storing
said demodulated signal strengths in table format.
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14. The system according to claim 12, each
mobile further comprising:
CDMA signal generating means, connected to
said-computiﬁg_means, for generating coded bloecks of

CDMA data signals and for staggering in time
transmission of said coded blocks.

15. Tﬁg-power control system according to
‘claim 1, wherein each mobile includes:
meéns for detecting periods of silence in
communicati@ﬁs-from said base station to any mobile,
and |
mgahs for deactivating demodulation of a
 signal detected to be silent.

16. A’pbwer control system, comprising:
at 1eaS£-one base station for controlling a
plurality dfqmobiles each having a transmitter, said
base statioﬂ*héving means for altering the
proportion of total base transmitter power
transmltted to each moblle to regulate each mobile's
‘ transmltteripcwer.

17. The power control system according to
claim 16, wﬁérein said altering means includes means
for equaliZiﬁ&eﬁbbile transmitter power levels
received at said base station from each of said
mobiles. |

i8. Thé;power control system according to
claim 16, eg@hjm?bile further comprising:

méépsffor detecting alterations in the

proportionééfitbtal base station transmitter power
transmitted to said mobile, and
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means for changing said mobile transmitter

power based on said detected alteratiomns.

19. The power control system as in claim 18,
wherein said changing means changgs said mobile
transmitter power as a function of a ratio of a

- strength value of a signal intended fbr_said mobile

to a mean of strength values of signals intended for
other of said mobiles.

20. The power contrdl system as in claim 18,
wherein said detecting means includes means for
ranking from greatest to least signal strength
values of all signals transmitted to said mobiles
and wherein said changing means increases said
mobile transmitter power if 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-
linear power distribution function, and
' means 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-
linear 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 base.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, further 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
approximately 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
transmissions from said base station to achieve
approximately the same signal-to-interference ratios
at each mobile from said base station, and

means responsive 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 mobiles.

26. The power control system according to
claim 25, wherein each mobile includes:

llII|I|I Illlll | IIIII || IIII



10 -

15

20

25 -

30

heet Has Been Re‘laced

\\Il\l\\ T

-5

a receiver; N

means for detecting periods of silgnce in
communications from said base station té.any mobile;
and - : '

means for deactivating processing by said
mobile receiver of any signal detected fb'be'silent.

27. A system és 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 adjusts 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 further comprising:
;transmission means for transmitting a

- mobile sidha; from said mobile, wherein said

adjusting means, connected to said ranking means,
gradually adjusts power of each mobile's transmitter
based on said relative ranking.

29. A system according to claim 27, wherein
said adjustihg means increases the power level of
signal transmissions from mobiles that;deﬁermine its
respective signal strength received from the base
station to have increased, and decreases power
settings of signal transmissions from mobiles that
determine its'respective signalgstrengﬁﬁ received
from said base station to have decreased.
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30. A system as in claim 27, wherein said

ranking means includes:

means for sorting said 51gna1 strength
values in an order from greatest to lowest and

means for selecting mobile transm1s51on
power levels from a predetermined look-np table
stored in afmémOry based on the position of a
mobile's siQhal strength value in said sbrted order.

31. A system as described in claim 25, further

- comprising:

means for computing a power level for each
mobile as ajfnnction of a ratio of each mobile's
signal stréﬁgth value to a mean of said other
mobile's sighal strength values.

32. A system as described in claim 25, wherein
each mobile includes:
méans for storing in table form a non-
linear power distribution function, and
m@ghs for determining the adjusted mobile
transmitter?pbwer based on said non—linéar function.

33. A;sjstem as described in claim 32, wherein
said base siaﬁibn includes means for modifying said
storing meahs in each mobile to adapt said non-
linear function.
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