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Field of the Invention This invention relates to nulti-channel

signal anplification systens in a conmunication systemand to a nmethod and

apparatus. for increasing the average power. jhandl i ng capacity of such a

mul ti-channel signal anplifier relative to its peak power rating. It is
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occurrences of very high envFHBPEAKHTO-AVERAGEPOWERUI ti channel signal.
IN MULTI-CARRIER RF COMMUNICATION SYSTEMS

Field of the Invention

This invention relates to multi-channel signal amplification systems in a
communication system and to a method and apparatus for increasing the average
power handling capacity of such a multi-channel signal amplifier relative to its peak
power rating. It is also concerned with preventing variations of the phases of
individual carrier signals comprising the multiple channel signal from causing
occurrences of very high envelope signal peaks in the multichannel signal.
Background of the Invention |

In wireless telephone communication systems the power signals of
many channels are combined into a composite signal. This composite signal is split
into many parallel paths and coupled to individual radio transmitters in each parallel
path. The output radio transmission signals of the plurality of radio transmitters are
combined and amplified in a single power amplifier. Individual signal peaks in each
of the parallel paths may coincide and cahse_ a composite peak power to occur at the
sirigle power amplifier that greatly exceeds its power handling capacity.

The various radio channels are distributed in frequency with respect to
each other in that each operates within a different frequency band. - Each channel is
FM modulated and hence has a signal of substantially constant amplitude. The peak
occurrences of the combined signal is a highly complicated fnction of the
individual carrier frequencies, modulation methods, signal contents and noise. Since
the simultaneous occurrence of individual signal peaks can not easily be avoided, a
multi-channel signal is subject to power maximums where the peak power
significantly exceeds the average power of the envelope due to constructive addition
of the individual signals. o

U.S. patent 4,064,464 discloses an amplifier system, including a power
splitter for dividing an input signal into a plurality of channels and feeding each
channel into a plurality of power amplifiers connected in parallel. The several output
of the parallel connected power amplifiers are combined into a single output by a
subsequent power combiner connected to the paralleled outputs of the power
amplifiers. The input to one of the paralleled amplifiers includes a voltage controlled
phase shifter that is responsive to a deviation of the power output of the power
combiner from a reference value. This feedback arrangement maintains the power
output at a regulated value. This is however, an amplification technique having

REPLACED SHEETS - 71 SG
1 Description : paged ........ to paged ... 5.... .
M Claim(s)  :paged..l... 1o paged ..z.....
W) Drawing(s) : paged A5 o paged .%..... -
i Absiract :paged ..M. to paged 7.
¥ BECEIPT oo




BaceroUnd of the Invention In wirel ess tel ephone communication
systens the power signals of many channels are conbined into a conposite
signal. This conposite signal is split into many parallel paths and coupl ed
to individual radio transnmitters in each parallel path. The out put radi o
“transm ssion signals of the plurality of tadio transmtters are conbined
and anplified in a single power anplifier. Individual signal peaks in each

of the parall e.I COi. NCi use osi t e peak wer to _'
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In the Drawmg

FIG. 1 is a block schematic of an amplifier system control arrangement
to limit the peak to average power ratio;

FIG. 2 is a block schematic of an another amplifier system control
arrangement to limit the peak to average power ratio; '

FIG. 3 is a block schematic of a stored program controller used in the
amplifier control systems of FIGS. 1 and 2;

FIGS. 4 and 5 are graphs of waveforms of envelope power processed by
the amplifier system; and '

FIG. 6 is a flow process diagram of the method of reducing the peak to
average power ratio. :

Detailed Description _

An exemplary system for reducing the peak to average power in an
amplifier processing a plurality of different signal channels spaced apart in frequency
from one another; each channel having a different carrier frequency is shown in the
FIG. 1. The apparatus shown is included in a cellular base station in which the phase
locked radios each handle a different channel in the channel set assigned to the cell
served by the cellular base station.

A plurality of phase locked radio transceivers, 101, 102 103 and 104,
are connected to receive audio and data designated as information signals. These
signals are FM modulated and transmitted at different carrier frequencies for each of
the phase locked transceivers. The FM signals (radio frequency output signals) are
individually transmitted, via leads 111, 112, 113 and 114, to a combiner circuit 106
that combines all the modulated carrier signals into a composite modulated signal
including all the information supplied to the radios 101-104. This composite signal
is applied to the preamplifier 107 and subsequently to a linear amplifier 109 which
amplifies the composite signal to a radio transmission level. The linear amplifier
output is connected to an antenna 110 for transmission to the cell area.




U S. patent 4,064, 464 discloses an anplifier system including a power
splitter for dividing an input signal into a plurality of channels and

f eedi ng each channel into a plurality of power anplifiers connected in
parallel. The several output of the parallel connected power anplifiers are
conbined into a single output by a subsequgnt power conbiner connected to
the paralleled outputs of the power anplifiers. The input to one of the
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generator 121 is applied to a signal splitter apparatus 122 which applies the reference
frequency signal onto the four leads 123, 124, 125 and 126. These four leads are
~ coupled to the voltage controlled phase shifters 131, 132, 133 and 134, whose
operation is discussed subsequently. The output of the phase shifters is connected
via leads 143, 144, 145 and 146 to reference signal inputs of the phase locked radios
101-104. | -
In this illustrative arrangement the carriers of the transceivers are
equally spaced apart in frequency. In this instance, the peak to average reduction is
most advantageous. Each radio is locked to the same reference frequency supplied
to the leads 123-146. Due to thermal effects in the phase locked loops, the carrier
frequencies drift with respect to each other and, as shown in FIG. 4, the peaks of
several carriers may coincide in time producing a high peak envelope power in the -

linear amplifier. In general, the envelope of the combined signals are periodic at the

rate of }__ is the frequency spacing between carriers. These envelope peaks may

exist for extended periods of time, which is associated with the thermal draft of the
phase locked transceivers.

The power input to the linear amplifier 109 is sensed By the coupling
device 151 which is connected to an average power detector 152 and a peak power
detector 153. The values for average power and peak power are applied toa
controller 161. The Controller, which may be implemented in either digital or analog
form, continuously monitors the peak power to average power ratio of the signal
processed by the linear amplifier 109. Controller 161 includes circuitry to evaluate
this ratio and uses the information to apply control voltages, via leads 171, 172, 173
and 174, to the voltagé controlled phase shifters 131-134. In the illustrative
embodiment this control circuit may comprise stored program control, logic arrays
or ahalog circuitry.

In the arrangement of FIG. 1,a 1 to 3 degreé phase shift of the reference
frequency inputs corresponds to a 60 to 180 degree phase shift at the RF outputs
since the ratio of the radio frequency to the reference frequency is equal to 60. The
phase shift for each individual carrier is applied to the corresponding reference
signal input to which the radio carrier is synchronized. In the illustrative
embodiment this reference frequency is in the 15 MHz range.



-2- individual anplifiers in each of a plurality of channels rather than
anplifying a conbined signal of a plurality of channel s of radio

transm ssion signals in a single anplifier. Summary of the Invention

In accord with the invention peak power in an anplifier, anplifying the
power output of a plurality of parallel cognected radio transmtters is
limted according to the apparatus claim 1 and the nethod claim 2. Bl’le];;. .
Description of the Dra In the Draw n FI
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fluctuations of the envelope power, perhaps 100 mS. The peak power is that power
detected by a classical video diode peak detector, which stores the peak value in a
capacitor which decays at a rate somewhat slower than the frequency of occurrence
of the peaks.
| By measuring both the peak and average powers, the controller of FIG.
3 can compute the peak to average ratio of the signal and optimize for a minimum
ratio. The hardware implementation, as shown in the FIG. 3, includes two analog to
dlgltal converters, 301 and 302 which receive input from a peak detector (153 in
FIG.1) and an average power detector (152 in FIG. 1) respectively, and apply a
digitized version of the peak and average power to a microprocessor. The
microprocessor includes associated RAM (304) and ROM (305) memory capacity,
which provide memory storage and stored instructions for controlling the processing
of the-sensed power signals and generating the output control signals to control the
phase shifting circuitry (131 - 134 in FIG.1). The microprocessor 303 feeds digital
phase shift control signals to one or more of a set of digital to analog converters 331
- 334 which in turn supply analog control signals to control the phase shift circuits
131-134 shown in FIG. 1. While the illustrated controller uses a microprocessor and
- digital signals it is to be under stood that a completely analog controller can be used,
with sample and holds and comparators and op amps.

Optimization of the peak to average power ratio is done with a
successive trial and error procedure, since the correlation between phase of a given
radio and the peak to average ratio of the combined radio signal is very complex, and
because the absolute phase of a given radio is not eésily controllable. The controller
adjusts one or more of the phase shifters at a time, then monitors the peak to average
ratio. If there is an improvement (decrease) in the peak level. the controller continues
phase adjustment in the same direction. When a minimum peak to average ratio is
achieved, as evidenced by a dip in the peak power envelope, the controller stops
adjustment of that phase shifter and goes on to the next phase shifter in sequence.
Each phase shifter is set in sequence, and then the controller repeats the cycle. In
some applications it may be sufficient to-just monitor the peak value of the power
envelope. |



FIGS. 4 and 5 are graphs of waveforns of envel ope power processed by the
anplifier system and - FIG 6 is a flow process diagram of the
met hod of reducing the peak to average power ratio. Detailed Description
An exenplary system for reducing the peak to average power in an anplifier
processing a plurality of different signalggchannels spaced apart in
frequency from one anot her, each channel having a different carrier
frequency is shown in the FIG shown is jncluded in a
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measurement is greater than some minimum quantum phase value. This quantum

value is an absolute value of phase change below which the phase of the current

radio is considered to be optimum.

If the absolute difference in decision block is greater than the minimum
quantum phase value the flow proceeds to decision block 609 whose instructions
determine the most recent peak/average ratio is greater than the previous
peak/average value. If it is not the phase of radio N is changed by some quantum
value. The last computed peak/average ratio is made the most recent value in the
block 615 and the flow process returns to the block 603. |

If the response to the evaluation of decision block 603 is a no answer the
flow proceeds to the block 607 which changes the N designation of the radio being
adjusted to the next radio. The phase of this radio is changed as per the instructions

of block 613.

In response to an affirmative response to decision block 609 the flow
proceeds to block 611, whose instructions change the direction of the phase shift
irnpiemented. The radio phase is shifted in accord with the instructions of block 615.

The wave form, of FIG. 4 shows the occurrences of high peaks in the
multicarrier signal envelope of the type that limit the peak power handling capacity
of a linear amplifier system. The peaks 401 are significantly higher than the average
power level 402. ' '

The improvement achieved by the method and apparatus to reduce these
peaks is shown in FIG. 5 where the peaks 501 relative to the average power level 502
is much reduced compared to the FIG. 4.

An alternative arrangement for preventing high to peak-to-average
power ratios from occurring is shown in the FIG. 2. The system components are
substantially identical to those described with reference to the FIG. 1 system, but
their relative positioning is altered. The chief alteration is the positioning of the
voltage controlled phase shifters 231-234 to phase shift the carrier at the outputs of
the transceivers 201-204. This repositioning requires phase shifts in the order of 60



i ncl udi ng all the information supplied to the radios 10 1-104. This
conposite signal is applied to the preanplifier 107 and subsequently to a
linear anplifier 109 which anplifies the conposite signal to a radio
transm ssion level. The linear anplifier output is connected to an antenna
110 for transmssion to the cell area. -6-
-3 - The frequencies of the carrier si gnal sin each of the
radi os are sync zed to a ef erence frequency su d fr - reference
si gnal deri vedtoflrggrdegrqeéf‘b "é’“f’F'eg}ﬁ 3‘@ %F%‘?'P‘%ﬂgﬂ d‘f“8 % he
reference fr egopeistion of the phase shift system of FIG. 1. The controller used here is 1dent1cal to
the controller of FIG. 3 except for the phase shift increment used.




generator 121 is applied to a signal splitter apparatus 122 ' '
the reference frequency signal onto the four |eads 123, 124, \rmﬂmzmgimgnl“l“l
‘These four |eads are coupled to the voltage control |l ed phase ct eLs *
132, 133 and 134, whose operation is discussed subsequently. The output of

the phase shifters is connected via |leads 4143, 144, 145 and 146 to

reference signal inputs of the phase |ocked radi os 101-104. I n
.this iIIustra&hve arrangement the carriers of the transceivers are equally
spaced. apart i ¥Equency. In this instance, the peak to average reducti.on

i s most advant ageous. 1E&eh powet amplifidragitest fopa rdiko Fansissibe canarnicageniency
supplied to the |l eads 123-146. Due to thermal effects in the phase | ocked

| oops, the catsﬁt%‘?’;frequenci es drift with respect to each other and, as
shown in FIG 4, the pepéwendplister€l22) foralividingsnripputcompositbesigmal iritoa

produci ng a hi aﬁgﬁ& g%n kst he linear anplifier. In general,
t he envel ope c??'ﬁt cgﬁg‘}\[ﬁg méﬁgfis?‘ zlli?@’periodic at the rate of [err] is
‘the frequency spaci ng dBeweRGematiner (406) conpected Wrpmbipthesignelsamthe paraliel f or
extended peri @fignrels intd® singlel subput ShafiePeioy);ed Wi th the thermal draft of the

phase | ocked transcei VEf-fARACI‘ERIZED BY:

each of the parallel channels including a radio transmitter (101-104);

an amplifier for amplifying the signal on the single output channel
(109);

- means for monitoring a peak power level (153) of the signal on the

single output channel; '

means for monitoring an average power level (152) of the signal on the
single output channel; means for developing a ratio of peak power to average power
(161) connected to receive -inputs form the means for monitoring a peak power and
means for monitoring an average power;

means for altering phases (131-134) of the signals of the radio
transmitters in response to the means for developing when the ratio exceeds a
specified value.

2. In a power amp'liﬁer system processing a composite radio carrier
signal in a plurality of parallel channels each including a radio transmitter with the
parallel channels fed into a single channel including a single power amplifier, a
method of increasing an average power handling capacity of the single power
amplifier, CHARACTERIZED BY the steps of:

monitoring a peak power level of the single channel handled by the
single power amplifier and determining if it exceeds a power threshold;

altering a phase of one of the radio carrier signal in at least one of the
parallel channels if the peak power exceeds the threshold;

again determining if the peak power exceeds the threshold; _

altering a phase of the radio carrier signal in another one of the parallel
channels; and _ ' '

ceasing alteration of phases of the radio carrier signals when the peak
power does not attain the threshold.
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The power input to the linear anplifier 109 is sensed by the coupling

devi ce 151 which is connected to an average power detector 152 and a peak
power detector 153. The val ues for average power and peak power are applied
to a controller 161. The Controller, which may be inplenented in either
digital or analog form continuously nonitors the peak power to average
‘power ratio of the signal processed by the linear anplifier 109. Controller
161 includes circuitry to evaluate-thijazgﬁio nd uses the information to
apply control voltages, via leads 171,£1&%®« 178 and 174, to the voltage
controll ed phase shifters 131-134. In the illustrative nﬁodinént this
control circuit nmay conprise stored progranlcontrﬂ“DRMéﬁo arrays or anal og

circuitry. In the arrangenent of FIG I§|GNAIS to 3 degree phase
shift of the reference frequency inputs correspergs—to—a—66—+e6, 180 degree
phase shift the RF outputs since the ratio the radi o ffrpquency t he
reference fr angytistﬁqual to 60.dThe ph?se shift for eachLJn?iv;ﬁL b
o the correspondi ng refergnge sign n 0 [ e
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=4 A typical stored programcontroller suitable for use as
the controller is shown in the FIG 3. The controller -nonitors the average
-and peak envel ope powers of the input signal to the Linear anplifier. The
average power herein is understood to be the thermal equival ent power,
averaged over a time period |longer than the fluctuations of the envel ope
power, perhaps 100 nS. The peak power is that power detected by a cl assical
video di ode peak detector, which storfJ€he fak value in a capacitor which
decays at a rate sonewhat slower than the frequency of occurrence of the
peaks.
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By neasuring both the peak and average powers, the controller of FIG 3 can
conpute the peak to average ratio of the signal and optimze for a m ni num
ratio. The hardware inplenentation, as shown in the FIG 3, includes two
analog to digital converters, 301 and 302 which receive input froma peak
detector (153 in FIG 1) and an average power detector (152 in FIG 1)
respectively, and apply . a digitized version of the peak and average power
to a mcroprocessor. The m croprocessor includes associ ated RAM (304) and
ROM (305) nenory capacity, which provide nmenory storage and stored

I nstructions for controlling the processing of the sensed power signals and
generating the output control signals to control the phase shifting
circuitry (131 - 134 in FIG1). The Tkﬁngprogﬁssor 303 feeds digital phase
shift control signals to one or nore re.seddof digital to anal og
converters 331 - 334 which in turn supply analog control signals to control
the phase shift circuits 131-134 shown in FIG 1. Wile the illustrated

controller uses a mcroprocessor and Qi d ghals it is to be under
stood that a conpletely anal og cont fol Igt ﬁén pe used, with sanple and
hol ds and conparators and op 3ﬁﬁs. _ Optim zation_of the peak to
average power ratio is done a succespive trial and 2{531 procedure,
since the correlation| ase pof—a—lgtv-efn
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radio and the peak to average ratio of the conbined radio signal is very
conpl ex, and because the absol ute phase of a given radio is not easily
controllable. The controller adjusts one or nore of the phase shifters at a
time, then nonitors the peak to average ratio. If there is an inprovenent
.(decrease) in the peak level. the controller continues phase adjustnent in
the sane direction. Wien a mninum peak to average ratio is achieved, as
evidenced by a dip in the peak power envel ope, the controller stops

adj ustment of that phase shifter and goes on to the next phase shifter in
sequence. Each phase shifter is set in sequence, and then the controller
repeats the cycle. In sone applicatiom?#iéfw'gi sufficient to just nonitor
t he peak val ue of the power envel ope. . -

401 401

&
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POWER 402
e VRV V.V YV RAV.V.V.V
PEAKED PHASES
FIG. 5
501
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PAVG v\ ng |
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-5 The process of changing the phase of a radi o, according
to the instructions of the stored programof the controller, for a
.particular one of the radios N, is shown in flow chart formin the FIG 6.
The flow starts in the termnal 601 and the instructions of block 603 cause
t he peak envel ope and average power to be neasured and the peak envel ope to
average power ratio to be calculated. The instructions of decision block
605 determine if the absolute difference between the nost recent

peak/ average rati o neasurenent and the previ ous peak/average ratio
measurenent is greater than some m ni nrum quantum phase value. This quantu
val ue i s an absol ute val ue of phase change bel ow which the phase of the
current radio is considered toJP pt i gRIm | f the absol ute

di fference in decision block i 2. at e t han the m ni mum quant um phase

val ue the fl ow proceeds to decision block 609 whose instructions determ ne
the nost recent peak/average ratio is greater than the previous

peak/ average value. If it is not tdﬁi phase of radio N is changed by sone

- quant um
START
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val ue. The | ast conputed peak/average ratio is nmade the nost recent val ue
in the block 615 and the flow process returns to the bl ock 603.

If the response to the evaluation of decision block 605 is a no answer the
fl ow proceeds to the block 607 which changes the N designation of the radio
bei ng adjusted to the next radio. The phase of this radio is changed as per
the instructions of block 613. In response to an affirmative
response to decision block 609 theflow proceeds to block 611, whose
instructions chapggaéihe direction of the phase shift inplemented. The radio
phase is shifted—1Tn accord wiith the instructions of bl ock 615.

The wave form of FIG 4 sh¥RIHOR ANRARRPARATUSFORREDISEMNG n t he

nmul ticarrier signal envel ope ofmgmemmkhmgp@meak power handling
capacity of a |inear amigj e 1 are significantly
hi gher than the average Mﬁﬂmﬁ%ﬁ&ﬁm& ‘ﬁ%\r%‘rent
achi eved by the nethod apparawsofontomrdiling & ystem tiﬁmﬁng)eﬁhsm@n;ﬁmmm FI G
5 where the pegﬁ&; i s, much
reduced conpar g’h‘%r éﬁ@lﬁf&&m‘l’}mg’ s&(‘i’iﬁgfﬁfé i/ céﬂ'é"é’ﬁﬁﬂ?‘nf or
preventing hi ghaltess theghases-(by &3 &da4) of one or more sources of the multi-channel signals in

response to a detected peak envelope power (in 153) or of a peak to average power

(in 152) ratio at regular scheduled intervals. This reduces the peak envelope power

to average envelope power ratio and enables the reduction in the power rating

required by the amplifiers handling the multi-channel signal.
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poweu rati os from occurri ng is shown in the FIG 2. The system corrponenfpg

ar’e substantial |y |dent|cal to t hose described with reference to the FIG 1
system but theijry rglatl ening is altered. The chief alteration is

t he positioning of the'v ItagéE&)'U) troll ed phase shifters 231-234 to phase
shift the carrul!‘ai‘ AiDput s 6f the transceivers 201-204. This
repositioning requires phase shitts in the order of 60

-6- to 180 degrees to be effective. Othe8w se the operation is
substantial |y Absfirtaetr to the operation of the phase shift systemof FIG 1.

The controller used here igpETIRHH A AFPARATUS FOR REDUCING
THE PEAK-TO-AVERAGE POWER

IN MULTI-CARRIER RF COMMUNICATION SYSTEMS

Apparatus for controlling a system including a linear amplifier (109)
processing a plurality of carrier signals (111-114) of a multi channel carrier system
alters the phases (by 131-134) of one or more sources of the multi-channel signals in
response to a detected peak envelope power (in 153) or of a peak to average power
(in 152) ratio-at regular scheduled intervals. This reduces the peak envelope power
to average envelope power ratio and enables the reduction in the power rating
required by the amplifiers handling the multi-channel signal.

FIGURE 1.
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the controller of FIG 3 except for the phase 'shift increnment used.
7.-7- We claim . In a power anplifier systemin which an

i ndi-vidual anplifier processes a plurality of signal channel carriers
each assigned different frequencies and spaced from one

FIG. 1
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.anot.her by frequency differentials small in magnitude as conpared with the
~assigned different frequencies, a nethod of increasing the average power

handl ing ca- pacity of the anplifier; conprising the steps of:
‘monitoring a peak power |evel of the conbined sig- nal s processed by
the amplifier; determning if the peak power is equal to or greater
than a power threshold; altering a phase of at |east one of the carriers
if the peak power is equal to orlglg%ter han t he power t hreshol d;
again determning if the peak power val™~t o or greater than the
power threshold; altering a phase of additional carriers if the peak
power is equal to or greater |NFORMATION power thresh- ol d;
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'ceasfod alteration of phases of the carriers when the peak power drops

bet ow t he threshol d. 2. In a power anplifier in which an individual
anpl.i- fier processes a plurality of signal channel carriers each equally
spaced fromone another by simlar frequency differentials, a nethod of
I ncreasi ng the average power handling capacity of the anplifier, conprising
the steps of: nonitoring a peak power |ev of .the conbi ned si g- nal s
processed by the anplifier; determning rf the peak power is equal to or
greater than a power threshold; altering a phase of at |east one of the
carriers if the peak power is equal to or greater than the power
threshold; again determning if the peak power is equal to or greater
t han the power threshol d; }ﬂ[(;. é;
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altering a phase of additional carriers if the peak power is equal to or
greater .than the power thresh- old; ceasing alteration of phases of the
carr.iers when the peak power drops below the threshold.

- 8- 3. In a power anplifier systemin which an-individual anplifier
processes a plurality of signal channel c%rri ers
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each assigned different frequencies and spaced from one anot her by

frequency differentials small in magnitude as conpared with the assigned
different frequencies, a nethod of increasing the average power handling
ca- pacity of the anplifier; conprising the steps of: nonitoring a peak
power |evel and an average power | evel of the conbined signals
processed by the anplifier and detepmn ni ng a ratio of the peak power
to the average power; altering a phase of at |east one of the carriers
and determining if the ratio of the peak power to the aver age power
I's reduced froman existing val ue; altering a phase of additional
carriers and determ n- ing Lf_the ratio of the peak power to the

aver age power is reduced fi&ﬁén eésti ng val ue; ceasi ng

alteration of phases of the carriers when the
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ratio of the peak power to mnmm I S not further r i edl .zes
4.-A systemfor reducing th ﬂl HIEWIHW _poyer-fatio-in-an anplifier ..

processing a plurality of diffefert dignal *channel, A

€ AN

avi ngGa

3 o paped
FP |fe akicld L.

different carrier frequency, conprising. =~ a plurgli i
transcei vers connected to receive FM nmodul at €d si@ne: iedilgrialimpad 4.
different car- rier frequencies for gaéh-of fth adigitinanstel.versged. . a |
plurality of phase shifters equal in nunber to and-:iswgach wonhectechabe ;
one of the plurality of radio transceivers;i a conbiner for conbining !
all the nodul ated infornma- tion signals intp asconpositerimduhpiad f

~ ot -ated |

si gnal ; an anplifi eWeclamected to anplify the conposite—

signal to a radio trahsii #powerlatislifier systan ih wisicHw @dividbaFensi ng power

i nput to the

amplifier processes a plurality of signal channel carriers
each assigned different frequencies and spaced from one
another by frequency differentials small in magnitude as
compared with the assigned different frequencies, a
method of increasing the average power handling ca-
pacity of the amplifier;

comprising the steps of:

monitoring a peak power level of the combined sig-

nals processed by the amplifier;

determining if the peak power is equal to or greater -
than a power threshold;

altering a phase of at least one of the carriers if the
peak power is equal to or greater than the power
threshold;

again determining if the peak power is equal to or
greater than the power threshold;

altering a phase of additional carriers if the peak

pf)dx’ver is equal to or greater than the power thresh-
o - a ’

ceasing alteration of phases of the carriers whea the
peak power drops below the threshold.

2. In a power amplifier in which an individual ampli-
fier processes a plurality of signal channel carriers each
equally spaced from one another by similar frequency
differentials, 2 method of increasing the average power
handling capacity of the amplifier;’

comprising the steps of:

monitoring & peak power level of the combined sig-

4 nals procmsed1f by the amplifier; _

etermining if the peak er is to or'greater

than a power thrshol!c,!?w squal e .

altering a phase of at least one of the carriers if the
peak power is equal to or greater than the power
threshold; .

again determining if the peak power is equal to or
greater than the power threshold;

altering a phase of additional carriers if the peak

' plcswer is equal to-or greater than the power thresh-

) 4 '

ceasing alteration of phases of the carriers when the

peak power drops below the threshold.
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anplifier

a peak power detector and average power detect

to the cohpl I ng devi ce; a controller connected to the pe Hm j i] ilml
and to the average power detector for nonitoring t he p
power ratio and applying con- trol signals to each of phase shifters

t he peak-to-average ratio by shifting a phase of a
signal in individual channels. - 8

for reducing

3. In a power amplifier system in which an mdwxdual
amplifier processes a plurality of signal channel carriers
each assigned different frequencies and spaced from one
another by frequency differentials small in magnitude as
compared with the assigned different frequencies, a
method of increasing the average power handling ca-
pacity of the amplifier; -

comprising the steps of:

monitoring a peak power level and an average power

level of the combined signals processed by the
amplifier and determining a ratio of the peak power
to the average power;

altering a phase of at least one of the carriers and

determining if the ratio of the peak power to the
average power is reduced from an existing value;

' dtcring a phase of additional carriers and determin-
ing if the ratio of the peak power to the average
power is reduced from an existing value;

ceasing alteration of phases of the carriers when the

ratio of the peak power to the average power is not
further reduced.

- 4. A system for reducing the peak-to-average power |
ratio in an amplifier processing a plurality of different
- signal channels, each channel having a different carrier

frequency, comprising:

a plurality of radio transceivers connected to receive
FM modulated information signals at different car-
rier frequencies for each of the radio transceivers;

a plurality of phase shifters equal in number to and
each connected to one of the plurality of radio
transceivers;

a combiner for combining all the modulated informa-
tion signals into a composite modulated signal;

an amplifier connected to amplify the composite
modulated signal to a radio transmission level;

a coupling device for sensing power input to the
amplifier;

'a peak power detector and average power detector
connected to the coupling device;

a controller connected to the peak power detector
and to the average power detector for monitoring
the peak to average power ratio and applying con-
trol signals to each of phase shifters for reducing

the peak-to-average ratio by shifting a phase of a

signal in individual channels.
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-9- 5. A systemfor reducing the peak-to-average power o 1
anplifier processing a plurality of different signal channjl“m‘lﬂﬂg.“ﬂmml .
having a different carrier frequency, as clainmed in claima4} w oS
each of the plurality of phase shifters are each con- nected to an

I nput of one of the radio transceivers. 6. A systemfor reducing the
peak-to-average power ratio in an anplifte® processing a plurality of

di fferent signal channels, each channel having a different carrier

frequency, as-clainmed in claim4, wherein: each of the plurality of phase
shifters are each con- nected to an output of one of the radio

transceivers. 5. A system for reducing the peak-to-average power
ratio in an amplifier processing a plurality of different
signal channels, each channel having a different carrier
frequency, as claimed in claim 4, wherein:
cach of the plurality of phase shifters are each con-
nected to an input of one of the radio transceivers.
6. A system for reducing the peak-to-average power
ratio in an amplifier processing a plurality of different
signal channels, each channel having a different carrier
frequency, as claimed in claim 4, wherein:
each of the plurality of phase shifters are each con-
nected to an output of one of the radio transceivers.
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Abstract
METHOD AND APPARATUS FOR REDUCING
THE PEAK-TO-AVERAGE POWER

IN MULTI-CARRIER RF COMMUNICATION SYSTEMS

Apparatus for controlling a system including a linear amplifier (109)
processing a plurality of carrier signals (111-114) of a muiti channel carrier system
alters the phases (by 131-134) of one or more sources of the multi-channel signals in
response to a detected peak envelope power (in 153) or of a peak to average power
(in 152) ratio at regular scheduled intervals. This reduces the peak envelope power
to average envelope power ratio and enables the reduction in the power rating
required by the amplifiers handling the multi-channel signal.

FIGURE 1.




