Office de la Propriete Canadian CA 2109063 C 2002/12/17

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 1 09 063
Un organisme An agency of

d'Industrie Canada Industry Canada 12 BREVET CANADIEN

CANADIAN PATENT
13) C

(86) Date de dépot PCT/PCT Filing Date: 1993/02/25 (51) Cl.Int.°/Int.CI.° HO3F 1/32, H04B 1/04
(87) Date publication PCT/PCT Publication Date: 1993/09/16| (72) Inventeurs/Inventors:

T . WRAY, ANTONY JOHN, GB;
(45) Date de delivrance/lssue Date: 2002/12/17 VALENTINE STEP EN THOMAS GB:

(85) Entree phase nationale/National Entry: 1993/10/22 BRIDLE, IVIATTH W QUINTON, GB

(86) N” demande PCT/PCT Application No.: EP 1993/000430| (73) Propriétaire/Owner:

(87) N° publication PCT/PCT Publication No.: 1993/018581 MOTOROLA LIMITED, GB

(30) Priorité/Priority: 1992/03/02 (9204497 .3) GB (74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : AMPLIFICATEUR DE PUISSANCE RF A LINEARISATION
54) Title: RF POWER AMPLIFIER WITH LINEARIZATION

10 11
: ~ ISOLATOR
,, UP- .
) LINEARISER CONV —( )15
AV 4
- 14
DOWN— 13 —~17
CONV
21 ]
CHANNEL LINEAR | ANTENNA |
FREQ CONTROLLER | SWITCH |
22
2 . CAFE‘B%SPIAN .
BATTERY LEVEL I |
INFO , LOOK UP TABLE 0
UNIT TEMP 24
INFO
OTHER INFO

LINEARISER BLOCK DIAGRAM

(57) Abrége/Abstract:

A radio transmitter is provided comprising: a power amplifier (12); linearizing means (10) for maintaining linearity in the power
amplifier; and feedback means (13) for feeding a signal from an output of the power amplifier to the linearizing means for
maintaining linearity, said amplifier, linearizing means and feedback means forming a loop having adjustable loop linearization
parameters (for example phase and gain); a look-up table (19) for storing predetermined loop linearization parameters; and
control means having an operating condition input, said control means being coupled to the look-up table and the loop for
selecting a loop linearization parameter Iin response to a transmit control signal according to an operating condition input, such
as battery level or temperature, to the central means at the time of receipt of the transmit control signal. The Invention also
provides an adjacent channel recelver for monitoring the linearization and other factors.

a_:r;- .
Ay -%‘@3 TN FNy
e
X 3 ' ""
Q"

C an a d a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC ' CIPO
OPIC - CIPO 191 SRR




PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
international Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification S : (11) International Publication Number: WO 93/18581

o
HO3F 1/32 21080643 AL | 43) International Publication Date: 16 September 1993 (16.09.93
(21) International Application Number: PCT/EP93/00430 | (74) Agents: DUNLGOP, Hugh, Christopher et al.; Motorola,
European Intellectual Property Operations, Jays Close,
(22) International Filing Date: 25 February 1993 (25.02.93) Viables Ind. Est., Basingstoke RG22 4PD (GB).
(30) Priority data: (81) Designated States: AT, AU, BB, BG, BR, CA, CH, DE,
9204497.3 2 March 1992 (02.03.92) GB DK, ES, FI, GB, HU, JP, KP, KR, LK, LU, MG, MN,
MW, NL, NO, PL, RO, RU, SD, SE, US, European pa-
tent (AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, |
(71) Applicant (for all designated States except US): MOTORO- LU, M(C, NL, PT, SE), OAPI patent (BF, BJ, CF, CG,
LA LIMITED [GB/GBJ; Jays Close, Viables Industrial Cl, CM, GA, GN, ML, MR, SN, TD, TG).
Estate, Basingstoke RG22 4PD (GB).
(72) Inventors ; and Published
(75) Inventors/Applicants (for US only) : WRAY, Antony, John With international search report.

{GB/GBY; 33 Scarlatti Road, Hatch Warren, Basingstoke
RG22 4LY (GB). VALENTINE, Stephen, Thomas [GB/
GBJ; 204 Britten Road, Brighton Hill, Basingstoke RG22
4HR (GB). BRIDLE, Matthew, Quinton [GB/GB]; 6
l\éagpie Close, Kempshott, Basingstoke RG22 5QG
(GB). |

fuieies

{(54) Title: RF POWER AMPLIFIER WITH LINEARIZATTION

10 1l
- ' 1 ISOLATOR
UP--
o |FINEARISER CONV > ()
\4
13 17

21
CHANNEL (| = LINEAR ANTENNA
FREQ CONTROLLER SWITCH
22~ 23
| carTESIAN
DALIERT s | LOOK UP TABLE
UNIT TEMP |~24
INFO
OTHER INFO
(57) Abstract LINEARISER BLOCK DIAGRAM

A radio transmitter is provided comprising: a power amplifier (12); linearizing means (10) for maintaining linearity in the
power amplifier; and feedback means (13) for feeding a signal from an output of the power amplifier to the linearizing means for
maintaining linearity, said amplifier, linearizing means and feedback means forming a loop having adjustable loop linearization
parameters (for example phase and gain); a look-up table (19) for storing predetermined loop linearization parameters; and con-
trol means having an operating condition input, said control means being coupled to the look-up table and the loop for selecting
a loop linearization parameter in response to a transmit contirol signal according to an operating condition input, such as battery
level or temperature, to the central means at the time of receipt of the transmit control signal. The invention also provides an adja-

cent channel receiver for monitoring the linearization and other factors.
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5 This invention relates to a radio frequency power

amplifier employing a linearization technique.

10 Future mobilile radio systems will be required to improve
their spectral efficiency beyond that which currently exists
today. This will mean that modulation schemes in which the
information is carried in both the transmitted signal
amplitude and phase will increasingly become required. 1In

15 order to conserve spectrum and to coexist with current radio
systems the transmitters using these complex modulations will
have to be linear. For example adjacent channel interference
levels of > -60dBc in a 25kHz channelisation may be required.

20 D UM a 5t the Pric AT

One technique to achieve such power amplifier linearity
performance i1s Cartesian feedback. This technique has become
popular as it lends itself to integration on IC's.

25 The requirement for linearity (determined by adjacent

channel interference limits) and maximum power efficiency,
means that the power amplifier will have to operate as close
to the Qain'compression (clip) point as possible, but still
retain required level of linearity.

30 A known technique to measure and adjust for maximum
phase margin of the‘cldsed loop system and ﬁo identify‘the
clip point of the amplifier uses an appropriate training
sequence. Gain compression is detected by an increase in the
magnitude of the Cartesian loop error signal above a given

35 threshold. At this point the drive level control circuits
are set appropriately and linear operation is assured - i.e.
input signal is backed off.

The above technique is only suitable in future radio

products where time is available for training prior to each
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transmission. Time delays generally required to implement
training are in the order of milliseconds. To allow this
linearization technique to be implemented in systems where no
training time is allocated, an alternative approach is
required. \

In addition to achieving linearity through training,
there i1s a need for improved methods of maintaining

linearity.

pmmary of he Inventio.

According to the invention, there is provided a radio
transmitter comprising: a power amplifier; linearizing means
for compensating for non-linearity in the power amplifier;
and feedback means for feeding a signal from an output of the
power amplifier to the linearizing means for maintaining

linearity, said amplifier, linearizing means and feedback

means forming a loop having adjustable loop linearization

parameters; a look—up table for storing predetermined loop
linearization parameters; and control means having an
operating condition input, said control means being coupled
to the look-up table and the loop for selecting a loop
linearization parameter in response to a transmit control
signal according to an operating condition input to the
central means at the time of receipt of the transmit control
signal.

The loop linearization parameters may be phase and/or
gain pafameters.

The operating condition input may be channel frequency,
battery level, temperature or other information. A separate
table may be stored for different wvalues fof each of these
parameters. Thus, when operating at half the battery level,
a table may be selected relating to that battery level.

There 1s preferably a temperature input receiving a
signal from a temperature sensor.

The tables preferably have settings for both phase and
gain parameters.

In a particularly preferred feature of the invention,

the look-up tabie 1s updated by measuring the actual loop
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linearization parameter, selecting an improved linearization
parameter and writing the improved parameter into the look-up
table. 1In this manner, the accuracy of the look-up tables
can be maintained with time. Moreover, by Continuously
updating the look-up tables, it is not necessary to store as
extensive a range of linearization parameters for different
operating conditions.

A phase setting is particularly sensitive to changes in
operating conditions and the look-up tables may contain more
phase parameter information than gain parameter information.
In particular, if the phase margin can always be maintained
at a maximum level, reduced adjacent channel splatter is
Observed.

For continuously measuring the phase and/or gain or
other parameter of the loop, it is particularly preferred
that receiver means are provided tuned to an adjacent
transmitter channel for measuring modulation on the adijacent
channel.

The adjacent channel receiver means may take the form of
an adjacent channel receiver coupled to the output of the
power amplifier and dedicated to the purpose of measuring the
transmitter adjacent channel power. Alternatively, the
adjacent channel receiver means may take the form of a
receiver switchable between a first receive frequency which
is separated from the’frequency of the signal from the power
amplifier by a duplex separation frequency and a second
frequency which represents the frequency of a channel
adjacent to that of the signal from the power amplifier.

In the latter of the above embodiments of adjacent
channel receiver means, it is preferred that control means
are provided for swltchlng the receiver between a recelve
frequency on a receive timeslot and an adjacent channel
frequency on a transmit timeslot and back to the receive
frequency on a subsequent receive timeslot.

Attenuator means may be provided switchable into a path

‘between the power amplifier and the adjacent channel receiver

for attenuating the signal from the power amplifier to the

adjacent channel receiver during transmission and for passing
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an unattenuated signal from an antenna during a receive mode

of operation.

[
-~ : .

‘ye

Fig. 1 shows a block diagram of a radio transmitter with
power amplifier and linearizer in accordance with a first
embodiment of the invention.

Fig. 2 shows a block diagram of a radio transmitter with
power amplifier and linearizer in accordance with a second
embodiment of the invention.

Fig. 3 shows switched attenuator circuit for switching

into the circuit of Fig. 2 at point (b).

Fig. 4 shows a TDMA timing format in which the invention

may be emploved.

LRSI C (A L IILER £ L. o

Referring to Fig. 1, there is shown a radio transmitter
comprising a linearizer 10, an upconverter 11, a power
amplifier 12, a feedback loop 13, and a downconverter 14.

The output of the power amplifier 12 is connected via an
isolator 15 and an antenna switch 16 to an antenna 17. A
linear controller 18 is provided connected to the linearizer
10, the downconverter 14 and the antenna switch 16.
Connected to the linear controller 18 is a series of look-up
tables in memory 19. The linear controller 18 has a number
of inputs of which a channel/frequency input 21, a battery
level input 22, a unit temperature input 23 and other
information inputs 24 are shown.

On accepting a request for transmission from a pﬁsh—tb—
talk (PTT) switch (not shown) or otherwise, the transmitter
power amplifier 12 is turned on. The various operating
parameter inputs 21, 22 and 23 are measured by'the controller
18 and a look—-up table 19 is selected for the measured
conditions. Thus, for a particular channel, battery level and
measured temperature (as indicated by a temperature sensor),
predetermined gain and phase settings will be downloaded fromn
the look-up table 19.
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The linearizer phase shift and drive level attenuator
settings, which are described in more detail in the paper
"Transmitter Linearization using Cartesian Feedback for
Linear TDMA Modulation" by M Johansson and T Mattsson 1991,
IEEE are set in the downconverter 14 and the linearizer 10
respectively by the linear controller 18 depending on the
values read from the look-up tabie 19. The antenna switch 16
is at this point operated using an appropriately controlled
ramp signal, having a raised cosine profile, to avoid excess
splatter to adjacent channels. Transmission of the
information (data or voice) defined by I and Q samples input

to the linearizer 10 now takes place in a stable linear

operation.

The values in the look—-up table 19 are set in the
factory by extensive testing at different temperatures
battery levels, etc.

In a2 more preferred embodiment of the invention, the

values in the look-up table are updated as the radio is used.

For a given transmission request, the loop phase and
gain parameters read from the look-up table 19 are those set
in the look-up table from a previous transmission on the

channel in question at the battery level and temperature in
question. When these values have been loaded into the

linearizer 10 and transmission begins, a comparison is made
between the I and Q values input and those received on the

'feedback loop 13 from the downconverter 14. Based on a

comparison of these values, a decision is made as to the need

for updéting the loop phase and gain parameters. If, for
example, thé“phase margin has decreased, a new phase setting
is calculated to increase the phase margin for the loop.
This hew phase éétting is now written into the particuiar
location in the look-up table 19 for the current channel,
battery level and temperature settings and replaces the
previously existing value. The new value will be used next
time a transmission is requested on that channel at that
battery level and at that temperature.

An assumption is made that changes in loop phase and
gain characteristics due to battery voltage and temperature

are independent'of one another. This allows separate look-up
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tables to be used for different battery voltage settings and
temperature settings. It is found that this is a workable
assumption, however, more expensive look-up tables can be
stored for particular battery level and temperature pairs.
The memory 19 can be arfanged in other formats.
Interpollation may be carried out between values, e.g. values
for measurements at two temperature when the temperature
sensor senses an intermediate temperature.

To allow for the linearizer adjustment, the ramp signal
to the antenna switch is delayed by an appropriate amount At;
this is to compensate for the look-up table access time and
dcwnloaded to the linearizer circuitry. This delay is
assumed to be minimal in comparison with the ramp time of the
antenna switch. Therefore when the antenna is connected to
the power amplifier output, the power amplifier is operating
at the correct level to ensure compliance with required
interference specifications.

As an alternative to sensing of loop gain and phase
settings and refreshing the look—-up table entries after each
transmission, a retraining sequence can be input to the
linearizer 10 and transmitted out of the antenna 17, or into
a load as described in co pending UK patent application
............. entitled "Radio Transmitter with Linearization
Training Sequence" file don the same date as the present
application, or transmitted. into an adjacent channel receiver
as is described’ below,

The sensing of loop gain and phase settings and
refreshing of the look-up table entries after each
transmission does not incur a time penalty and allows the
transmitter to be available at all times. The values in the
tables can be refreshed when a measured value deviafessfrom a
stored value by more than the predetermined amount, or they
can be refreshed at regular intervals.

If retraining 1s used, this can be implemented by
refreshing the look-up table entries on every power-up of the
radio, by refreshing the look-up table entries at fixed
intervals of operation in terms of absolute time or

transmission time, or refreshing the look-up table entries at

‘intervals dictated by radio transmitter conditions.
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Loop phase and drive level settings are monitored and
adjusted during transmission to take into account changing
device characteristics and the linearized power amplifier is
optimized for both stability and efficiency. The transmitter
efficiency is maximized by operating the power amplifier as
close to its gain compression point as possible, as described
in US Patent No. 5,239,692 issued August 24, 1993, ¢to
Motorola Inc. The transmitter, however, is restricted by the
amount of adjacent channel interference it should be

allowed to generate. For maximum efficiency the transmitter

must operate as close to the adjacent channel interference

limit as possible. It would be desirable to provide an

improved means for performing a “clip detect"™ operation to

find the optimum setting of loop gain for the feedback
network.

An arrangement is shown in Fig.'2 which meets the above
need and comprises a number of elements already described
with reference to Fig. 1. 1In Fig. 2, there is sﬁown a
microprocessor 30 which controls the gain (A) and phase (@)
of the feedback loop. 1In Fig. 2, a phase édjﬁster 31 is
shown separate to the linearizer 10, as is a feedback phase

detector 32. It will be appreciated that these elements are

- present in the circuit of Fig. 1, but are merely encompassed

within the linearizer block 10 of Fig. 1.

In addition to the above elements, the circuit of Fig. 2
has an adjacent channel receiver 33, or in a further
embodiment, as an alternative to adjacent channel receiver
33, a subscriber receiver 34 is provided with a control input
from microprocessor 30 for changing the receive frequency of
the subscriber receiver 34 from a receive mode (for receiving
voice/data ftom the antenna 17) to an adjacent channel
receive mode for measuring adjacent channel receive power.

Referring to the first of these alternative embodiments,

the adjacent channel receiver 33 is connected to the output

- of the power amplifier 12 and comprises an attenuator, a

downconverter to a suitable IF frequency, a mixer which taps
a signal from a main synthesizer for the radio, an IF filter,
an attenuator, a rectifier and means for measuring voltage

across the rectifier. A ceramic filter is suitable for the
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IF filter. This ceramic filter is a 25 KHz bandpass filter

tuned to a frequency 25KHz offset from the IF signal for the
corresponding transmit channel.

In the second embodiment shown in Fig. 2 in which the
subscriber receiver 34 changes between a receive mode and an
adjacent channel receive mode, operation will be described
with reference to a TDMA system having 60 millisecond frames
divided into 4 timeslots of 15 milliseconds each as shown in
Fig. 4. A transmit frame is always offset from a receive
frame and vice versa. A channel pair may comprise the first
timeslot of the transmit frame and the first timeslot of the
receive frame or the second timeslot of the transmit frame
and the second timeslot of the receive frame etc. There will
always be about 15 milliseconds between the end of a transmit
timeslot and the beginning of a receive timeslot. This
provides ample time for the microprocessor 30 to provide a

control signal to the synthesizer of the subscriber receiver

34 to cause a receive frequency change equal to the duplex

frequency separation between the transmission receive
frequencies less (or in addition to) an amount egqual to the
channel spacing. Where the duplex frequency separation is
10MHz, and the channel separation is 25 KHz, the signal from
the microprocessor causes the receiver 34 to change its
receive frequency through 9.975 MHz or 10.025 MHz. After a
recelve frame, the receiver 34 changes its fregquency to be
adjacent that of the signal being transmitted from power
amplifier 12 in a transmit frame and, after transmission, it
switches back to its appropriate receive frequency for
receiving the next timeslot from the antenna 17.

While the adjacent channel receiver 33 or the re-tuned
subscriber receiver 34 is tuned to the adjacent channel, it
is able to measure the power on the adjacent channel. If the
level of signal on the adjacent channel exceeds a threshold,
for example a threshold of 60 or 63 dB below the output level
of the power amplifier 12, this is an indication of onset of
clipping in the power amplifier 12 and an indication that it
is necessary to back off the gain of the power amplifier 12.
Thus, the adjacent channel receiver 33 or the subscriber

receiver 34 provides a signal to the microprocessor 30 from
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which, if onset of clipping is detected, controls the

PCT/EP93/00430

linearizer 10 to reduce the gain A.

AS a result, with a real-time knowledge of the splatter
to adjacent channel power, backing off made to the drive
level to the power amplifier can be minimised at all times
ensuring true optimum operating efficiency. In addition, the
arrangement ensures a predetermined maximum splatter into the
adjacent channel at all times.

On detecting of clipping and backing off of the power
amplifier, the new value for the loop gain (a) can be loaded
into the look-up tables of Fig. 1.

The adjacent channel receiver of 33 or subscriber
receiver 34 can be used for detecting "clip" during a
training sequence such as that described in US Patent No.
5060923 of Motorola Inc. During the training sequence, the
energy of the power amplifier is diverted into the adjacent

channel receiver 33 or the subscriber receiver 34 by

isolation of the antenna 17 using the antenna switch 16.

This allows the energy to be directed away from the antenna
ensuring "off-air" training and no on-air adjacent channel
splatter. It is proposed that this transmit energy whilst
training is diverted into the appropriate receiver by the
microprocessor 30 controlling the antenna switch 16. This
can be achieved by: '

(1) coupling of some of the feedback signal power into a
separate receiver tuned to the adjacent channel or

(2) short circuiting the antenna switch into the
subscriber unit receiver and switching the down-converter
local oscillator frequency by the duplex separation frequency
plus or minus the channel bandwidth, therefore allowing the

standard receiver to perform a received signal strength

indication on the adjacent transmit channel.

In the case of a short circuited implementation,
suitable attenuation of the transmitter power is required to
avolid over driving the receiver. This is implemented by
appropriate switching of receiver paths 40 and 41 as shown in
Fig. 3. Receiver path 40 provides a path from the antenna 17
to the receiver 34. Adjacent channel receive path 41

provides a path 1in the case of routing of the signal from the
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power amplifier 12 to the receiver 34. The circuit comprises
three pin diode switches 16, 43 and 44 under control of the
microprocessor 30. An attenuator 45 is provided in the
adjacent channel receive path 41, having a suitable value to
avoid overdriving the receiver circuitry. The operation is as
follows. Simultaneously with the switching of the antenna
switch 16 by the microprocessor controller 30, the controller
30 causes pin diode switches 43 and 44 to switch from path 40
to path 41, thus switching attenuator 45 into the path to
protect the receiver. The timing can be arranged such that
attenuator 45 is always switched into the path before antenna
switch 16 switches '

The measurement of the adjacent channel power in the
adjacent channel receiver can be accomplished by any of the
standard methods available. One of which is to use an FFT of
the received signal, and then processing this data to obtain
a measurement of the adjacent channel power. The generation
of the transmit spectrum has the advantage over the
previously described method of using the a separate adjacent
channel receiver for measuring the adjacent channel power as
it is able to monitor both adjacent channels simultaneously.

The invention also allows a method of real-time
monitoring of the phase shift around the feedback loop, thus
allowing the loop phase to be adjusted whenever required,
ensuring stability at all times. This technique can be
utilised to reduce the phase margin normally designed into
such feedback systems, therefore creating an opportunity to

‘increase the loop gain and consequently improve the
~intermodulation performance that is attainable by significant

amount .

It is proposed that some of the feed-back signal is
routed into a phase detector, which then transmits the phase
information of the feed-back signal to the microprocessor.
This phase measurement can then be compared against the phase
of the transmitted signal (which is also measured). Any
transmit data is suitable for use with this phase comparison.
It is suggested that for continuous operation mode within
current TDMA frame structures, that measuring the phase shift

of the synchronisation word is a good option.
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Phase shift measurement during the synchronisation word

is carried out at the beginning of a timeslot when the
synchronisation work is transmitted in terms of predetermined
I and Q samples being input to linearizer 10. These
predetermined I and Q samples can be used for comparison with
the corresponding samples measured by downconverter 14;

Thus, the phase shift measurement is carried out during
transmission of the synchronisation word.

The overall arrangement described provides the
advantages of:

(1) providing a method of "clip detection" by measuring
the splattered power transmitted into the adjacent channel as
part of a training process or as a real-time measurement of
the intermodulation performance of the loop:

(2) providing an alternative method of measuring the
phase shift around the feedback loop during continuous
operation and during a training process and

(3) maximising the operating efficiency of the power
amplifier by operating as close as possible to its saturation
level whilst maintaining a satisfactory intermodulation ratio
performance.

- Instead of using Cartesian feedback, predistortion
feedback can be used as described in the paper "“Linear
Amplification Technique for Digital Mark Communications" by
Yoshinori Nagata 1989 IEEE. 1In this case parameters other
than gain and phase will be stored in the look-up table.
Instead, I and Q sample predistortion factors or parameters
will be stored.
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The embodiments of the invention in which an exclusive
property or privilege 18 claimed are defined as follows:

1. A radio transmitter responsive to a transmit control
signal comprising:

a power amplifier for providing a transmit radio
signal at an output;

a linearizer that compensates for non-linearity in the
power amplifier;

a feedback path having an input coupled to the output
of the power amplifier and an output coupled to the
linearizer for feeding a portion of the transmit radio
signal from the output of the power amplifier to the
linearizer, said power amplifier, linearizer and feedback
path forming a loop having adjustable loop linearization
parameters;

a look-up table having predetermined loop
linearization parameters stored therein; and

a controller having an operating condition input, said
controller being coupled to the look-up table and the loop
for selecting a loop linearization parameter in response to
the transmit control signal according to the operating
condition input to the controller at the time of receipt of

the transmit control signal.

2. A radio transmitter according to claim 1, wherein the
operating condition input 1i1s at least one of a frequency,

a battery level and a temperature input.

3. A radio transmitter responsive to a transmit control
signal comprising:

a power amplifier for providing a transmit radio
signal at an output;

a linearizer that compensates for non-linearity in the
power amplifier;

a feedback path having an input coupled to the output

of the power amplifier and an output coupled to the
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linearizer for feeding a portion of the transmit radio
signal from the output of the power amplifier to the
linearizer, said power amplifier, linearizer and feedback
path forming a loop having adjustable loop linearization
parameters;

a look-up table having predetermined loop
linearization parameters stored therein;

a controller having an operating condition input, said
controller being coupled to the look-up table and the loop
for selecting a loop linearization parameter in response to.
the transmit control signal according to the operating
condition input to the controller at the time of receipt of
the transmit control signal; and

a radio receiver tuned to an adjacent transmit channel
for monitoring the 1loop linearization parameter by
measuring signals on the adjacent channel originating from

the power amplifier.

4. A radio transmitter according to claim 3, wherein the
radio receiver includes a receiver switchable between a
first receive frequency which 1s separated from the
frequency of the signal from the power amplifier by a
duplex separation frequency and a second frequency which
represents the frequency of a channel adjacent that of the

signal from the power amplifier.

5. A radio transmitter according to claim 4 wherein said
controller switches the receiver between a receilve
frequency on a receive timeslot and an adjacent channel
frequency on a transmit timeslot and back to the receive

frequency on a subsequent receive timeslot.

6. A radio transmitter according to claim 4 further
comprising a signal attenuator that is switchable into a
path between the power amplifier and the receiver for

attenuating the signal from the power amplifier to the
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receiver during transmission and for passing an
unattenuated signal from the antenna during a recelve mode

of operation.

7. A radio transmitter according to claim 3, wherein said
controller inputs a training sequence into the linearizer
and monitors an actual loop linearization parameter for the
loop in response to the training sequence, for performing
a comparison of the actual loop linearization parameter
with the loop linearization parameter selected and for
selecting an improved linearization parameter 1in response

to the comparison.

8. A radio transmitter circuit comprising:

a power amplifier coupled to an antenna for
transmission of radio signals on a transmit channel;

a linearizer that compensates for non-linearity in the
power amplifier;

a microprocessor for outputting a training sequence to
the power amplifier;

a feedback circuit for feeding the training sequence
output from the power amplifier back to the linearizer to
adjust the linearizer;

an adjacent channel receiver tuned to a channel
adjacent the transmit channel for measuring signals from
the power amplifier appearing on the adjacent channel,
wherein the microprocessor adjusts the Ilinearizer 1in
response to signals measured on the adjacent channel while

the training sequence is output from the power amplifier.

9. A radio transmitter circuit comprising:

a power amplifier coupled to an antenna for
transmission of radio signals on a transmit channel;

a linearizer for compensating for non-linearity 1in the

power amplifier, wherein the linearizer is responsive to
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signals measured on the adjacent channel while a training
sequence is output from the power amplifier;

a microprocessor that outputs a synchronization
sequence to the power amplifier for providing timing
information to a receiving radio where the synchronization
sequence is also wused as a training sequence for
linearization of the linearizer;

a feedback path that feeds the training sequence
output from the power amplifier back to the linearizer to
adjust the linearizer;

an adjacent channel receiver, tuned to a channel
adjacent the transmit channel, that measures signals from
the power amplifier appearing on the adjacent channel; and

a transmitter that transmits the synchronization
sequence for providing timing information to a receiving
radlo;

wherein the microprocessor is responsive to the
adjacent channel receiver for adjusting the linearizer in
response to signals measured on the adjacent channel and
for training the linearizer to the synchronization sequence
while the synchronization sequence is output from the power

amplifier.
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