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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
frequencies. 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

sxg ans for cellul ar

, _allocated di r-éf 8ﬁ¥ ODGTdtIn freqUénC|es"“~
2CBacdusE b e - et-ativel-y-lj o ect Has Been Repla

es— [



with a particular cell, another cell spaced two or nore cells away nmay
typically re-use the sane frequencies. The further apart cells..re-using- - -—-
simlar frequencies are |located, the lower the interference |evel betwe

n
them The frequency re-use/cell pattern is inportant in defl® eplaced
desired signal-to-interference ratio (C/1) in a cell. As the _ “f u"

of different frequencies required to construct a cell pattern
desired C/I ratio increases, the nunber Eﬁ'frequen0|es avai l abl e for use
within a cell decreases. For exanple, if a total of 420

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
5 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

10 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.

15 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

20 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.

25 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.

30 , It has been well documented that 50% or. more of the
time during a call conneéction between two
subscribers is actualljésilehce. Consequently, the
number of conversationsfﬁéy be doubled before
intgrference'becomes pf&blématic; A Discontinuous

35 Transmission (DTX) takes advantage of this feature



frequencies are available and a 21-cell pattern is required-before —-.._.

-rfrequency re-use iv's permtted, the nunber of frequenC|es1£Q§ﬂmﬁfn be used

~each” cetl i's 420/21 = 20. Consequently, one way of incr
.0 -use<a tsansnission techni que that operates at a red

Jul‘ar.-tel ephone systens prefer. digitized voice transm BW?&

conpared to the  -2- transm ssion of apalog voice maveforns because

and is employed in conventional cellular access
systems, such as the Time Division Multiple Access
(TDMA), Pan-European D1g1ta1 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 accordingeto'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

should be the greatest. In other mobile locations
further from’the cell edge and closer to the base -
station, the nower 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. |

i 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




digitfzed transmission tolerates nore interference. Thus, .digitized voice
2.transnlsS|on allows for a snaller frequency re-use pattern mnth a
' “‘increase in systemcapacity. Wen digital trans Has Been Re laced

"dues aré used, error correction coding is often enplo ’H
interference tolerance Unfortunately, error correction cod
‘wi'dens the transnitted signal frequency-handw dth, reducing the nu :
favallable -frequency channels. Extra interference tol erance pern1tt|ng i

i ncreased re-use of frequencies nust be balanced with a reduction in the
:nunber of fregtbacségnalastzkhgth received by the base station

. from that mobile is unnecessarlly hlgh. Slmllarly,

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 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
| '?f 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
r-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




The relationship between system capacity versus the amount of error. coding
is not nonotonic and i ncludes several maxina and m nima as the anount of

error coding increases, At one extreme, the anount of .effigshestk epla
great that interference levels equal to or in excess of I of '
the desired signal can be tolerated. In that situation, : '

signals is permssible, and the systemig-known as a Code Division Miultiple
Access (CDKA) system In CDVA systenms with nmany overl apping, interfering
signals, a factor of two increase in systemcapacity may be achi eved by
tenporarily 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.

5 Each mobile measures the signal strength of
that portion of the total base stétion signal
specifically intended for that mobile, aﬂg_COmpares
that signal strength value to eitper the total base

_ station signal power or in a rela?ive maﬁnér to a

10 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

15 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 paﬁh because all of the signals
fade more or less equally. As a result, fading in

20 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

25 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

30 fading affeéts not accoﬁnted for in the prior art

systems. ' l

BRIEF DESCRIBT]__.‘_ZION OF THE DRAWINGS
These and other features and advantages of the
invention will be readily apparent to one of



turni'ng off subscriber transmtters during the nonents of silence durlng a
two-party conversation. |t has been well docunented that, 50% or hbré& 6f the"
time during a call connection between two subscribers is &bk Q] Has Bedn®BSISed

Consequent |l y,» t he nunber of conversations may be doubl ed b

I nterference beconmes problematic. A Discontinuous Transn1 !‘
advantage of this feature -3- and is enployed in conventlona

access —6-

ordinary skill in the art from the following written
description, read in conjunction with the drawings,
in which: | .
Figure 1 is a functional block diagram of a
5 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
10 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-
15 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
20 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
25 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
30 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



eysteﬁs such as the Time Division Miltiple Access (TDNA) Pan- Eur opean
. Digital Cellular System known as GSM DTX effectively reduces the
- prevailing.interference of all the signals w th respecThi Shea@aéB&h 8

ced
“Anot.her. technique for reducing interference between S|g r|ng
;;cells on.the same frequency is to configure the transm n E
dirstribution of a cell over all of the nobiles within a ce
each nobi:l'e' s distance from-its respecti vé—cell edge. The power transn1t1ed
- -downl i.nk-from a base statlon in the center of the ceII to a nobi | e on the
f-ceII edge

unit 14. As w111 be described in more deta11 below,
the power control unit 14 determines an_ sets the

power levels for signal transmissions: apportloned to

each moblle based on the relative power evels

5 - measured by the receivers 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

T to define a comp051te signal.

"fﬁld ”: ) 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 51gnal from antenna 20. A first

- decoder 24 . 1s prov1ded for selectively receiving and
'{;15 o decodlng 1ts 1ntended signal transmitted from the |
s ' base statlon 100 ‘and measurlng its signal strength.

Data s1gnals_demodulated in the first decoder 24 are

generated as output data signals for subsequent use.
: Other 51gnals transmltted from the base station 100
*;20 o intended for other mobiles within its cell are

| | received_and.decoded in a second decoder 26 where

S tlve signal strengths are measured. A
signal strength calculator 28 receives the 51gnal
strength me surements from both of the first and

g_zs o second decoders 24 and 26 and calculates a

transmlss1on:power for the mobile 200 to use in
transmlsslgns to the base station 100. The data
input siqnais'to be transmitted from the mobile 200

_ to the base statlon 100 are received 1n a modulator

730 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.




- should be the greatest. In other nobile |ocations further—fromthe eelt—..
- edge and cleSer to the base station, the power |evel Sshoypls @hdePiids @& S QUL th
_powver radlus l'aw based on the distance or radius of the

cel I center “wher e typically the base station is |ocated.

~direction fron1nDb|Ie to base station, the nobile's trans
“shoul d al so be set according to a fourthapomer radius law, in order to
equal i ze the signal strengths received at the base station and to prevent
t hose nobiles closest to the base station from using unnecessary power
Ievels t hat mould c dhse opgratdon f itheeciomterwde 1oop of the '

present invention will now be described. If the

i power control unit 14 of the base station 100
;-determines'that a particular mobile's signall
5; ff;strength is greater (or'weaker) than signal
'_ strengths received from'the other mobiles) the base -
sr_statlen 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
:10} _iiflnstantaneous change but rather as a gradual change
' "V_from the present power value towards the new target
:i-value over a period of tlme, e.g., 20 msec.
L After the mobile 200 measures the received
f;f51gnal strength in the flrst decoder 24, the signal
_155 jf_strength calculator 28 determines that the strength
s 'fltof the signal from the base station 100 to the
_mobile 200 has been reduced relative to the signal
:i?Strength previously received.' The actual power
.  reduction is determined either by computing the
20 . 1§eratio 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

25 3 _ fistrength 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
30 ;s 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 transmitter 32 from a power

35 f : fihvalue PS5 to a lower power target value P6. These




Unforfunately, there is no direct technique for either the base statien Or ...

- the nobile to determ ne the distance between thensel ves. ﬁg{@gm )ﬁ the

- radi us - necessary to construct a fourth power law is unkno
' is. overcone in conventional systens using a technique kho&ﬁu
;-Pomer Control in which a command is transnmitted fromthe b
“ the nobile to reduce its pomer | f -4-=g-he signal strength received by
: the base statlon
power values P1, P2, P3..... may be stored in a
memory in a predetermined table format. The_power
level controller 30 then'decreasés the actuai”valﬁe-
o of the transmitted mobile power over a pfedéiermined
5 .;3 time period from P5 towards P6. If at tne~end ofn
that time period, the transmitted mobilefpewer 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
410 S f-, from the current value Pi towards the taréet value
| Pn. '
Alternatively, if actual eignal strength rather
than relative signal strength order is used to
_ determine power level changes, the mobile power
15 . level controller calculates a ratio r=So/Sm, where
' So denotes 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 theEbase station signals intended for other
.20 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-lineer function P(r) depends on the '
_ - particular communications scenario such as the
25 number of mbbile”étations supportéd by each cell,
' “ the type of:modulatlon, the frequency re-use

pattern, thé distribution of mobiles in the cell,
the phy51ca1 geography within the cell, the desired
b : . C/I ratio, etc., and may be spec1f1ed by a
30 s predetermined look-up table.

B Thus, the control_loep essentiallj includes the
base station detecting'power 1eVei changes from
individual moblles in 1ts cell as those mobiles move

- further or closer, behlnd buildings, etc., and

35 fﬁ ;?' adjusting the power level of the base station




f.rom that nobile is unnecessarily high. Sinmilarly, the nobile sends—a-
. message to the base station including a neasurenent of Tﬂ@mﬁ&@ﬂ@éméké

;p{ecelved fromthe base station. The base station uses th
“regul ateiits transnmitted power to that nobile. The Dynamlg!ﬁw,m
atechnlque has the di sadvantage that it is slowto react

cunbersome, bi-directional nmessages needgg.between the base station and the
| nobi | e.” . The bi-directional signalling also reduces the capacity or quality
.of the }rafflc channel. It would be desirable to have a cellul ar power

- control. syst eMrhaismiaf N GisRAEXhSAS WIBIC AR tmobile to minimize
. the affect of those power level changes. Once a

mobile&detects that change in base station
: transmission power level allocated to that mobile,
5 _fﬁf it modifies its transmission power level to match
' the detected change. No bidirectional messeges or
signalling between the base station and mobiles is
required. '
L . A preferred embodiment of the present invention
'fﬁibf'f{* 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
© 15 “d$ 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
20 '1”- 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
25 56 filﬁérs‘the amplifier output signal to remove
J . 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
30 : 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




ternms: of frequency reuse but that mni
m zes the effects of any incre
|nterference_ Moreover, it would be desirable to achieve" thesg goafsazsd

regul ating-efficiently and accurately the power tr dhisfheties Besh@®aplide base

station:to. a“gobile and the power transmitted from its base
m’;uﬁlgu bet ween
n € present

 station W thout the need for bidirecti
- onal power co
the base station and the nobiles. SUMWM@&LE THE | NV
| oop regul ates the power transm ’
base statlon to its associated nobiles and the Bomer transnlitgg by the

i nvention,. a single control
 subtracts the demodulated signal from the composite

‘received signal in an iterative demodulatlon process
until all of the coded, mobile 51gnals from the base
L . station 100 are demcdulated. The 51gnal strength
5 :fﬁ ' 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
10 -~ . 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
15 _ - 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
20 g - 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
25 l. 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

30 | . 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 soO
that the base station 100 does not experlence sudden

.35 L step changes 1n the received power level from that




by those nobiles to the base station. The base station nonitors each nobile

transmtter's power by neasuring the signal strength of-signals.recelved -

fromeach nobile. If a nobile's power |evel has increasqﬁ. r crea eq, he

~ base.station adjusts that fraction of its total transnitiigad mTi

~;apportioned to transm ssions to that nmobile to -5- co e

" ‘poser [‘evel change. In turn, the nDbiIelgetects t hat adj ve
and Ti -12- ;

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

e change more than 0.10 decibels between successive

. 5 ffﬂ 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.
LT In an alternative embodiment, rather than using
iio"*:_  a mobile's position in signal strength order to
o | 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
2515 B 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
fgo s 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,
525 '  “ a corresponding value P(r) is addressed and
o | 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
30 "_ continuous, a lockup 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




i ncreases (or decreases) its transm ssion power in accordance with the =
detected power. Each nobile neasures the signal strengthtﬁsépat portion of
 the total hdse station signal specifically intended for t 8 39en Repkdced

- conpares { hat ssignal strength value to either the total ba i l nal
" power or in a relative manner to a cunul ative ranking of b '

. signal strengths intended for other nobiles. Fromthat conparison, the

" nobi | e i ncreases or decreases its transni33ion power. Each nobile's

- conparison of relative signal strength of received signals fromthe base

: i on h | gnal renpgth ri son [ I o
- station to the Scie%grmfrtlag{]g}x rggun?rqes sgomg e:% g{]n?ufatlpns 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 .

S 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

10 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

15 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

20 determined by the fourth power propagation law

' a 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

25 : 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 -

30 requires a non-linear fuhction to translate relative
signal strength for downlink transmissions to
required transmitter power on uplink transmissions.

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

35 power to mobiles on the downlink and mobile



recei ved by other nobiles fromthe sane base station elim-pates-the affect _
of nmulti-path fading on the base-nobile signal path becaus aII of the
signals fade nore or less equally. As a result, fading int Rclmxd
direction from base station to nobil e does not cause undue rr
how t he nobile determnes its transnitter power. The present

essentially acconplishes dupl ex power g Iation for both uplink and
downl i nk communi cati ons sinultaneously u |ng only one control |oop. This
control loop is nore efficient than the prior art techniques requiring

. exchange of pover, ¢oRi £OLy 48630 FPP49PeR50YPERK £S PR bgSeaNd base
station. The curve labelled Power Share showe_for' |
the particular system simulated the proportion of
the total base station transmitter power eech mobile

s 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,

10 mobile 24 ie J24 further times away than mdbile 1,
assuming a uniform area distribution of mobiles, 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

15 . 28dB. Likewise mobile 10 gets 22dB more base
station power than mobile 1 but should transmlt ZOdB—'
more back to the base statlon, etc. Thus, each
mobile adjusts its transmitter power in response to
changes of eignal strength intended for that mobile

20 received from the base station according to the non-
linear function P(r).

Another'objective-of the present invention in
adjusting mebile transmitter power is to achieve
equal siQnaifto—interference ratios (C/XI) at the

25 base statioh}for all the mobiles simultaneously with
equal signal-to-interferénce ratios (C/I) at all of
the mobilesiﬁith respect to signals from the base
station. A ‘problem affecting achievement of that
objectlve lS that the 1nstantaneous signal strengths

30 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

35 path (low echoes) have the strongest signal



station, and it also conpensates for nultipath fading affects Aot accounted--.
for in the prior art systens. BRI EF DESCRI PTI ON OF THE DRAMﬁmﬁﬁm£m%§%

- other features and advantages of the invention wll be readl '““i'
- one ofﬁ . ‘ordinary skill in the art fromthe following witt
-~ read inaConjunction with the drawings, in which: Figure 1_is

bl ock diagram of a -15-

strengths and therefore should be demodulated and
removed from the composite signal first. Signals
from more distant mobiles being more likely to be
L received with multiple paths (delayed echoes from
5 h;? 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
o -strength above the mean for mobiles likely to have
10 ;fﬁ: - multiple paths and a second target signal strength
' a below the mean for those mobiles less likely to have
multiple paths.
Given the unpredictable nature of the
interference and multipath fading problems described
15 o 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
20 - 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
25 o modifibation 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.
30 S When dlscontlnuous 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
L transmitting. Therefore, during much of a normal
35 .. voice conversation a communications link exists only



base station according to the present invention; Figure 2 s a functienal™

bl ock di agram of a mobile station according to the prese’mxsslmtelaimdamke laced

Figure 3. is’a detailed functional block diagramof a nDbl ‘u lmﬂ
ene

i npl ementing the present invention in a CDVA cellular sys
functional block diagramof a CDVA signal generator for inp e
present -invention; and Figure 5 is a graphic sinulation of a non- I|near
- power control function that may be used‘f —achi eve an optinumrel ationship
. betwee

plink and downlink relative power.
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
o mobile to formulate its transmitter power based on
5 :fj: past signal strength measurements from prev1ous
n transmissions from the base station, but those-
measurements may be too old to be of use and no
combenéation for Rayleigh or log normal fading is
oo obtalned.
10 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
15 _'. 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 siiéncé (no
20  , speeéh). 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
p insures that code word sequences differ for each
25 . 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
30 _ apart in order to diétinguish 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
35 L each mobile and the base station during otherwise




EEE?LLEEWEEEFELFFLEEIggSIZEBngrﬁsgﬁDbENBODINENTS The invention applies to

. \ n base stations and a nmultiplici

mobi | es .wher -t he power |evels tf ' P the bt
ansnmtted by each nobil db

st-at i on ;fay, be controlled to [ : e Y e Daer

provide optimal signal power | [

tao- reducé |nterference in surroundin ; ’ L of Geser Tott ot

| cells. For purpos f I pti

only, ‘the: present I nvention is de ; P o ot i e et P ang”
scribed in the context of dis

conti nuous: 't ransm ssions from nobile to” bhse and base to nDbllgreggcgpgihg

to FIgure 1, a base
16c ) for' station 100 is eqU|pped with transmtters (16a, 16b,

 silent transmission ‘periods. Also, peaks in
. receiver activity to demodulate and decode the code
words are avoided.
At times when there is no speech to transmit

5 _?' because of a silent perlod only two (or some small
- | number) code words in a predetermined position

. within the 40—word_b;ock are transmitted. When the
base station or mobile receiver detects these

o initial code words 1nd1cat1ng a silence block, the
“30° ¢ receiver ignores the.rest of the block. In this
| | way, considerable 51gna1 processing resources are
conserved. In addltlon, this staggered code word
transm1551on technlque provides the mobile and base
: station receiver w1th at least one sample of signal
15 . _'-flz strength for each 51gnal every .20msec, thus enabling
R 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.
20 L 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
ﬂ above without departlng from the essential spirit
25 and scope of the 1qventlon. Therefore, the
| invention should nét be regarded as limited to the
above examples, but should be regarded instead as
.belng fully commensurate in scope with the following

claims.
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transmtting different data signals to a plurality of nobile stations via a
: transn1tter amplifier 17 and an antenna 18. The relative-pomer +-evel-of -
- ee ransnt. ' is determ ned by a power control U
i. i | ..be. descrhbed in nore detail beIOM/ytheppomer controFhl gwt Q“£m$%“fm
d__term nes.and sets the power |evels for signal transm ssJ ﬁ HUIH%
',;n ach:nobi |l e based on the rel ative powgg_| evel s neasure ers
12b, 12c... of '

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:
mgﬁile receiving means for_receiving a
composite signal formed from signals transmitted'
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 receiving
signals transmitted from said plurality of mobiles

and for measuring their corresponding signal
strength values, and

means for modlfylng 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
snhstantialiy equal signal quality and said base
station reeeiving'means receives said mobile

fransmittedysigﬁals with substantially equal signal
quality. '
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the signals received fromeach respective nobile stati-on-vi-a—an-antenra-10.
The sumof all of the signals transmtted by the base stat on 1 0 npﬁg

to define a.conposite signal . According to Figure 2, a 0
S eqU|ppedrwm¢h a receiver 22 which operates in a conve
“filter,  anplify and denodul ate a signal from antenna 20.
S prOV|ded for selectively receiving an 9,decoding Its intended S|gnal

transmitted fromthe base station 100 and neasuring its signal strength.
Data signals denodul ated in the first decoder 24 are generated as out put

~data signal's for subgequept sys@em as described in claim 1, wherein
| - said computing means computes said desired power |
level for each mobile transmitter from a relative
o ranking of said determined signal strength values
5 from greatest to weakest signal strength.

er

3. The system according to claim 2, wherein
said computing means includes:
| means for detecting changes in a power
S level of transmissions intended for said mobile
10 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
15 - 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
20 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
25 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
30 o transmitted signal power level when said ratio
- increases; and '

llllllll llllll Illll HIII ll llll




O her signals transnitted fromthe base station 100 i ntendéd for ot her
nobi. | es mﬁthln its cell are received and decoded in a 5&@&&&}&33&&&&1

~where their: respective signal strengths are neasured. A
 cal cul-at'or--28 v ecei ves the signal strength nmeasur emants ﬁﬂl the
“and’ second decoders 24 and 26 and cal cul ates a transn155|
200 to use in transmi ssions to the base station 100. The data
nais to be transnitted fromthe3fbile 200 to the base station 100
ved in a nodul ator '34. A transnitter 32 receives the nodul ated"
ased on the tranggigsi 08 PAURLLG3:RY 3LEd RUniRE s

transmitted signal power level when said ratlo

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
méans 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.

15 ”3;f”: 8. A system according to claim 1, each mobile
- further comprising:
' transm1551on means for transmitting a
moblle 51gna1 from Sald mobile, and
means, connected to said computing means,
20 . . for gradually 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
25 signal transmissions to mobiles having relatively
e lesser measdred signal strength values. and decreases
power levels to mobiles having relatlvely greater
measured 51gna1 strength values.

A




éignd

of the transmtter 32 to transmt a nobile output signal.

of the control |oop of the present invention wll nom/béhdébzﬂkbﬁﬁi

power

mobi | e

strength cal cul ator 28, a power |evel controller 30 varies the power

.CO

%olaunit 14 of the base station 100 determi nes
i'gnal strength is greater (or weaker) than 5|gn

recei ved fromthe other nobiles, the base station 100 power control
reduces -the power -21-

10

15

20

25

‘30

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

KA, BN V0
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of a corresponding transmtter, e.g., transmtter 16a. ThHat power reductiom
i s inplenmented not as an |nstant aneous change but rat her ﬁ,%g,egﬂggé@,{m laced

A -nythe present power value towards the new target
od:of, e.g., 20 nsec. After the nobile 200 rreasur‘éﬂﬂ Hlmﬁﬂmmld
gth in the first decoder 24, the signal streng I 28

hat the strength of the S|gnal fromthe base station 100 to the
OQ_has been reduced relative to 2% signal strength previously
.~ The actual power: reduction is determ ned either by conmputing the

O'f the signal 1it re&qlt n s\irasltue?u raeccc%r\é%.ng %d r<‘E(iaim 12, each

mobile furthe; comprising:

CDMA-signal generating means, connected to
said-computiﬁg_means, for generating coded blocks of
CDMA data siéhals and for staggering in time'
transmiésionﬂbf 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 power control system, comprising:
at least one base station for controlling a
pldrallty ofumoblles 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:

méé@sffor detecting alterations in the
proportion ‘of total base station transmitter power
transmitted to said mobile, and

||IIIII| IIIIII |II|| ||I|I [ IIII%- "




mobi I'e decoder

of the nobiles in the cell,

24 to the nean of the total signal power transnitted to all

recei ved by the nobile 200 in a relative signal strengtTmyﬁmafl am

si gnal s f.or ~ot

recei ved 'signal strength had previously been ranked f|ft

strength order

her nmobiles within the cell. For exanple, i

of all the cell nobiles and is nOM/detern1ne to be

or by determnining the posffTBﬁ"B?mtﬁéw§T§ﬁ§i

laced
I 200

it is clear that the apportioned signal™33wer fromthe base station to that

mobi | e 200 has been reduced. Thus,
changes the target power

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

10

15

20

25

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.

\\l\\l\\ \\\\\\ l|l\\ \\l\l \\ \\\\

t he nobil e power |evel controller

30



l.evel for the nobile transmtter 32 froma power value P5.to0.a | ower power
target value P6. These -9- power. values P1, P2, P3 ..... may be stored

in.a menory:si.n a predetermined table format. The power | eVl S nRepl@ed
t hen decrgases the actual value of the transmtted nobile- J _
- predetermined tine period fromP5 towards P6. If at the en :

;periodh'fhgﬁtransnitted nobi | e power hagzgaly reached sone internediate
~value Pi and new

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

a receiver;

_ means for detecting periods of silence in
5 o communications from said base.station to any mobile;

and

means for deactivating said processing by said
receiver of any signal detected to be silent.

L 24. The power control system according to
10 : claim 16, further comprising:

o 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
15 S transmissions from said base station to achieve

B 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
20 _ ' 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
25 o means responsive to the power levels of signal
C 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
30 at said base station for all of said mobiles.

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

e




si gnal strength nmeasurenents result in a new target value Pn,

then the

power |evel is gradually changed fromthe current vaIue—Pr'tomards the

rel ative: S|gnal strength order is used to determ ne power

t he nobid’e..power |evel controller calculates aratio

target value Pn. Alternatively, if actual signal st rengﬁh.ss&%ﬂﬁﬁmehmﬁced
ma

denoteés the:signal strength of that portion of the base s
i ntended for a specific nobile 200 and S#5tenotes the nean signal strength

val ue of-“the base station signals intended for other

ratlo a nemztarget power | evel
D a receiver;

means for detecting periods of silence in

nobi | es.

i

Fromthis

communications from said base station to any mobile;

and

5 means for deactivating processing @y 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

10 - N signal strength from greatest to weakest signal

strength, signals transmitted from said base station

'j } " intended for each mobile, wherein said adjusting

means adjusts the power level of signal

transmissions from each mobile based on said

15 0 relative signal strength ranking.

28. A system according to claim 27,

mobile further comprising:

transmission means for transmitting a

- mobile sidha; from said mobile, wherein said

each

20 . 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 adjusting means increases the power level of

25  signal transmissions from mobiles that determine 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 signalistrengﬁﬁ received

30 - from said base station to have decreased.
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i-s selected according to a non-linear function P(r) whi ch de Qﬁq&gg
ratio r. The exact nature of the non-linear function P(Fys3
parti cul ar :comuni cati ons scenario such as the nunber_of
supporped p% gach cell, the type of nodul ation, the.frEq

"ft*e dlstrlbutlon of nobiles in the ceII t he physi cal geography
1excell, the desired CI ratio, etc. and may be specified by a
predet er mi-ned Iook-up tabl e. Thus, the c8RTT ol | oop essentially includes
t he base station detecting power Ievel changes from i ndividual nobiles in

IPS ?2“4-a5 those ”?ﬂ&]eﬁan£¥§%em as in claim 27, wherein said

ranking means includes:
means for sorting said 51gna1 strength
) values in an order from greatest to lowest and
5 _'f ' 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
10 o ' comprising: | ;
means for computing a power level for each
mobile as a. functlon of a ratio of each mobile's
signal strength value to a mean of said other
mobile's signal strength values.

15 3;11 32. A system as described in claim 25, wherein
:ﬁ each mobile includes:
méans for storing in table form a non-
linear power distribution function, and
_ m@ghs for determining the adjusted mobile
20 ij 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.

Wy




t

?ufthetuor,closer, behi nd buil dings, etc., and adjusting the power |evel of
.-fhe base station -10- transmtter associated with each nobile to.
‘m'nimze the affect of those power 'l evel changes. Once a nobile detects
L that chang@,rn base station transm ssion power |level allocated to that
. nobitle, it nDdlfles Its transm ssion power |level to match the detected
?-change No:bi directional nmessages or si<gm+ling between the base station
;=and noblres is : . : -

ABSTRACT OF THE DISCLOSURE
Measurements of mobile signal strength recelved”'t
e base statlon are used to determine the _ ' L
n of power that should be transmitted by the f ;:
_ sejstatlon to a particular mobile. Each ofa ”f-“
i plurallty of mobiles measure the relatlve strength - -
'athe base station signal specifically 1ntended for77
_that moblle. " The relative strength is compared to
'1th'r'the total base station signal power er_to=a
nﬁulative ranking of the power of signals intended
orﬂotﬁerfmebiles. That comparison is~used'to
termine whether the mobile should increase or
ffﬁdwcrease its power.
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- DUPLEX POWER CONTROL IN A CELLULAR MOBILE

RADIO TELEPHONE SYSTEM

.. FIELD OF THE INVENTION
The iévehtion described here relates to radio

communications systems, and in particular, to duplex
power cont#pl systems for cellular radio telephone

systems.

' BACKGROUND OF THE INVENTION
A cellular radio telephone system divides a
geographical area up into cells where neighboring

cells are generally

frequencies so as to avoid interference.

allocated different operating
Because of

the relatively low power communication transmissions
with a particular cell, another cell spaced two or

more cells away may
frequencies.
similar frequenc1es

1nterference level between themn.

re-use/cell pattern

typically re-use the same

The further apart cells re-using

are located, the lower the
The fregquency
is important in determining the

desired sigh&l-to-interference ratio (C/I) in a

cell. _
As the

' required to.
desired C/I-
. frequencies
decreases. -
frequencies

‘For example,

tbtal nunber of different frequencies
egpstruct a cell pattern to achieve a
ratio increases, the number of
available for use within a cell

if a total of 420

are available and a 21-cell pattern is
required before frequency

re-~use is permitted, the

number of. frequenc1es that can be used in each cell

is 420/21 =

20. Consequently, one way of increasing

capacity is to use a transm1551on technlque that
operates at a reduced C/I.

Current-cellular telephone systems prefer .

d1g1t1zed v

ie transmission, as compared to the

" This.is -the réb!acame'ritzsh!'e,t'_ o
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T

~S|nultaﬁeeusly The anplifier 54 anplifies a received,

conposite signa

Whi ch includes signals fromthe base station to all of the nobile stations
withinits:cell as well as interference. Afilter 56 filters the anplifier

out put si
consi stin

nal to renove extraneous noise. The filter 56 output signal,
“of a coded bl ock.of superinposed CDVA signals fromthe

cor r esponding base station-100, is divided into it& real and | magi nary

(quadrature or 1,Q conponents and digitirzed in a. dual -
convertor. .58, A CDNA signal processor 60 and a signal
sorter 62 forn1a CDVA

channel A-to-D
strength tracker and

transmission of analog voice waveforms, because

digitized transmission tolerates more interference.

Thus, digitized voice transmission allows for a

smaller freqﬁency 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

tolerance. Unfortunately, error correction coding

effectively widens the transmitted signal frequency
bandwidth, reduc1ng 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

frequencies available.

The relatlonshlp between system capacity versus

the amount of error codlng 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 signals 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 capaeity may be achieved by temporarily
turning off subscriber transmitters during the

moments oflgiience during a two-party conversation.
It has been well documented that 50% or more of the
time during a call connection between two
subscribers is actually silence. Consequently, the
number of conversatlons may be doubled before

interferenc hbecomes problematic.. A Discontinuous
Transm1551on (DTX) takes advantage of this feature
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denodul at or

63. The CDMA processor 60 denodul ates the strongest signal

fromthe conposite signal and subtracts the denodul ated signal fromth
conposite received signal in an iterative denodul ati on process until al
the coded, nobile signals fromthe base station 100 are denodul ated. The
signal strength val ues of each denodul ated signal code bl ock are sorted

t he signal

strength tracker and sorter 62 in the order of strongest to

e
of

n

weakest signal strength value and used {3 predict the relative strengths of

and is employed in conventional céllhlar access
systems, such as the Time Division Multiple Access
(TDMA) , Pan-European Digital Cellular'System known
as GSM. DTX effectively reduces the prevailing
interference of all the signals with respect to each
signal. '

Another'teéhnique for reducing interference
between signals in neighboring cells on the same
frequency is to configure 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
should be the greatest. In other mobile locations
further from the cell edge and'closef to the base
station, the power level should 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. 1In the uplink direction
from mobile to base station, the mobile's
transmission power should also be set according to a
fourth power radius law, in order to equalize the
signal strengths received at the base station and to
prevent those mobiles closest to the base station
from using unnecessary power levels that would cause
substantial interference.

Unfortunately, there is no direct technique for
either the base station or the mobile to determine
the distance between themselves. Consequently, the
radius necessary to construct a ﬁourgh power law is
unknown. This problem is overcome iﬁ conventional
systems using a'teéhniquevknown as Dynamic Power

‘Control in which a command is transmitted from the

base station to the mobile to reduce its power if
This is the replacement sheet



>

the signals for the next code block. A detailed description of the
subtractive CDVA denodul ation procedure is provided in the above-described .
patent application which has been i ncorporated by reference. The position
in signal strength order of that portion of the base station signal

I ntended for a particular nobile is assigned a relative power |evel value
by the signal strength tracker and sortep.62 and stored in a nenory | ook-up
table 64. The signal strength tracker and sorter 62 assigns power |evels
according to the relative signal strength order. A higher relative signa
strength woul deger 68§Ra1dstrength received by the base station

from that mobile is unnecessarily high. Similarly,
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 to regulate its transmitted
power to that mobile. The Dynamic Power Control
technique has the disadvantage that it is slow to
‘react because of the cumbersome, bi-directional
nessages neéded between the base station and the
mobile. The bi-directional signalling 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 pbﬁer level has
increased or decreased, the baséjstation adjusts

that fraction of its total t:ansﬁitter power that is
apportioned to transmissions to that mobile to
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f.or exanple, to a greater power |evel value and vice versa. Each power

|l evel in the relative power |level order is associated with a particul ar
nobi | e and each nobile's power level is sent to its respective power
controller 66. If the power |evel associated with that particular nobile
has changed: since the last iteration, the power controller 66 regul ates
that nobile transmitter's 70 output power _towards the new power |eve

val ue. The power controller 66 inposes a~PTme constant on the change from
~the present power to the newly determ ned power |evel so that the base

station 100 do%ﬁnﬂaénééeér£890€n3”8982r level change. 1In 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, and compares
that signal strength value to either the total base
station signal power or in a relative manner 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 signals
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 egually. 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 usiné only one control
loop. This control loop is more efficient than the
prior art techniques requiring exchénge of power
control data messages between the @Sbiles and base
station, and it also compensates for multipath
fading affects not accounted for in the prior art
systems. '

BRIEF DESCRIPTTON OF THE .DRAWINGS
. These and other features and aﬂVantages of the
invention will be readily apparent to one of
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step changes in the received power |evel fromthat -12- nobile. For

‘exanpl e,

t he power controller 66 mght ranp the power |evel fromthe

present value to the desired value at a limted rate so that it does not
change nore than 0.10 deci bels between successive code blocks. If a code
bl ock has a typical duration of 0.50 nsec, the rate of power change may be

200dB per second.

This rate is sufficiently high to partially mnimze the

effects of signal fading. -6-

ordinary skill in the art from the following writtén
description, read in conjunction with the drawings,
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 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 stations and a multiplicity of
mobiles where the power levels transmitted by each
mobile and by the base station may be controlled to
provide opﬁiﬁal 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 Figdre 1, a base station 100 is
equipped with transmitters (16a, 165, l6c...) for
transmitting different data signals to a plurality
of mobile stations via a transmitter amplifier 17
and an antenna 18. - The relative power level of each

transmitte@fSignal is determined by a power control
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I'n an alternative enbodi nent, rather than using a nobile's position in
signal strength order to select the transmtter power in discrete steps,
the ratio "r" of the power of that portion of the base station signal So

i ntended for one nobile divided by the total power of all the nobile
signals within the cell Smis used as a continuous power control variable.
This continuous variable is transfornmed through the non-linear-function
P(r) to obtain the new, desired val ue of -Fhe nobile transmtter power. The
non-linear function P(r) may be inplenented by nunerical ly approxi mating

the continuous variable "r" to a certain nunber of bits, e.g., 8 bits, and
. unit 14. As will be described in more detail below,

the power control unit 14 determines and sets the
power levels for signal transmissiohs apportioned to
each mobile based on the relative power levels
measured by the receivers 11, 12a, 12b, 12c... of
the signals received from each respective mobile
station via an antenna 10. The sum of all of the
signals transmitted by the base station 100 combine
to define a composite signal. _

According to Figure 2, a mobile station 200 is
equipped with a receiver 22 which operates in a
conventional manner to filter, amplify and
demodulate a signal from antenna 20. A first
decoder 24 is provided for seiectively receiving and
decodihg its intended signal transmitted from the
base station 100 and measuring its signal strength.
Data signals demodulated in the first decoder 24 are
generated as output data signals for subsequent use.
Other signals transmitted from the base station 100
intended for other mobiles within its cell are
received and decoded in a second decoder 26 where
their respective signal strengths are measured. A
signal strength calculator 28 receives the signal
strength measurements from both of the first and
second decoderé'24 and 26 and calculates a
transmission power for the mobile 200 to use in
transmissions to the base station 100. The data
input signals to be transmitted from the mobile 200
to the base station 100 are received in a modulator
34. A transmitter 32 receives the modulated signal.
Based on the transmission power caléulated by the
signal strength calculator 28, a p@ﬂer level
controller 30 varies the power of tﬁe transmitter 32
to transmit a mobile outpﬁt signal. '
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using it to address a | ook-up table, e.g., having 256 | ocations. The
| ook-up table representing P(r) is predetermned so that for each of 256

"r" values, a corresponding value P(r) is addressed and retrieved. Geater

precision is achieved by increasing the nunber of bits representing the
ratio "r", e.g., 10 bits generates 1024 val ues stored in the | ookup table.
O course, if "r" was truly continuous, _g_l ookup table would be infinitely
large. It is beyond the scope of this description to provide exhaustive
details concerning the determ nation of the non-linear function used to

The operation of the 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 mobiles, the base
station 100 power control unit 14 reduces the power
of a corresponding transmitter, e.g., transmitter
l6a. That power reduction is implemented not as an
instantaneous change but rather as a gradual change
from the present power value 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
strength calculator 28 determines that the strength
of the sigﬂal'from the base station 100 to the .
mobile 200 has 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 decoder 24 to the mean of the total signal
power transmitted to all of the mobiles in the cell,
or by determlnlng the p051tlon of the signal
received by the mobile 200 in a relatlve s1gna1
strength ranking with signals for other mobiles
within the cell.

For example, if the mobile's 200 received
signal strength had previously been ranked fifth in
a signal strength order of all the cell mobiles and
is now determined to be sixth, it iseclear that the
apportioned signal power from the b&Sé station to
that mobile 200 has been reduced. Tﬁus, the mobile
power level controller 30 changes the target power
level for the mobile transmitter 32 from a power
value P5 to a lower power target vaiue P6. These
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generate the contents of the |look-up table. Such a -13- determ nation
requi res conplex sinulations of the entire duplex comuni cations system
However, the various criteria set forth below w |l 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 logarithmc scale. A siygdation of a non-linear function

P(r) for

power values P1, P2, P3..... may be stored in a
memory in a predetermined table format. The power
level controller 30 then decreases the actual value
of the transmitted mobile power over a predetermined
time period from P5 towards P6. If at the end of
that time period, the transmitted mobile power has
only.reached some intermediate value Pi and new

~ signal strength measurements result in a new target
value Pn, then the power level is gradually changed
from the current value Pi towards the target 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 denotes the signal stfength of that portion of
the base station signal intended for a specific
mobile 200 and Sm denotes the mean signal strength
value of the base station signals intended for other
mobiles. From 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-linear function P(r) depends on the

_particular communications scenario such as the
number of mobile stations supported by each cell,
the type of modulation, the frequency re-use
pattern, the distribution of mobiles in the cell,
the physical geography within the cell, the desired
C/I ratio, etc., and may be specified by a
predetermined look-up table. |

Thus, the control loop essentially includes the
base station detecting power level éhanges from
individual mobiles 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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achieving an optimumrel ati onshi p between uplink and downlink relative
power is illustrated graphically in Fig. 5. The cell is assunmed to contain
24 active nobiles nunbered 1-24 along the horizontal axis in increasing

di stance fromthe base station. X=24 corresponds to the nobile farthest
fromthe base station; X=1 corresponds to the nobiles nearest the base
station. Wiile the power levels required in the uplink direction from
nobil e to base station to provide equal b wer |evels-at the base station
are determned by the fourth power propagation | aw descri bed above, e.g.,

the power |eveks 3khitter associated with each mobile to minimize
the affect of those power level changes. Once a
mobile detects that change in baéé sﬁétion
transmission power level allocated to that mobile,
it modifies its transmission power level to match
the detected change. No bidirectiona; messages 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 that disclosed in U.S. Patent No. 5,151,919,
issued September 29, 1992, assigned to the present
assignee. The subject matter of which is expressly
incorporated 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 transmitter 70 to be connected to an antenna 50
simultaneously. The amplifier 54 amplifies a
received, composite signal which includes signals
from the base station to all of the mobile stations
within its cell as well as interferenée. A filter
56 filters the amplifier output signal to remove
extraneous noise. The filter 56 output signal,
consisting of a coded block of supefimposed CDMA
signals from the corresponding base étation 100, is
divided into its real and imaginary'(guadrature or
I,Q) components and digitized in a'dgal—channel
A-to-D convertor 58. _ |

A CDMA signal processor 60 and a 'signal
strength'trackér and sorter 62 form é:CDMA
demodulator 63. The CDMA processor 6b demcdulates
the strongest signal from the composife signal and
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Inversely proportional to the fourth power of the distances from each
nobile to its base station, the propagation.|law which dictates the power

| evel s required for the downlink direction to provide equal signal quality
at each nobile nmust account for neighboring cell interference. It is the
di fference between the uplink and downlink propagation |aws caused by

nei ghboring cell interference that requiyes a non-linear function to
translate relative signal strength for T ¥nl i nk transm ssions to required
transmtter power on uplink transm ssions. The graph in Fig. 5 illustrates

the non-linear GRLIespANdRNce RRlEStd Hiidhitt | Ab®f i@ sCompstiea
received signal in an iterative demodulation process
until all of the coded, mobile signals 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 patént
application which has been incorporated by
reference. .

The position in signal strength order of that
portion of the base station signal 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 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 power Ievei associated
with that particular mobile has changed since the
last iteration, the power controller 66 regulates
that mobile transmitter's 70 output:power towards
the new power level value. The poWef controller 66
imposes a time constant on the chanéé from the
present power to the newly determinéd power level so
that the base station 100 does not experience sudden
step changes in the received power level from that
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power to nobiles on the downlink and nobile transmtter power required
uplink to the base station. The curve |abelled Power Share shows for the
particul ar system sinulated the proportion of the total base station
transmtter power each nobile should receive (in dB below total transmtted
base station power) to achieve equality in signal quality at each nobile.
Consequently, nobile 1 receives -42dB of the total power while nobile 24
recei ves -8dB, a difference of 34dB. On-tiZ ot her hand, '

mobile. For example, the power controller 66 might
ramp the power level from the preseﬁﬁ value to the
desired value at a limited rate so-ﬁﬁat it does not
change more than 0.10 decibels between successive
code blocks. If a code block has a typical duration
of 0.50 msec, the rate of power chanée may be 200dB
per second. This rate is sufficiéntly high to
partially minimize the effects of signal fading.
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 continuocus 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 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 represénting the ratio
“r¥", e.g., 10 bits generates 1024 values stored in
the lookup table. Of course, if "r* was truly
continuous, a lookup table would be infinitely
large. _ _
' It is beyond the scope of this description to
provide exhaustive details conéérning,the
determination of the non-linear function used to
generate the contents of the look-up table. Such a
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mobile 24 is [err]24 further tines away than nobile 1, assuming a uniform
area distribution of nobiles, and based on the fourth power radius |aw
ref erenced above, the nobile 24 needs to transmt (24)[err] tinmes as nuch
power as nobile 1 which is equivalent to 28dB. Likew se nobile 10 gets
22dB nore base station power than nobile 1 but should transmt 20dB nore
back to the base station, etc. Thus, each nobile adjusts its transmtter
power in response to changes of signal st¥¥®ngth intended for that nobile
received fromthe base station according to the non- | i near function P(r).
Anot her objective of the present invention in

determination requires complex 51mu1atlons of the

entire duplex communications system. However, 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) 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 along 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 power 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 difference
between the uplink and downlink propagation laws
caused by neighboring cell interference that
requires a non-linear function to translate relatlve
signal strength for downlink transmissions to
required transmitter power on uplink transmissions.

The graph in Fig. 5 illustratés the non-linear
correspondence between distribution of base station
power to mdbiles on the downlink and mobile
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adjusting nobile transnmtter power is to achi eve equal
signal-to-interference ratios (C/1) at the base station for all the nobiles
simul taneously with equal signal-to-interference ratios (C/1) at all of the
nobiles with respect to signals fromthe base station. A problem affecting
achi evenent of that objective is that the instantaneous signal strengths of
all nobiles varies because of nultipath or Rayleigh fading on their
respective, uncorrel ated signal paths. Fﬁ4§ystens usi ng subtractive CDVA
denodul ati on, signals from nobiles near the base station exhibiting a

single, dom nant, propAGAll QoPat N-Lh1L-8§"88F1nR3YS LRE BLEQNgest signal
station. The curve labelled Power Share shows for
the particular system simulated the proportion of
the total base station transmitter power each mobile
should receive (in dB below total transmitted base
station powerj to achieve equality in signal quality
at each mobile. Consequently, mobile 1 receives
-42dB of the total power while mobile 24 receives
-8dB, a difference of 34dB. On the other hand,
mobile 24 is /24 further times away than mobile 1,
assuming a uniform area distribution of mobiles, and
based on the fourth power radius law referenced
above, the mobile 24 needs to transmit (24)? times
as much power as mobile 1 which is equivalent to
28dB. Likewise mobile 10 gets 22dB more base
station power than mobile 1 but should transmit 20d4B
more back to the base station, etc. Thus, each
mobile adjusts its transmitter power in response to
changes of signal strength intended for that mobile
received from the base station according to the non-
linear function P(r).

Another objéctive of the present inventibn in
adjusting mobile transmitter power is to achieve
equal signal-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 mobiles varies because of multipath or
Rayleigh fading on their respective, uncorrelated
signal paths. 1In 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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-15- strengths and therefore should be denodul ated and renoved fromthe
conposite signal first. Signals fromnore distant nobiles being nore
likely to be received with multiple paths (del ayed echoes fromreflections
from mount ai ns, buildings, etc.) should be renmpved subsequently.
Accordingly, in the subtractive CDVMA enbodi nent of the present invention,

the base station sets one target signal_ fgiength above the nean for nDblles
likely to have

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
reflections from mountains, buildings, etc.) should
be removed subsequently. Accordingly, in the
subtractive CDMA embodiment of the présent
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 oﬁtimal fesults. 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
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 éqntrol system
of the present invention, normally only the mobile
transmitter associated with the'acﬁive speaker is
transmitting. Therefore, duriné much of a normal

voice conversation a communications link exists only
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mul ti ple paths and a second target signal strength bel ow the nean for those
nobiles less likely to have multiple paths. G ven the unpredictable nature
of the interference and nultipath fading problens descri bed above, the
contents of the non-Ilinear power function |ook-up table 64, being based on
t heoretical calculations, nust often be nodified in |ight of practical
experience for optinmal results. The present invention provides for the
| ook-up table 64 to be changed by a commaidf-fromthe base station included
in the data received by the nmobile as a digital control nmessage. Wiile the
nodi fication . . . _ B
_ in one direction, and the power control loop of the

present invention between the mobiléland the base
station is broken. Of course, it is possible for a
mobile to formulate its transmitter“power based on
past signal strength measurements from previous
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 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 silence (no
speech). 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.

- 0f forty-two code words transmitted per
20 msec, forty code words typically'represent one
speech block. The code words in e&ch block are
staggered by a code word generator 86 one code word
apart in order to distinguish betwéﬁn the signals
destined for different mobiles. The benefit of
staggering is that the staggerea'cbde words appear
for each mobile signai at different’time positions
and maintain signal strength measqtements between
each mobile and the base station during otherwise
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m ght be an overall scaling factor in the sinplest case, it mght also

I nvol ve the selective nodification of certain elenments or a conplete
rewiting of the entire table. In situations where target signal strengths
are not specified by the base station or are unnecessary, a default table
| ook-up may al so be provided in each nobile station. Wen discontinuous
transm ssion (DTX) is used in conjunction with the dupl ex power control
system of the present invention, nornallyldnly the nobile transmtter
associated with the active speaker is transmtting. Therefore, during nmuch

of a nornal voice_conversatiqn a comunications link exists only
silent transmission periods. Also, peaks in

receiver activity to demodulate and decode the code
words are avoided. ‘

At times when there is no speech to transmit
because of a silent period, only tw¢~(or some small
number) code words in a predetermined position
within the 40-word block are transmitted. When the
base station or mobile receiver detects these
initial code words indicating a silence block, the
receiver ignores the rest of the block. 1In this
way, considerable signal processing resources are
conserved. 1In addition, this staggered code word
transmission technique provides the mobile and base
station receiver with at least one sample of signal
strength for each signal every 20mse¢, 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 limitative. 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 departing from the essential spirit
and scope of the invention. Theref&re, the

invention should not. be regarded as limited to the
above examples, but should be regagéed instead as
being fully commensurate in scope ﬁith the following
clainms. ' '
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-16- in one direction, and the power control |oop of the present invention
bet ween the nobile and the base station is broken. O course,

‘possible for a nobile to formulate its transmtter power” based on past
signal strength measurenents from previous transm ssi orlﬂnsf%éwnishﬁe Bced
station, but those neasurenents may be too old to be of
conpensation for Rayleigh or |og nornal fgglng IS obtaln

WHAT IS CLAIMED IS:

1. A power regulation system, cemprising:
a plurality of mobiles for commuqicéting with
at least one base station, each mobile including:
mobile receiving means for receiving a
composite signal formed from signals trahsmitted
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 level, and
said base station including:
base station receiving means for receiving
signals transmitted from said plurality of mobiles
and for measuring 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
substaﬁtially equal signal quality and said base
station receiving means receives said mobile
transmitted signals with substantlally equal signal
quality.

Hllllll IR ) G III!
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The use of DTX in combination with the present inventi-on-in-the-system-
illustrated in Figure 3 will now be described in nore d Laﬁlt ggg 4 ctlon
with Figure 4. The CDMA signal generator 68, which is u 'éiuﬁ p

S

base station 100 or each nobile 200, uses a speech encod |ng
t he speech input waveformin typically 20nsec bl ocks int
typically 280 data bits. Each 20rsec bIoci generated by the speech encoder

80 either contains speech information or PTence (no speech). An orthogonal
bl ock encoder 82 encodes groups of bits, typically seven bits, of the coded

bl ock into code words, tYR Gidobrl % Mdscd 8 fh claim 1, wherein

said computing means computes said dési:éd 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:

means 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

Hllllll HIIH IIIH !Illl | llll
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scranbl er 84 using a unique code for each nobile insures thai code_word .

sequences differ for each nobile. O forty-two code r nsn1tted per
20 nsec, forty code words typically represent one spee a%%de
words in each block are staggered by a code word gener ﬁmr e word
apart in.order to distinguish between the signals destl ent
nobi |l es. The benefit of staggering is that the staggered code words .appear
for each nobile signal at different tinﬁzgﬁsitions and mai ntain signal
strengt h neasurenents between each nobile and the base station during

ot herwi se o

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

6. A system according to claimgi} wherein
said computing means includes: o
means for storing in table ﬁorm a non-
linear power distribution function, aﬁa'
means for determining said §¢w¢r level
based on said non-linear power distribﬁfion
funétion. '

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 comprising: '

transmission means for transmitting a
mobile signal from said mobile, and

means, connected to said cq@puting means,
for gradually 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 }evels of
signal transmissions to mobiles having relatively
lesser measured signal strength valueé and decreases
power levels to mobiles having relaﬁiﬁgly greater
measured signal strength values. o
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silent transm ssion periods. Al so, peaks in receiver act|V|ty to denodul ate

and decode the code words are avoided. At tines when ther |s no speech to

transmt because of a silent period, only two (or sone s
words in a predeterm ned position within the 40-word bloc
When the base station or nobile receiver detects these im

I ndicating a silence block, the receiver ignores the rest of the bl ock. In
this -21-

10. A system as in claim 1, wherein said
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 power level from a predetermined look-up
table storéd in a memory based on the position of
said mobile's determined signal strength value 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)
including:

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 rénking said
demodulated signals in an order from greatest 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 system according to claim 12, wherein
said ranking means includes a memory for storing
said demodulated signal strengths in table format.

[RPRRISE LY e o e e i e e
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way, considerable signal processing resources are conserved:—kn-addi-t+on;-
this staggered code word transm ssion technique providQﬁft e |

base station receiver with at |east one sanple of signa'fheet

si gnal every 20msec, thus enabling the power control | odj ﬂ llﬂlm
I nvention to remain in continuous operation. The inventi

described in terns of specific enbodinments_to facilitate understanding. The
above embodi nents, however, are illustrat$%e rather than limtative. It
will be readily apparent to one of ordinary skill in the art that

departures may be magg frgm e SRGCI S ARYEURIYY, ecach
mobile further comprising:
" cDMA signal generating means, connected to
said computing means, for generating coded blocks of
CDMA data signals and for staggering in time
‘transnission of said coded blocks.

15. The powér control system according to
claim 1, wherein each mobile includes:
means for detecﬁing periods of silence in
communications from said base station to any mobile,
and _
means for deactivating demodulation of a
signal detected to be silent.

16. A power control system, comprising:

at least one base station for controlling a
plurality of mobiles each having a transmitter, said
base station having means for altering the
proportion of total base transmitter power
transmitted to each mobile to regulate each mobile's
transmitter power;

17. The power control system according to
claim 16, wherein said altering.meansfincludes means
for equalizing mobile transmitter power levels
received at said base station from each of said
mobiles.

18. The power control system according to
claim 16, each mobile further compriéing:
means for detecting alteraﬁi¢ns in the
proportion of total base station.traﬁsmitter power
transmitted to said mobile, and

—————=__ This is the replacement sheet
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above wi thout departing fromthe essenti-al spirit and scope..of.the
I nvention. Therefore, the invention should not be regarded as ||ﬂt f led
t he above exanpl es, but shoul d be regarded instead as belng H“ emle i

. comensurate in scope with the follow ng clains. VWHAT IS “"ﬂl

- In a comuni cations systemincluding at | east one base stati

plurality of nobiles for communicating Mﬁth said at |east one base statlon,
a power regulation system conpr|5|ng -

means for changing said mobile traﬁsmitter
power based on said detected alteratiéns.

19.. The power control system as in claim 18,
wherein said changing means changes 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
ranking from greatest to least signal strength
values of_ail signals transmitted to said mobiles
and wherein;said changing means increases said
mobile'trénSmitter power if its relative ranking
increases=aﬁd 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 powér'distribution function, and
means for determining said changed mobile
transmitteé‘power based on said non-linear function.

22. A .system according to clalm 21, wherein
said base statlon includes means for modifying said

storing means in each mobile to adapt said non-
linear function.
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each nobile including. nobile receiving nmeans for receiang«a~£enpgsLte
signal fornmed fromsignals transmtted from said base stat on (ﬁwd
said plurality of nobiles, each transmitted signal i nted

mobi | es, and for determ ni ng correspondi ng si gnal streng mﬁ K ach
received signal in said conposite signal and, neans, con

nobi | e receiving nmeans, for conputing froggsald signal.strength values a

desired nobile transnitter power |evel sai d base -station including:
base station receiving neans for receiving signals transmtted fromsaid

plurality of nobiles snd f%@‘%ﬁﬁ#&!ﬂ' NEbr thed ¥ ’E@xﬁpﬁé@bfalﬁdjgﬂ@ strength
val ues, and nean for nDdlfﬁlng Fomer | evels o @iﬁgal transm ssions to

sai d robiles ba P JrelpiLe Lh 93f ues so that each of

said nmobile receivingnﬂhnéivemelves its intended signalwith substantially
equal signal quality and sad. b@é?eééﬁ& Periods of s:Llence in
communications from said base station‘?&fany 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 adjustlng
the power level of signals transmltted from said
mobiles to said base station to achieve
approximately the same-signal-to-intérference ratios
at said base station for all of said mobiles.

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

e et o i+ ot e ek
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receiving neans receives said nobile transmtted signals with substantially
equal signal quality. 19 2. A system as descri bed-Tmctan 1, wherein
sai d conputing means conputes said desired power |evel rf;06h.83aB&aRREIRed

transmtter forma relative ranking of said determ ned
val ues fromgreatest to weakest signal strength. 3. jiﬂug ﬂB rd| ng
to claim2, wherein said conputing neans includes:. nea

changes in a power |evel of transmi ssi onr2%=nt ended for said nobile based ron
changes in said relative ranking; neans for increasing said nobile's

transmtter power |evel when said relative
a receiver;

means for detecting periods of silence in
communications  from said base station to any mobile;

means for deactivating processing by said
mobile receiver of any signal detécﬁedzﬁb 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 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 signal from said mobile, wherein said
adjusting means, connected to said ranking means,
gradually adjusts power of each mobilé's transmitter
based on said relative ranking.

29. A system according to claim 27, wherein
said adjusting means increases the_pdwer level of
signal transmissions from mobiles thét determine its
respective signal strength receive&fﬁfom the base
station to have increased, and decreésés power
settings of signal transmissions froﬁimobiles that
determine its respective signal stféﬁgth received
from said base station to have decfeésed.
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ranki ng i ncreases; and neans for decreasing said nobile!s. IxansnitteL—pemer

level when said nobile's relative ranking decreases. 4., F
described in claim1, wherein said conputing neans cori Y mﬁ
power level for its respective nobile as a function of @

determ ned signal strength val ue associated with said ré

a nean of said determ ned signal strength val ues assOciated mnth other
nobi | es. 5. A system according to cl @42, wherein said conput i ng neans
i ncl udes: means for detecting changes in power levels of transmitted signal

i ntended for said nngb[e asegt%% %Qag%eclalm§§5d Q%efaln said

ranking means includes:

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

means for selecting mobilé,tﬁéhsmission
power levels from a predetermined 160k¥ﬁ§ table
stored in a memory based on the positioﬁ'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:
means for storing in table form a non-
linear power distribution function, and '
means for determining the adjusted mobile
transmitter power based on said non-linear function.

33. A system as described in claim 32, wherein
said base station includes means for modifying said
storing meaﬁs in each mobile to adapt said non-
linear function.
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20 neans for increasing said nobile's transmtter power |evel when said
rati o i ncreases; and neans for decreasing said nobile's transmtter power
| evel when said ratio decreases. 6. A system according to claiml,
wher ei n said conputing neans includes: neans for storing in table forma
non-1|inear power distribution function, and neans for determ ning said
desired power |evel based on said non-lIThear power distribution function.
7. A system according to claim®6, wherein said base station includes

means for gener api;pgeAngo H@ﬁ)ﬂéﬁhﬁ-kbﬂgxﬁ HOPEELoBRROMOBREEAND; and wherein

each nobile furt I nc 1 FRLEBON Swerg® sai d nodification
conunand, for alterlng said storing neans to adapt to said non-linear

functi on.

ABSTRACT OF THE DISCILOSURE

Measurements of mobile signal strength received
at the base station are used to determine the
portion of power that should be transmitted by the
base station to a particular mobile. Each of a
plurality of mobiles measure the relative strength
of the base station signal specifically intended for
that mobile. The relative strength is compared to
either the total base station signal power or to a
cumulative ranking of the power of signals intended
for other mobiles. That comparisoh is used to
determine whether the mobile should increase or
decrease its power.

Figure 3
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8. A system according to claim1, each nobile further conprising:

fransm ssion neans for transmitting a nobile signal fromsaid nobile, and.
nmeans, connected to said conputing neans, for gradually altering power of
said transm ssion nmeans based on said conputed desired nobile transmtter
power |evel. 21 9. A system according to claim1l, wherein said

modi fyi ng means i ncreases power |evels bf3signal transnissions to nobiles
having rel atively | esser nmeasured signal strength val-ues and decreases
power |evels to nobiles having relatively greater neasured signa

strength
val ues. 10. A systemas in claiml1l, wherein said conputing neans
I ncl udes: - S
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means for sorting said determ ned signal strength values in an order from
greatest to | owest signal strength value, and neans for selecting said
desired nobile transmtter power |evel froma predeterm ned | ook-up table
stored in a nenory based on the position of said nobile' s determ ned signal
strength value in said sorted order. 11. A systemas in claim1, wherein
sai d nobil e and base station receiving/feans each include a Code Division
Mul ti pl e Access receiver. 12. A system as described in claim1, wherein

said nobile receiving neans is a code division nmultiple access denodul at or
(CDMVR) i ncl udifng. subtractTve enoauratt o

enoau g said
conposite signal into a plurality of denodul ated signals gorrespondinfg to
said transm ttled signals to each of said plurality of nobi}§l es;
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22 13. The system according to claim 12, wherein said ranki ng neans

I ncl udes a nenory for storing said denodul ated signal strengths in table
format. 14. The system according to claim 12, each nobile further
conprising: CDVA signal generating neans, connected to said computing
means, for generating coded bl ocks of CDVA data signals and for staggering
in time transnission of said coded bl ocR¢3 15. The power control system
according to claim1, wherein each nobile includes: means for detecting
periods of silence in communications fromsaid base station to any nobile,

and ntans for deactivating denodul ation of .a signal detected to be siﬂent.
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16.  t'n a conmuni cations systemincluding at | east one base station and a
plurality of nobiles for communicating with said at | east one base station,
a power control system conprising: each nobile having a transmtter; and
sai d base station having neans for altering base transmtter power
transmtted to each nobile to produce, for each nobile, a corresponding
base station transmtter power that is gslesired proportion of total base
transm tter power and thereby to instruct each nobile to regulate its

nobile transmtter power, 23 wherein an increase in said correspondi ng
base station transmtter power in
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propoidt-aiut 0 total base transmtter power indicates to a corresponding
smobil e that corresponding nobile is to increase its nobile transmtter
power. 17. In a communi cations systemincluding at | east one base station
and a plurality of nobiles for communicating with said at | east one base
station, a power control system conprising: each nobile having a -
transmtter; and said base station havhgg means for altering base
transmtter power transmtted to each ile to produce, for each nobile, a
correspondi ng base station transmtter power that is a desired proportion

of total base transmitter power and thereby to instruct each nobilc to
regulate its nobile transmtter power, 3 egpin said altering neans includes
means for determ ning, for each nobileX

g&ﬂ desired proportion that wll
equal i ze signal power |evels received ﬁ § d base station from each of
sai d nobile. S
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st at.i;on anei(,a

18.- .l.n.a communications systemincluding at |east;omed
plurality of nobiles for connunlcatlng WwWth sald at:
a power control system conptising: each mobi | et h
24 said base station having saeans for altering b
transmtted to each nobile t: produce ;ﬂ% each!

base station transnmitter power that is eS|reé
transmitter power and thereby: to instruct each nDb

to regul ate
'Cﬁmla ?\é_ég_. ..?&l;;[.% ........

nobile transmtter 80\/\/er wher_el n each nobile furt
WHAT IS CLAIMED: IS

1. Ina oommun_l__t_:_a_ti §y§tem i'1___;'c1uding at least one base statiop and a plurality of

mobiles for communic w1th said’at least one base station, a power regulation sysfem,
comprising:

cach mobile mcludmg

mobile rcc' ving means for receiving a composite signal formed from signals

transmitted from sald.:ba‘ stauon to_all ot said plurality of mobiles, each wransmitted signal
intended for one of sazdmobﬂes, and for determining corresponding signal strength values
~ for each received s1gnalmsa1d composite sigual and,
tneans,__-c_:oét_-x_é‘t_':ted to said mobile receiving mcans; for computing from said

signal strength values a -&ié’s’ifed mobile transmitter power level, and

said base statmn 'mcludmg

base qtanon recelvmg means for receiving signals transmifted from said
plurality of mobiles andfor measuring their corresponding signal strength values, and
| means fér-fﬂii:‘ﬂifyingpcwcr Ievels of signal transmissions to said -m&bi!cs
based on said measured s:gnal strcngth values so that each of said mobile receiving means
reccives its intended s:gna ."."'thh substanuaﬂy equal signal quality and said base station
receiving means recewes sald moblle transmitted sigpals with substantially equal signal

quality.
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means;f.or detecting alterations in received signal strength of a -
corresponding signal transmitted to said nobile in proportion to total
signal strength of all signals received fromsaid base station, and neans
for changing said nmobile transmtter power based on said detected
alternations. 19. The power control sysfemas in claim18, wherein said
changi ng neans changes said nobile tran tter power as a function of a
ratio of a strength value of "a signal intended for said nobile to a nean of
strength val ues of signals intended for other of said nobiles. 20. The
power control systemas in claim 18, wherein said detecting neans includes

nmeans for ranki ngsyseninagd&otinstinicRih 43 ¥heRinadl coniputingindansalorpates aig! |
signals transmtted to said nobil es and wherein said changi ng neans

 and deor sasel ST rant S bR, sl (AL AT R aRRR =S

decreases. - .
: - signal strength values from greatest to weakest signal strength. -

3. The system acqo:ding to claim 2, wherein said computing means includes:

means for dctc{:ting changes in a power level of transnliésions intended for said
mobile based on changes in said relative ranking;

means for increasing said mobile's transmitter power level when said relative
rapnking increases; and

means for decreaging said mobhile's transmitter 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 other mobiles.

5. A system accordi’_x_ig to claim 4, wherein said computing means includes:
means for detecting changes in power levels of transmiried signal intended for said

mobile based on changes in said ration:
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25 2%. A systemaccording to ctaim 18, said changi ng neans i ncl udi ng:
nmeans for storing in table forma non-linear power distribution function,
and neans for determ ning said changed nobile transmtter power based on
sai d non-linear function. 22. A system according to claim 21, wherein
sai d base station includes neans for gepgrating and transmtting a

- nmodi fication command, and wherein each nobile further includes neans for
nodi fying said storing nmeans in each nobile to adapt said non-I|inear
function. 23. In a comuni cations systemincluding at | east one base

station and a plurality of . o, . . .
means for ificreasing said mobile's transmitter power level when said ratio

increases; and
means for decreasing said mobile's transmitter 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-linear power distribution function, and
means for determining said desired power level based on said non-linear power

distribution function.

7. A system according to claim 6, wherein said base station includes means:for
generating and transmitting a modification command; and
wherein each mobile further includes mean, responsive to said modification

command, for altering said storing means to adapt to said non-linear function.

8. A system according to claim I, each mobile further comprising:
transmission means for transmitting a mobile signal from said mobile, and.
means, connected to said computing means, for gradually altering power of said

transmission means based on said computed desired mobile transmitter power level.
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mobi | @s for communicating with said at | east one base station, a power -
control system conprising: each nobile having a transnitter; and said:
station having nmeans for -al'téring-base transmtter power transmtted to
. each nobile to produce, for each nobile, a corresponding base station -
‘transmitter power that is a desired propQ&tion of total base transmitte
~power and thereby to instruct each npbil €&to regulate its nobile B
transmtter power. wherein.each nobile includes: a receiver; This is th
repl acenent sheet 2 '

9. A system according to claim 1, wherein said modifying means increases power

levcls of signal transxms s‘to ‘mobiles having retatively lesser measured signal strength
values and decreases pow evcls to mobiles having relatively greater measured signal

strength values.

10. A systemas mclaxm 1. wherein said computing means includes:
means for sortiog said determined signal strength values in an order from greatest o
lowest signal strength valye, and

means for selectmg said desired mobile transmitter power level from a

predetermined look-up:'_t_é_l_':__:le stored in a memory based on the position of said mobilc's

determined signal strength value in said sorted order.

11. A system as inclaim 1, wherein said mobile and base station receiving means cach

include a Code Division' Multiple Access receiver.

12. A system as descrtbedm claim 1, wherein said mobile receiving means is a code o
division multiple acccé%.g_:gié?nbéulator (CDMA) including.

subtractive CDMA _deﬁlodulation means for demodulating said composite signal mto '
a plurality of dcmodulated -.sig_'nals corresponding to said transmitted signals to each of said E

plurality of mobiles;
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26 neans, coupled to said receiver, for detecting periods of silence in
communi cations from said base station to any nobile; and neans, coupled to
said detecting neans and to aid receiver, for deactivating processing by
said receiver of -any signal detected to be silent. 24. In a
comuni cati ons systemincluding at |east_one base station and a plurality
of nobiles for communicating with said at?| east one base station, a power
control system conprising:. each nobile having a transnitter; and sai d base
station having neans for altering base transmtter power transmtted to
each nobile to produce, for -each nobile, a correspondi ng base station
transm tt ed3powdhe sysitm aecordine i alach 19, evherdin said miking nekndinciadés amemotyt er
power and thereby to instruct each nobile to regulate its mbile

transm tt eforR@BIg said demodulatéd signal strengths in table format.

4. The system acco'rjtfing to claim 12, each mobile further comprising:
CDMA signal generating means, connected to said computing means, for genefating
coded blocks of CDMA data signals and for staggering in time transmission of said coded

blocks.

15.  The power control system according to claim 1, wherein each mobile includes:
means for detecting periods of silence in communications from said base station to

any mobile, and

means for deactivating demodulation-of a signal detected to be silent.

16.  Ina communications system including at least one base station and a plurality of
mobiles for communicating with said at least one base station, a power control system,
comprising:

cach mobile havii;g; a transmittcr; and

said base station having means for altering base transmitter power transmitted to
each mobile 10 produce, for each mobile, a corresponding base station transmitter power
that is a desired propottiﬁn of total base transmitter power ancll__if't_"hereby to instruct each

mobile to regulate its mobile transmitter power,
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wherein the systemfurther conprisest nmeans for achieving approxinmately the _
same signal-to-interference ratios at said base station for all of said
mobi | es, and ntans for regulating the power of signal transm ssions from
sai d base station-to achi eve approximately the sanme signal-to-interference
rati o at each nobile fromsaid base st at hgn. 27 25. In a

conmuni cati ons systenllncludlng at | east _one base station an a plurality of
mobi l es for comunicating with said at | east one base station, a power
control system conprising::

wherein an increase in said corresponding base station transmitter power in
proportioxﬁ to total base transmitter power indicates to a corresponding mobile thatsaifl

corresponding mobile is to increase its mobile transmitter power.

17. Ina communicaf_ipns system including at least one base station and a plurality of
mobiles for communicgtipg with said at least one base station, a power control system,
mmprising:

each mobile having a transmitter; and

said base station having means for altering base transmitter power transmitted to0
each mobiic to produce, ._.for each mobile, a corresponding base station transmitter power
that is a desired propo_xjtipn of total base transmitter power and thereby to instruct each
mobilc to regulate its mobile transmitter power,

wherein said altering means includes means for determining, for each mobile, said
desired proportion that will equalize signal power levels received at said base station fiom

each of said mobile.

18.  In a communications system including at least one base station and a plurality of
mobiles for communicating with said at least one base station, a power control system,
comprising:

each mobile having a transmitter; and
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means, for .regul ating the power {evels of signal transm ssions fromsaid
base station to achieve approximately the sanme signal-to-interference

rati os at each nobile from said base station, and neans responsive to the
power |evels of signal transm ssions from said base station for adjusting
the power level of signals transmtted f5omsaid nobiles to said base
station to achieve approximately the sane signal-to-interference ratios at
said base station for all of said nobiles, wherein said adjusting neans

i ncreases the power |evel of signals transmtted fromsaid nobiles to said

base station in sakbipcasatidhaing means Fowaltefing bave trahaviakr pdwes ingnsthitted to
transm ssions from said base station. 26. In a comruni cati ons system

i ncl udi g adach Ssblle 08 prodaSe forl @bk RHobAd G &nﬂﬁﬂnﬂhﬁ%ﬂe%ﬂ&ﬁ Wahﬁﬁitﬂapfmwct

communicating with salrd at | east one base statio a power control system
conpri si ng: S,.f- r at i e _power. ] evel s of .signal . 1.SSi ons
from said brggn@?gtdﬁt?%dnprgggrlngﬁ bf gm{l I?)asc ransmltger. power and tﬁcrg)yato uﬁs'ﬁ%gts Rt
mobile to regulate its mobile transmitter power,
wherein each mobile further comprises:
means for detecting alterations in received signal strength of a corresponding
signal transmitted to said mobile in proportion to total signal strength of all signals received
from said base station, and

means for changing said mobile transmitter power based on said detected

alternations.

19.  The power control system as in claim-18, wherein said changing means changes said
mobile transmitter power as a function of a ratio of a strength value of a signal intended for

said mobile 1o 2 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 ranﬁng from greatest to least signal strength values to all signals transhitted o
said mobiles and wherein said changing means increases said mobile transmitter power if its
relative rauking increases and decreases said mobile transmitter power if its relative ranking

decreases.
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to achi eve approximately the sanme signal-to-interference ratios at each
mobi I'e fr'om sai d base 'station, and neans responsive to the power |evels of
signal transm ssions fromsaid base station for adjusting the power |evel
of signals transmtted fromsaid nobiles to said base station to 28
achi eve approximately the same signal -tgginterference ratios at said base
station for all of said nobiles, wherein each nobile includes: a receiver,;
means for detecting periods of silence in conmunications fromsaid base

21. A system according to claim 18, said changing means including:
means for storing in table form a nos-linear power distribution function, and
means for determining said chz;nged mobile transmitter power based on said

non-linear function.

22. A system according to claim 21, wherein said base station includes meags for
generating and transmitting a modification command,
and wherein each mobile further includes means for modifying said sto_ring ‘theys in

each mobile to adapt said non-linear function.

23.  Ina communications system including at least one base station and a plurality of
mobiles for communicating with said at lcast%one base station, a power control system,
comprising:

each mobile having a transmitter; and

said hase station having means for altering base transmitter power transmitted to
cach mobile to produce, for each mobile, a corresponding base station transmitter power
that is a desired proportion of total base transmitter power and thereby to instruct each
mobile to regulate its mobile transmitter power,

wherein each mobile includes:

4 receiver; .
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station to any nobile; and neans for deactivating processi-ng by said nobile
receiver ‘of any signal detected to be silent. 27. In a comuni cations
systemincluding at | east one base station and a plurality of nobiles for
comuni cating with said at | east one base station, a power control system
conprising: neans for regulating the power |evels of signal transm ssions
fromsaid base station to achieve approxgmtely the sane
signal-to-interference ratios at each nobile fromsaid base station, and
means responsive to the power |evels of signal transm ssions from said base
station for adjusting the power level of signals transmtted fromsaid
mobi | es to sai d basemsans; pefpleddo saidirecevenfpF dstecting Pexjodsiad silence in
signal -to-interference ratios at said base station for all of said nobiles,
communications from said base station to any mobile; and
means, coupled to said detecting means and to aid receiver, for deactivating

processing by said receiver of any signal detected to be silent.

24.  In a communications system including at least one base Station and a plurality of
mobilcs for communicating with said at least one base station, a power control system,
comprising:
each mobile having a transmitter; and
said base station having means for altering base transmil(cr power transmitted to
each mobile to produce, for each mobile, a corresponding base station transmittef: powér
that is a desired proportion of total base trangmitter power and thereby to instruct each "
mobile to regulate its mobile transmitter powier,
wherein the system further comprisest
means for achieving approximately the same signal-to-intcrfcrenoe ratios at
said base station for all of said mobiles, and
mcans for regulating the puwer of signal Hms@ssiom from said base-station
to achieve approximately the same signal-to-interference ratio at each mobile from said base

station.
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Wherein each nobile further conprises. 29 nmeans feor detecting signal
strength of si gnals transmtted from sal d base station intended for each
nmobi | e; and neans, coupled to said signal strength detecting neans, for
ranki ng said detected signal strengths in order to relative signal strength
fromgreatest to weakest signal strength, y\herei n said adjusting nmeans
adj usts the power |evel of signal transni%si ons from each nobil e based on
said relative signal strength ranking. 28 A system according to claim
27, each nobile further conprising: transmssion neans for transmtting a
mobi | e si gnals_ f rm%ﬁhﬂxuwh&ﬁ syMBR iSRS Atdeast one base station an a plurality of
mobiles for commumcatmg with said at leas_t one base station, a power coatrol syst§lm
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 transinitted from said mobiles to said bas¢'station to
achieve approximately the same signal-to-interference ratios at said base station for all of
said mobiles, wherein said adjusting means increases the power level of signals transmitted

from said mobiles to said base station in respdnse to an increase in power level of sigoal

iransmissions from said base station.

26.  Ina communications system including at least one base station and a plurafityi of
mobiles for communicating with said at least one base station, a power control system
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 transq’fi_ssions from said base:station

for adjusting the power Jevel of signals transmitted from said mobiles to said base station to
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adj usting neans, connected to said ranking neans, gradually adjusts power

of edch nobile's transmtter based on said relative ranking. 29. A system
according to claim 27, wherein said adjusting nmeans increases the power

| evel of signal transm ssions fromnobiles that determne its respective
signal strength received fromthe base station to have increased, and

decreases the power |evel of signal tra 1 ssions from nobil es that
determne its respective signal strength received fromsaid base station to
have decreased. 30. A systemas in claim?27, wherein said ranking nmeans

includes: mean for sorting values of said detected signal strengths in an
order fromaghieed §Ffrotithatehnehs tsamesigndl-to-iftecference ratioS at said base station for all of

said mobiles,
wherein each mobile includes:
a receiver;
means for detecting periods of silence in communications from saidbase
station to any mobile; and
means for deactivating processing by said mobile receiver of any signal

detected to be silent.

27.  In a communications system including at least one base station and a plurality of
mobiles for coxnrnunicatin.g with said at least one base station, a power control system
comprising:
means for regulating the pbwcr levels of signal transmissions from said base station '
to achieve approximately the same signal-w-ihtcrferenoe ratios.at cach mobile from said
base station, and -
means responsive to the power levels of sigual transmissions from said base station
for adjusting the power levcl of signals wrapsmitted from said x_i__mbiles to said bas€station to
achieve approximately the same signal-to-interference ratios at-said base station for all of

said mobiles,

wherein each mobile further comprises:
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30 neans for selecting nobile transm ssion power |levels froma
predet ermined | ook-up table stored in a ncnory based on a position of a
- nobile's signal strength value in said sorted order. 31. Ina
comuni cations systemincluding at | east one base station and a plurality
* of nmobiles for communicating with said at 4east one base station, a power
control system conprising: means for regd%ating the power | evel of signal
transm ssions from said base station to achieve approxi mtely the sane
signal-to-interference ratios at each nobile fromsaid base station, and
means responsive to the power levels of signal transm ssions from said base
station for adjusti ngeniefopdwedtingsignhl Dfengthy 0fdignaly wasmitted dtbok sdbasei -d

nobil es to said base station to
station intended for cach mobile; and
meaps, coupled to said signa]-:‘suen'gﬂm detecting means, for ranking said
detected signal strengths in order to relative sigual sirength from greatest to weakest signal

strength, wherein said adjusting mcans adjusts the power level of signal transmissions from

each mobile based on said relative signal stré_ngth ranking.

28. A system according to claira 27, eaclf mobile further comprising:
transmission means for transmitting d.mobile signal from said mobile, wherein said
adjusting means, connected to said ranking picans, gradually adjusts power of each

mobile’s transmitter based on said relative rapking.

29. A system according to claim 27, wherein said adjusting means increases the power
level of signal transmissions from mobiles that determine its respective signal strength
received from the base station to have incrcased, and decreases the power level of signal
transmissi_bns from mobiles that determine its respective signal strength received from said

base station to have decreased.

30. A system as in claim 27, wherein said ranking means inchudes:
mean for sorting values of said detected signal strengths in an order from greatest to

fowest, and
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achi eve approxi mately the same signal-to-interference ratios at said base
station for all of said nobiles, wherein said regul ati ng neans incl udes

- means for conputing a power |evel for each nobile as a function of a ratio

of each nobile's signal strength value to a nmean of other nobile's signal

strength val ues. 32. In a communi cations systemincluding at | east one
base station and a plurality of nobiles B8r comunicating with said at
| east one base station, a power control system conprising: 31 neans for

regul ati ng the power |evels of signal transm ssions fromsaid base station

means for selecting mobile wansmiskion power levels from a predetermined look-up

table stored in a memory based on a positioh of a mobile's signal strength value in said

sorted order.

31.  In a conununications system including at least one base station and a plurality of

mobiles for communicating with said at least one base station, a power control systent

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 statiou, and

means responsive to the power levels jof signal transmissions from said ba<e station

for adjusting the power lcvel of signals transmitted from said mobiles to said base station to
achieve approximarely the same signal-to-interference ratios at said base station for all of
said mobiles,

wherein said regulating means includes means for computing a power fevel for each
mobile as a function of a ratio of each mobile's signal strength value to 2 mean of other

mobile's signal strength values.

32.  In a communications system including at least one base station and a plurality of
mobiles for communicating with said at least one base station, a power control systen

comprising:
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to achi eve approxi mately the sanme signal-to-interference ratios at each
mobi | & fidm sai d base station, and neans responsive to the power |evels of
signal transm ssions from sai d base station for adjusting the power |evel

of signals transmtted fromsaid nobiles to said base station to achieve
approximately the same signal-to-interference ratios at said base station
for all of said nobirles. wherein each mpbile includes: neans for storing in
table forma non-linear power distribution function, and neans for
determning a nobile transmitter power based on said non-linear function.

33. A system as described.in claim 32, wherei n said base station includes
means for gener @ﬁéaﬁﬂf&"t@gﬁlitﬁﬁstﬂé povérdery ﬁ”ksﬁm'ﬂ@aid%ge Wr? In
each nobil e includes neans, ‘responsive to sald nodi f1 cati on conmmand

to achieve approxunatcl:y_.ime same signal-to-interference ratios at each mobile from said
- base station, and .
means tcs'pons_iv;é to the power levels of signal transmissions from said base station
for adjusting the._powcr:léﬂirel of signals tranjmitted from said mobiles to said base station to
achieve approxixnatel)';'-tl;_'le. same signal-lo-interference ratios at said base station for all of
said mobiles. |
wherein each x'_pgbile includes:
means for storing in table form a non-linear power distribution function, and
means for ;__dcténn_jning a mobile transmitter power based on said non-linear

function.

33. . A systemas described in claim 32, wherein said base station includes means for

gencrating and transrmttmg a modi ﬁcanon cofumand; and
wherein each mobﬂc includes means, responsive to saJd modification comimaiid; for

modifying said storing means in each mobile to adapt said non-linear function.
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nDdlfylng sai d storlng means in each nobile.to adapt said non-linear
funct’i on.*

32

DUPLEX POWER CONTROL IN A CELLULAR MOBILE
RADIO TELEPHONE SYSTEM

ABSTRACT OF THE DISCIOSURE

- Measurements of mobile signal strength received
at the base station are used to determine the
portion of power that should be transmitted by the
base station to a particular mobile. Each of a
plurality of mobiles measure the relative strength
of the base station signal specifically intended for
that mobile. The relative strength is compared to
either the total base station signal power or to a
cumulative ranking of the power of signals intended
for other mobiles. That comparison is used to
determine whether the mobile should increase or.
decrease its power.

Figure 3
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