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LI NEARI ZED DI G TAL AUTOVATI C GAI N CONTROL BACKGROUND OF THE I NVENTION 5 |I.
Field of the Invention The present I nvention relates genérally to

comuni cati on systens and particularly to power control in a radiotel ephone
system 10 II. Description of the Related Art The Federal Conmuni cations
Conmi ssi on ( Fe&) ommes@r ns the use of the radi o frequency (RF)rczmesstnasnr The
FCC al |l ocates certain bandwi dths within the RF spectrum for specific uses.
A user of an allocated bandw dth 15 of the RF spectrum nust take measur es
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users operating in the sane or other bandw dths. These | evels are governed

by both the FCC and the paBACKGROVNDIORTHEINVENFION dth. 20
The 800 MHz cel lul ar radi ot el ephone system operates its forward |link, the

cell to radiotel e.hone transm §si on, in the bandwi dth of 869.01 MHz to
893.97 Miz. Tiiel kieldraftheilnkention r adi ot el ephone to cell transmission, is
in the bandwi dth of 824.01 Mz to 848.97 MHz. The forward and reverse link

bandw dt hs are split I nt 0, channel s ch cha 25 occupyi 30 kHz
bandwi dth. A parti cul® $H§S§Ptd?v?’ﬂé°’bé?f gexge)l;gl? F‘éfl@%oﬁyﬁﬁﬁ‘sor
several of thesmdtpartireila'l)atopbwesamollmra'ﬁnete&e;dwaesmml di fferent
techni ques of nodul ation that can be used in the cellular radiotel ephone
system Two exapnples of ,nodul at] echni ques are frequency division

mul tiple acc ﬂ? ptiopo @G éﬁ' Aftsion multiple access (CDMA). The

FDVA nodul ati on techni que generates SI gnal s that occupy one channel at a
time while the CDVA TivelBéddérabGQotraminications dlomniissions i(BAQ) governs the use of

the radio frequency (RF) spectrum. The FCC allocates certain bandwidths
within the RF spectrum for specific uses. A user of an allocated bandwidth

15 of the RF spectrum must take measures to ensure that the radiated
emissions inside and outside of that bandwidth are maintained within
acceptable levels to avoid interfering with other users operating in the same
or other bandwidths. These levels are governed by both the FCC and the
particular user groups of the bandwidth.

20 The 800 MHz cellular radiotelephone system operates its forward
link, the cell to radiotelephone transmission, in the bandwidth of 869.01
MHz to 893.97 MHz. The reverse link, the radiotelephone to cell
transmission, is in the bandwidth of 824.01 MHz to 848.97 MHz. The forward
and reverse link bandwidths are split up into channels, each channel

25 occupying a 30 kHz bandwidth. A particular user of the cellular system may
operate on one or several of these channels at the same time.

There are several different techniques of modulation that can be used
in the cellular radiotelephone system. Two examples of modulation
techniques are frequency division multiple access (FDMA) and code

30 division multiple access (CDMA).

The FDMA modulation technique generates signals that occupy one
channel at a time while the CDMA modulation technique generates signals
that occupy several channels. Both of these techniques must control their
return link radiated emissions to within acceptable limits inside and outside

35 of the assigned channel or channels. For maximum system performance,
users of the CDMA technique must carefully control the level of radiated
power inside the channels in which they are operating.

A CDMA receiver that receives digitally modulated information
signals generally includes a variable gain amplifier with a gain adjusted by a




t hat occupy several channels. Both of these techniques nust control their
retuen link radiated em ssions to within acceptable limts inside and
outside 35 of the assigned channel or channels. For maxi num system
performance, users of the CDVA technique nust carefully control the |evel

of radi ated power _inside the channels in which they are operati CDVA
recei ver thatVPetMts qi gitally nodul ated i nformation si gngﬁh%gﬂ'e?é’l |y

includes a variable gain anplifier with a gain adjusted by a WO 97/ 10644
PCT/ US96/ 14917 2 control signal. The process of adjusting the gain of a
recei ved si gnal comssolgignat-oHhe processyef-adinsting, theogain @fAtaceivedSignal Jising p
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the baseband angl Qfndife With HR deFFRESiERIowWdtl S generally requires that the
AGC be provided over tﬁ ' a}) t he received . si | power.

FIG 1 shows a typics® effF‘];‘géllggg{ Q%g]f’&ﬁ{aé‘rog‘regg' 2R o8} es.lgr}ar}itgg"g‘gase ratis,
r adi ot el ephori® AGC isgmedsechodd the magmitvide ofcthei basebarl wasteforme caosectosthet i on
103. I'n the trapdmdymtt Rhgt0df the MBLAERAP Mhalold tB1 Algital Peovéftefse Phinal
generally requires that the AGC be provided over the full dynamic range of
the received signal power.
FIG. 1 shows a typical prior art cellular radiotelephone. This

15 radiotelephone is comprised of a transmit section 102 and a receive section
103..In the transmit section 102, a microphone 110 picks up a voice signal
and changes it into an analog signal that is encoded and modulated 115. The
modulated signal, Tx, is at an intermediate frequency. Tx is input to an
automatic gain control (AGC) amplifier 120. For CDMA radiotelephones the

20 transmit AGC 120 is controlled by a combination 125 of the power level of
the received signal, also known as open loop power control, and transmit
power commands from the cell 130, also known as closed loop power
control. Both open and closed loop power control are discussed in further
detail in U.S. Patent No. 5,056,109 issued to Gilhousen et al.

25 The signal from the AGC amplifier is input to a power amplifier 101.
The amplified signal from the power amplifier 101 is input to a duplexer 145
that couples the signal to an antenna 150 for transmission over the channel.

In the receive section 103, a signal received by the antenna 150 is
coupled to the receive section 103 by the duplexer 145. The received signal is

30 input to a low noise amplifier (LNA) 155. The amplified signal from the
LNA 155 is then input to the receive AGC 160. This AGC 160 is controlled
165 by the power level of the received signal. The signal from the receive
AGC 160 is demodulated and decoded 170 before being transmitted as an
analog voice signal by the speaker 175.

35 In CDMA based radiotelephones, it is possible to drive the power
amplifier 101 in the transmitter beyond a power level where acceptable out-
of-channel radiated emissions can be maintained. This is primarily due to
the increased output distortion levels of the power amplifier 101 at high




and changes it into an analog signal that is encoded and nodul ated 115. The
nodulated signal, T[err], is at an internediate frequency. T[err] is input
to an automatic gain control (AGC) anplifier 120. For CDMA r &di of el ephones
the 20 transmt AGC 120 is controlled by a conmbination 125 of the power

| evel of the received signal, also known as open | oop power control, and
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receive signal to the desired setpoint.
In theory, such an arrangement will produce the desired transmit
15 output power. However, maintaining the proper on-channel output power
can be difficult due to several undesirable effects in the radiotelephone
hardware. For example, the CDMA based radiotelephone must implement a
transmit power control scheme that operates over a very wide dynamic
range, 80 dB to 90 dB. Any deviation from “dB Linear” in the transmit or
20 receive AGC amplifiers will cause errors in the open loop output power
level. Also, any gain variation (such as temperature or frequency induced)
in the radio that does not affect the transmit and receive sections equally
will cause errors in the power control performance.
Nonlinear errors also occur when lower quality components are used
25 to reduce production costs or when lower power components are used to
reduce power consumption. There is a resulting need for linear automatic
gain control in a radiotelephone.
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30 SUMMARY OF THE INVENTION

The present invention encompasses a linearized digital control
apparatus for automatic gain control (AGC) in a radio. The radio has a
transmit AGC amplifier and a receive AGC amplifier. A received signal
strength detector is coupled to the receive AGC amplifier. This detector

35 generates a digital power level signal from a received signal.

An integrator is coupled to the received signal strength detector. The
integrator integrates the digital power level signal to generate a digital AGC
adjust signal, which is presumed to be linearly related to the desired receive
gain setting (in dB). A receive AGC linearizer is coupled to the integrator.



can cause interference internal to the radiotel ephone. I n CDVA based

radi ot el ephones, the proper transmtted output power is determ ned by--.open
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gain control in a raf ghrsmthDAL isSthddletY t6Fthd HrandENIdaNz80 and converts
the predistorted transmit adjust signal into an analog transmit adjust signal.

15 The analog signal is coupled to the transmit AGC amplifier to control its
gain.

BRIEF DESCRIPTION OF THE DRAWINGS

20 The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below when
taken in conjunction with the drawings in which like reference characters
identify correspondingly throughout and wherein:

FIG. 1 shows a block diagram of a typical radiotelephone.

25 FIG. 2 shows a block diagram of the digital automatic gain control
apparatus of the present invention.

FIG. 3 shows a block diagram of the received signal strength indicator
apparatus of the present invention.
FIG. 4 shows a block diagram of the programmable loop gain

30 integrator of the present invention.

FIG. 5 shows a block diagram of the low noise amplifier range control
apparatus of the present invention.

FIG. 6 shows a block diagram of the automatic gain control linearizer
apparatus of the present invention.

35 FIG. 7 shows a graph of an example waveform of desired power level
versus AGC control voltage.

FIG. 8 shows a block diagram of the power amplifier range control of
the present invention.



The present invention enconpasses a linearized digital control apparatus
for_automatic gain control (AGC) in a radio. The radio has a transmt AGCC
anplifier and a receive AGC anplifier. A received signal strength detector
is coupled to the receive AGC anplifier. This detector 35 generates a
digital power level signal froma received signal. An integrator is coupled
to the recei vagos/pesa strength detector. The integrator integraswaddine
digital power |evel signal to generate a digital AGC adj ust signal, which
is presunmed to be linearly related to the desired receive gain setting (in
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adj ust signal.” The anal Qg_si | i oupled to the recei anplifier to
control its gain. In aDURAILEE BESCREREION OF Rk PREFHREED " Acc

| inearizer is coupled to the recei veEMBODIMENTtor. As with the receiver
AGC 10 linearizer, the transmt AGC |linearizer predistorts the |inear
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signal. digital and analog type radio systems.
As illustrated in FIG. 10, a received RF signal is input to the receiver’s
LNA 1015. The LNA 1015 has selectable gain settings in order to limit the

15 dynamic range of an excessively strong signal before reaching the mixer. The
gain is varied by the AGC control process of the present invention.

The amplified signal from the LNA 1015 is input to an RF to IF circuit
1035 to be downconverted to an intermediate frequency. In the preferred
embodiment, this intermediate frequency is 85 MHz.

20 The IF signal is input to a bandpass filter 1045. As is well known in
the art, the bandpass filter 1045 removes portions of the input IF signal that
are not in the filter’s pass band. Typical signals to be filtered out are jammer
signals from radio transmission sources other than the one to which the
radio of the present invention is communicating, as well as signals intended

25 for other radiotelephone users.

The signal from the filter 1045 is input to the receive AGC amplifier
1025. The receive AGC amplifier 1025 is located after the down converter
1035 in order to adjust the gain after the jammers have been filtered out by
the bandpass filter 1045. The receive AGC amplifier 1025, in conjunction

30 with the transmit AGC amplifier 1030, perform the normal CDMA AGC
function of open loop power control, closed loop power control, and
compensation. Both the receive and transmit AGCs 1025 and 1030 are
adjusted by the AGC control process of the present invention.

The receive and transmit AGCs 1025 and 1030 are required due to the

35 wide dynamic range requirements for CDMA's receive and transmit links.
In the preferred embodiment, the AGCs have greater than 80 dB of gain
range.

The gain controlled IF signal from the receive AGC amplifier 1025 is
input to a second downconverter 1050. This downconverter 1050 transforms




15 The anal og signal is coupled to the transmt AGC anplifier to control
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of the power in both the FM and MA systems, the downconverter’s 1050 I and Q
outputs are further FM demodulated in order to provide an audio signal
10 output.

The I and Q baseband signals are input to the received signal strength
indicator (RSSI) and logarithmic amplifier circuit 205 of FIG. 2. This circuit
measures the received signal power level. Additionally, since the AGC has a
nominally exponential gain function (i.e. dB linear; if a control voltage

15 change of X volts produces a gain change of Y dB, then: a change of 2X will
produce a gain change of 2Y dB), the input to the integrator 210 of the
present invention must be logarithmic in order for the AGC loop's time
constant to be consistent over the gain range. The function of the RSSI and
log amplifier circuit 205, therefore, is to generate the logarithmic RSSI value

20 and subtract off the log of the desired signal level. As a result, the output of
the log amp is positive for inputs larger than desired, and negative for
inputs smaller than desired. This error signal is then passed to the integrator
210. |

The RSSI and logarithmic amplifier 205 is illustrated in greater detail

25 in FIG. 3. This circuit is comprised of a multiplexer 305 that has the I and Q
baseband signals as inputs. A clock signal causes the output of the
multiplexer 305 to alternate between the I and Q inputs such that the RSSI
value produced is the average of the I and Q components.

Since CDMA signals are Gaussian, the magnitude of the I and Q

30 baseband signals must be averaged for many samples in order to measure
the power in the signal (RSSI). The absolute value circuit 310 and the
integrate and dump decimator low pass filter 315 together determine the
average magnitude of I and Q over a predetermined time interval. In the
preferred embodiment (for U.S. CMDA radiotelephones with a chip rate of

35 1.2288 MHz), this interval is a 38.4 kHz clock period in which 64 samples are
averaged. The 38.4 kHz clock clears the integrate and dump decimator low
pass filter 315 to zero after each group of 64 samples have been averaged.



anplifier range control of FIG 8. FIG 10 shows a bl ock di agram of the
radiatel ephone in accordance with the present invention. 5 DETAILED

DESCRI PTI ON OF THE PREFERRED EMBODI MENT The [inearized digital AGC control
of the present invention provides 10 accurate, |inear automatic gain
control in an RF environnent. The present invention operates over a w de
dynanmi c rangewemhbeis it can be used in both digital and anatcrgssgp®17 adi o
systems. As illustrated in FIG 10, a recelved RF signal is input to the
receiver's LNA 1015. The LNA 1015 has sel ecfabl e gai n settl ngs in order to

limt the 15 d m,c. ran N _exCess t
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is input to the_recelve AGC anplifier 102 The receive AGC anplifier 1025

is |ocated afteF*¥%Gown converter 1035 in order to adjust the gain after
the jamers hHle beeWhe RSEEsignaboutpyy from the R wandf logramplifierscirquit 20%isei ve

AGC anplifier 1QP%384ksaaplesnsdc This3Eighnall th the préfefediembdimanb! hid £& 15030,
perform the nor %l ratquf‘n fidrements of 0.234 dB per least significant bit.

It should be noted that RSSI and Log Amp circuit of the present
invention has an input dynamic range that exceeds that of the A/D

15 converters that produce its input. The present circuit takes advantage of the
Gaussian nature of the CDMA forward link. The Log ROM 320 not only
provides a logarithmic function for inputs near the center of it's operating
range, but it also compensates for clipping of the Gaussian input that occurs
at either end of the range.

20 The RSSI signal is input to a programmable loop gain integrator 210.
The integrator’s 210 output will settle to a value that causes the receive AGC
amplifier to output a signal level that equals the reference RSSI.

The programmable loop gain integrator 210 of the present invention
is illustrated in greater detail in FIG. 4. The integrator 210 is comprised of a

25 multiplier 405 that muitiplies the RSSI input by a gain constant. By varying
this gain constant, the time constant of the complete AGC loop can be varied
to meet the requirements of different situations. In the preferred
embodiment, the gain constant is programmed into the integrator when a
radiotelephone or other radio incorporating the present invention is

30 manufactured.

The gain constant is determined by experimentation and depends on
the delay through the RF circuitry. The time constant is set as fast as possible
for the loop bandpass filter. Too slow of a time constant would mean too
slow of a response while a time constant that is too fast causes undesirable

35 oscillation.

The result from the multiplier 405 is input to a 16-bit saturating
accumulator 410. The saturating accumulator 410 adds each new input

h-




function of open | oop power control, closed | oop power control, and
conpensation. Both the receive and transmt AGCs 1025 and 1030 are adjusted
by the AGC control process of the present invention. The receive and
transmt AGCs 1025 and 1030 are required due to the 35 wi de dynam c range
requirenents for CDMA's receive and transmt links. In the preferred

enbodi nent, tWORMEI4have greater than 80 dB of gain range. PeTAISge4t7
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being apphed to the transmit A
The low pass filtered 51gnal is input to a summer 270 that sums this
signal with a closed loop power control signal from the base station with
which the radio is communicating. The closed loop power control signal
15 instructs the radio to increase ordecrease its power output depending on the
signal received at the base station. The closed loop power control command
from the base station is input to the closed loop power control circuit 265 for
processing.
Prior to summing, the power control command from the base station
20_ is adjusted by a constant and a sign extend operation 260. This operation
~ adjusts the closed loop power control command from the closed loop power
control circuit 265 so that the proper step size is produced. For U.S. CDMA
radiotelephones, each power control bit from the base station is +1dB. In the
-_ preferred embodiment, this constant is the equivalent of multiplying by 12
25 such that the integrator’s 210 output has a weight of 0.083dB/bit. In other
embodiments, this gain constant could be programmable for added
flexibility.
The scaled power control command and the signal from the low pass
filter are summed and the result is input to a power limiting control 220.
30 This power limiting is used to guarantee that the transmit power amplifier
is not driven beyond it’s limits by keeping track of how high the transmit
power amplifier is instructed to increase its gain.
The transmit power amplifier's maximum allowable output level is
measured at the time of manufacture of the present invention. This value is
35 known to the power limiting control. The gain setting that produces the
maximum output level can be stored in the power limiting control circuit
or written there by the microprocessor over the software PA limit control
line.



15 change of X volts produces a gain change of Y dB, then a change of 2X
wi |l produce a gain change of 2Y dB), the input to the integrator 210 of
the present 1 nvention nust be logarithmc in order for the AGC | oop's tine
constant to be consistent over the gain range. The function of the RSSI and
|l og anplifier circuit 205, therefore, is to generate the |logarithm c RSSI
val ue 20 and wolbigsed of f the | og of the desired signal |eveCT/useia9iesul t,
the output of the log anp is positive for inputs |arger than desired, and
tnegflthl ve for input; smal | er than desired. Phis error signal is then passed
o] e integrator 0. The RSSI. and | ar| c | i f
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| ow pass filtr 315 The signal &pneﬂ\eemnerghmgafcomolsmwe@pﬁa\r@ abtéwmxt
aver aged. VOiRddrifif 45, The transmit linearizer 225 compensates for non-linearities

PCT/ US98/ 14917 ¢ in the transmit AGC amplifier's response to the adjust signal. These non-
linearities would contribute to errors in the transmitter's output power
level. Given a 10-bit input word representing the desired output power

15 level, the linearizer 225 generates a 9-bit output control word for the
transmit AGC that is the best approximation of that which would produce
the desired output power level.

The transmit linearizer 225 is illustrated in greater detail in FIG. 6. It
functions as a lookup table. But since a direct implementation requires 1024

20 entries, the preferred embodiment uses two small lookup tables and linear
interpolation. This sixnplifieé' the circuitry and reduces the amount of
calibration data the radiotelephone must store. The linearizer 225 is
comprised of two random access memory (RAM) look-up tables. One table
stores a slope 610 and the other stores an offset 605. The four most

25 significant bits of the input transmit AGC adjust signal are used to address
the RAM tables 605 and 610. Both RAM tables 605 and 610 are organized in a
16 x 8 format.

FIG. 7 shows a graph to illustrate the use of the RAM look-up tables.
The x-axis represents the desired power while the y-axis represents the AGC

30 control voltage. The segment 710 on the desired power axis is the segment
identified by the 4 most significant bits (MSBs) of the input word. The
corresponding output segment 715, has the slope and offset selected in the
two RAMS by the 4 MSBs of the input word.

The slope data from the slope look-up table is multiplied by the 6

35 LSBs to generate a 9-bit word. This result is added to the 8 bits of offset data
from the offset look-up table to generate the 9-bit output.

The data signal from the transmit linearizer is input to a pulse
density modulation (PDM) DAC 230. The DAC 230 transforms - the digital



The integrate and dunp decimator |ow pass filter 315 is clocked by a clock
having tw ce the frequency of the clock input to the multiplexer 305. The
out put of the integrate and dunp deci mator |ow pass filter 315 is used to
address a logarithmc | ook-up table read only nenory (ROM 320. 5 The ROM
| ook-up table 320 contains val ues corresponding to the difference between
the RSSI and WOPHWEMence RSSI. The reference RSSI is the syEBFENSWI4NI (o
power |evel of the received signal. The v es stored in the ROM | ook-up
table 320 are additionally adjusted to provide a |logarithm c response. 10
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be varied to neet the reqwrerrent different situations. In the
preferred enbodt@PEfit, the gai n constant S pro?ramred into the integrator
when a _ The power amplifier range control, illustrated in greater detail in FIG.

15 8, is .comprised of six different registers 801-806 into which the
microprocessor writes desired rise and fall thresholds for the transmit AGC
adjust signal. For example, if it is desired that the transmit power amplifier
range output signal switch around 18 dBm, the rise threshold may be set to
19 dBm and the fall threshold to 17 dBm, yielding 2 dB of hysteresis.

20 The input transmit AGC adjust signal is compared to these thresholds
and, in the preferred embodiment, the comparators 820-825 output a logic
“1” when the adjust signal is greater than the compared threshold. The
priority encoder 830 then encodes these comparison results into a 2-bit
power amplifier control word.

25 In a simple priority encoder, no hystere51s is used so only three
comparators are needed to define the four ranges. The output is logical 11 if
(Input > threshold 3); logical 10 if the ((Input > threshold 2) AND (Input <
threshold 3); logical 01 if ((Input > threshold 1) AND (Input < threshold 2),
and logical 00 if (Input < threshold 1).

30 The priority encoder of the present invention uses hysteresis, which
is to say that each of the logical output states will correspond to different
input thresholds depending on the previous state. In particular, the
threshold between two states is higher for a transition from the lower to the
higher state than it will be for a transition from the higher to the lower state.

35 This hysteresis helps reduce frequency of state transitions when the input is
varying near a state threshold.

FIG. 9 shows a flow chart of the process of the priority encoder of the
present invention. The process compares the transmit AGC adjust signal to



radi ot el ephone or other radio incorporating the present invention is 30
manufactured. The gain constant is determ ned by experinentation and
depends on the delay through the RE clrcurtry. IThe L1me constant 15 Ser as
fast as possible for the | oop bandpass filter. Too slow of a tine constant
woul d nmean too slow of a response while a tine constant that is too fast
causes undesi wedpbmeéda oscill ation. The result fromthe nultipti/esesdsnri s
input to a 16-bit saturating accunul ator 410. The saturating accumnul at or
410 adds each new i nput WO 97/ 10644 11
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communi cat i ng10 Hhat thiedsansnhib AGE adiust sigrial as net ghthe higher power level set in
register 3. In this case, the rise register 2 comparator is checked 920. If this
comparator is in a logical 1 state, the output of the priority encoder is set to a
logical 10 state. If this comparator is not in a logical 1 state, the fall register 2
comparator is checked 925. If this comparator is in a logical 1 state and the

15 state of the priority encoder is less than a logical 10, the output of the priority
encoder is set to a logical 01 state, indicating that the transmit AGC adjust
signal is within the range set by register pairs 1 and 2. If not, the output is set
to a logical 10 state.

If the fall register 2 comparator is not in a logical 1 state, the transmit

20 AGC adjust signal is less than the power level set in register 2. In this case,
the rise register 1 comparator is checked 935. If this comparator is in a logical
1 state, the output of the priority encoder is set.to a logical 01 state. This
indicates that the transmit AGC adjust signal is within the range set by
register pairs 1 and 2.

25 If this comparator is not in a logical 1 state, the fall register 1
comparator is checked 940. If this comparator is in a logical 1 state and the
state of the priority encoder is a logical 00 945, the output of the priority
encoder remains in the logical 00 state. If the state of the priority encoder is
not 00, the output is set to a logical 01 state. If the fall register 1 comparator is

30 not in a logical 1 state, the output of the priority encoder is set to a logical 00
state indicating that the transmit AGC adjust signal range is between the
minimum possible power and the power set by the first register pair.

When the power amplifier changes from one power range to another,
the delay through the RF circuitry can change (for example, if separate

35 amplifiers are used for each range). This shift in delay causes a shift in phase
that can only be tolerated by the other radio circuitry during certain times.
For this reason, the priority encoder 830 of FIG. 8 is clocked by the Walsh
symbol clock running at 4.8 kHz. This allows the power amplifier control




15 instructs the radio to increase or decrease its power output depending
on the signal received at the base station. The cl osed | oop power control
command fromthe base station is input to the closed | oop power control
circuit 265 for processing. Prior to summing, the power control comrand
fromthe base station 20 is adjusted by a constant and a sign extend
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PCT/ US96/ 14917 compared to the desired power level according to output 255 and, therefore,
determine the power amplifier’s error relative to the desired transmit power
level. The microprocessor can therefore recalibrate the transmitter for
minimal error. This self-calibration is particularly important for setting the

15 power limit control 220.

Referring again to the receive section of FIG. 2. The data signal from
the loop gain integrator 210 is also input to an LNA range control circuit 235.
This circuit 235 controls the gain of the LNA to improve the dynamic range
of the receiver. Although the AGC amplifier provides most of the radio's

20 gain adjustment range, in some cases there is an advantage to having the
LNA's gain adjustable also.

The LNA is limited to two different gam settings (although clearly if
continuously adjustable LNA gain is desired, the LNA could share a control
signal with the AGC amplifier). The LNA range control can select one of

25 these gain levels by setting the single control bit to either a logic “1” or a
logic “0”.

The LNA range control circuit 235, illustrated in greater detail in FIG.
5, serves to set the LNA to high gain when the required receiver gain
exceeds a programmed value, and set the LNA to low gain when the

30 required receiver gain is below that value (hysteresis is provided too).
Additionally, whenever it switches the LNA gain, if simultaneously adjusts
the control signal to the AGC amplifier to compensate for the change in
LNA gain.

It is comprised of a multiplexer 505 that has two microprocessor write

35 registers as inputs. One of the registers is a receive AGC gain adjust signal
falling threshold and the other the rising threshold. The rising threshold is
normally set a few dB higher than the falling threshold to provide




9 In certain situations, such as when the radio is behind an obstruction,
the base station may send nmultiple commands to the radio instructing it to
i nCrease transmt power. VWhen the base station has transmtted power "up"
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are organi zed i inputs Gnd theteforatauses the comparator to use one threshold for rising
signals and another for falling signals (thus providing hysteresis). The D

15 flip-flop 515 output is also coupled to the control input of an offset
multiplexer 520 and to 2 PDM follower 525.

The offset multiplexer 520 outputs a 0 offset or an offset set by the
microprocessor, depending on the control input from the D flip-flop 515.
This offset is subtracted from the receive AGC adjust signal and the

20 difference is input to the receive AGC linearizer. This allows the
microprocessor, by writing the proper offset to the offset register, to
compensate at the AGC for the gain imposed by the LNA. This causes the
combined gain of the LNA and AGC amplifier to change smoothly, with no
discontinuity (except for the unavoidable but brief transition spike).

25 The D flip-flop output is delayed by an interval approximately the
same as the delay of the PDM DAC and its output filter (52us in the
preferred embodiment), by the PDM follower 525. This delay helps reduce
the transition spike by synchronizing as closely as possible the gain changes
of the LNA and AGC amplifiers. An exclusive OR (XOR) gate 530 controls

30 the polarity of the output. If it is desired to invert the polarity of the range
control bit to the LNA, the microprocessor writes a logical 1 to the polarity
control input. The range control bit will be allowed through the XOR gate
530 if the microprocessor writes a logical 0 to the polarity control input. This
allows use of LNA circuits with either active high or active low gain boost

35 control pins.

The output of the XOR gate 530 is also optionally read by the
microprocessor. This enables the microprocessor to monitor operation of
the circuit.



FIG 7 shows a graph to illustrate the use of the RAM I ook-up tables. The
X-axi s represents the desired power while the y-axis represents the AGC 30
control voltage. The segnent 710 on the desired power axis is the segnent
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result is added to the 8 bits of offset data fromthe offset |ook-up table
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operation provides range control of both the LNA and the UHF transmit power

amplifier.
The previous description of the preferred embodiments is provided
15 to enable any person skilled in the art to make or use the present invention.
The various modifications to these embodiments will be readily apparent to
those skilled in the art, and the generic principles defined herein may be
applied to other embodiments without the use of the inventive faculty.
Thus, the present invention is not intended to be limited to the
20 embodiments shown herein but is to be accorded the widest scope consistent
with the principles and novel features disclosed herein.

I CLAIM:
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?or converting the pre-distorted receive adjust signal into an analog receive
12 adjust signal, the analog receive adjust signal controlling the gain of the

receive AGC amplifier;

O

"h_

D

14 a transmit linearizer, coupled to the integrator, for generating a pre-
distorted transmit adjust signal; and
16 a transmit digital to analog converter coupled to the transmit

linearizer for converting the pre-distorted transmit adjust signal into an
18 analog transmit adjust signal, the analog transmit adjust signal controlling
the gain of the transmit AGC amplifier.
20
2. The linearized digital control apparatus of claim 1 further
2 comprising:
a closed loop power control circuit for accepting transmit power
4 control commands; and
a summer having a first input coupled to the closed loop power
6 control circuit, a second input coupled to the integrator, and an output
coupled to the transmit linearizer, the summer for adding a received digital
8 power control signal to the digital AGC adjust signal.

3. The linearized digital control apparatus of claim 2 further .
2 comprising a transmit power limiting control coupled to an input of the
closed loop power control circuit, the transmit power limiting control
4 restricting the digital AGC adjust signal to a maximum gain adjustment.

4. The linearized digital control apparatus of claim 1 further
2 comprising a power amplifier coupled to an output of the transmit AGC
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11 the rise register 3 905. If the conparator outputs a Iogigﬁ[ﬂwm%ﬁ“u "l",
output of the priority encoder is Seﬂ‘"%‘ E? T '\t1 i ndi ca - .
transmt AGC adjust signal is great|e &é‘ SITEL im t hreshol d. 1f not,

the fall register 3 conparator is qheckedt EDif this conparat or outputs a

| ogi cal 1, a'MOPHE64 output of the priority encoder is al reREWUSHIN ogi cal

11 state 915, the state remains 11. If theqpriority encoder is not in a

|l ogical 11 state, the output is set to a |logical 10 state. This indicates

that the transnamplifia and adowsnejseamplifiee coupledtie ayoinput iob theleelye AGEI st er
pairs 2 and 34 ifplftRrfal!l register 3 conparator is not in a logical 1

state, this indicates 10 that the transmt AGC adjust signal is not at the

hi gher power level set in register 3. In this case, the rise register 2
conparator is checkedl 92(0hel linelwized: adigitalarontrok appamthogifcehim 4t fitrehert he

output of the zpe(s,gf,ﬁgaa;:ﬁ%g@sf alnplifief rdrfkeorfid (Bupklt &) ﬁ{eqnéé(é%tro? 'afd to,
B

conparator is not a state, .Lthe fa | ster 2 arator_is
checked 925. |facAngok hy; Ppwer Amplifist; for generating @ powet ABPlibes gaine of -
the priority dnemeesl dignaless than a | ogical 10, the output of the priority
encoder is set to a logical 01 state, indicating that the transmt AGC

adjust signal is within the range set by register pairs 1 and 2. If not,

the output is set tdba | odihealingarized,digital fcontol {apparatatgi ef claim dofystirert or
Itf] not in ? Iczlzc&a risingt atléw hdbige tanaplifiert rﬁfge%tf(ﬁl 'é§1$lpl§d§l@ai_hej[ fté@atort han
e power |evel s | : i s C e ri se register .
conparator is cfBC kf%_a %é%g‘%i ﬁpq{tkﬁ%sth % gon‘%)g\r()%eo%%?ls'ﬁ?ﬁefgr ggﬁ?rggﬁg 7 &“éf‘&lset he
- output of the 4amplifiey gainceentrolisignals to a | ogical 01 state. This indicates
that the transmit AGC adjust signal is within the range set by register

pairs 1 and 2. 25 7 i S fRARAEALINork bl WBpakdtud of B wheibil he t N

fall register 1 .
2 integrator is coupled to the transmit linearizer through a first order

recursive low pass filter.

8. The linearized digital control apparatus of claim 2 wherein the
2 received digital power control signal is scaled by a predetermined constant.

9. The linearized digital control apparatus of claim 1 wherein the
2 digital power level signal provides a logarithmic response.

10. A linearized digital control apparatus for automatic gain
2 control (AGC) in a radio having a transmit AGC amplifier and a receive
~ AGC amplifier, the transmit AGC amplifier being coupled to a power
4 amplifier, a low noise amplifier being coupled to the receive AGC amplifier
through a bandpass filter, the apparatus comprising:
6 a received signal strength detector, coupled to the receive AGC
amplifier, for generating a digital power level signal from a received signal,
8 the digital power level signal being adjusted to provide a logarithmic
response;
10 an integrator, coupled to the receive signal strength detector, for
generating a digital AGC adjust signal;
12 a filter, coupled to the integrator, for filtering the digital AGC adjust
signal;
14 a low noise amplifier gain control, coupled to the integrator and the
low noise amplifier, for adjusting the gain of the low noise amplifier;
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conparat'or is checked 940. If this conparator is in a logical 1 state an

the state of the priority encoder is a |logical 00 945, the “‘M\ \“\
priorrty encoder remains 1n the Togrcal 00 state the s m‘mm\
priority encoder is not 00, the out ' gi cal state. "If° the

fall register 1 conparator is 30 n tate, the output of

the priority f6dsai s set to a |ogical | cat i ngporhusveridaer
transmt AGC adjust signal range is between the m ni mum possi bl e power and

the power set by the first register pair. When the power anplifier changes

fromone powgg range f#eﬁz@q%hze%h&u%+@¥o iy mwbm&é@ea hfib.f in "cMnﬁ'Bf‘
e of

change (for exanpl e, separa
This shift in dforprecdistorng the,digital ﬁgﬁé'g‘g]alg%@?ggeegtﬂfﬁé{‘%f’iﬂ by

t he ot her radgoreceiveddiigt ilng certain tines. For this reason t he

priority encoder 830 0 h
at 4.8 kHz. This al I%Wé:e{vﬁel ‘g\/!/etgs ag{r?%%( ?‘?j’e%egn‘t%r sttb ~7f T ﬁﬁ&ﬁ&qm "
PCT/ US96/ 14920 for caoverting thepreslisserted reeqive adjiust signal injocpn apalogireseive

change does nota hétesl NahPidnalyg’ féceival 8djobt bighal @6hollinge theiigait@lof lthe
symbol bound 'Eg;% § ata il gr%l from tjﬁe pigaer limti r%S cotr;gtrol 220 is
additionally W‘EP B der recursive | ow pass filter 255. The | ow

pass filter 255 5 vvm ttansmeit powerdimiting gircuitf coupleq dorthe filter: fer imdtingr ed

enbodi ment (t% géea%ytal ?\Cﬁt‘?h&fx&ﬁﬁgﬁﬂlﬁi&?ﬂ:&mﬁm Binl {dustederithe PDM DAC and
t he external DA :I ers the tr % ust na nd aIIovvs
the nicroprocessor td tyangpi anzer, £BPR gﬁt‘?n %t%ﬁs“fﬁ

the transm t 26QGimifihg circeit,dior (gemﬁng@apreedlstmtqgt trmhity\dmalglnhb qmdwer

'g\\;:'r f‘;vtelhel ;0 povey 2aminhit | Bigitdf| 100 aARIBEOREhWrEereXoRpltd Bl Eeli frhdsmithi S
P 28 linearizer for converting the pre-distorted transmit adjust signal into an

analog transmit adjust signal, the analog transmit adjust signal controlling
30 the gain of the transmit AGC amplifier.

11. A method for linearized digital automatic gain control (AGC) in a
2 radio having a transmit AGC amplifier and a receive AGC amplifier, the
method comprising the steps of:
4 the radio receiving a signal;
generating a digital power level signal from the received signal;

6 integrating the digital power level signal to generate a digital AGC
adjust signal;
8 pre-distorting the digital AGC adjust signal to generate a pre-distorted

digital receive adjust signal;
10 converting the pre-distorted digital receive adjust signal into an
analog receive adjust signal, the analog receive adjust signal controlling the
12 gain of the receive AGC amplifier;
pre-distorting the digital AGC adjust signal to generate a pre-distorted
14  digital transmit adjust signal; and
converting the pre-distorted digital transmit adjust signal into an
16 analog transmit adjust signal, the analog transmit adjust signal controlling
the gain of the transmit AGC amplifier.

12. The method of claim 11 further comprising the step of limiting the
2 pre-distorted digital transmit adjust signal to a maximum gain adjustment.
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conpared to the desired power |evel according to output 255 and, therefore,
determ ne the power anplifier's error relative to the desired transmt
power [evel. The m croprocessor can therefore recalibrate the transmtter
for mnimal error. This self-calibration is particularly inportant for
setting the 15 power Iimt control 220. Referring again to the receive
section of Fl godyeddae data signal fromthe | oop gain integre@RWSIEIPIT s

al so input to an LNA range control circuit 235. This circuit 235 controls
the gain of the LNA to inprove the dynaTé% range of the receiver. Al though
the AGC anplifier provides nost of the i0's 20 gain adjustnent range, in
some cases there is an .advantage.ta-having ihe LNA_s_gaJ.n_ad.].us,t abl e al so.
The LNA is limted to two dlfferaﬁt gai n etti n

al though clearly if
continuously adjustable LNA gain7y ddd, thid *goul d shar@l a control
signal with the AGC,anplifier). hg rldnge cght | wcan sel eck one of 25
t hese gain | evel % settlng t he si gl (iqntroISp tS either alloglc "1
or a logic "0". % LNA range contr circuit 2 ustrated i n greater

detail in FIG SQ rves to set t id hi gh

en the r'equi red

[
receiver gain ex S p progr anmmgd v@l fie| land _sptetdel LNA to | ow gain when
the 30 required r%cél ver gain is bel@w tr|1qt vel vey( teresis ig provided
too). Additi onallyl vvhbnever |E<v§t<hIs t he M\lAegagn i f sinmultaneously
adj usts the con pnal to t ifier|t ohpensate flbr the
change in LNA ghi nalt,is conpr g eggf ainul tip 05 that has two
n’icroprocessoﬁ W it 3!-3 regi sters %szi hp ts. On e regi ste{s is a
recei ve AGC ga\w ugt signal f4l i 8g{t hr eshol | he ot her the rising
t hreshol d. TheMfi=igg| { hreshol d ils—gacamll| Iy set a fjew dB hi gherI t han t he
falling thresho d@tﬁ pj ovi de | |
w
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WO 97/ 10644 PCT/ US96/ 14917 13
hysteresi's; this reduces the nunber of transitions which occur when the
input 1S néar the threshold.” The output of the nultiplexer 505 is input to
one input of a conparator 510. The other input of the conmparator 510 is
connected to the 5 receive AGC gain adjust signal. If the AGC gain adj ust
signal is gregigdnbédn the input threshold, the conparator FIUSPAS a
logic "1" to a D flip-flop 515. The D flip-flop 510 latches in the result
of the comparison. Since the flip-flop 515, in the preferred enbodi nent, is
cl ocked by a 38.4 kHz clock, the 10 output of the Dflip-flop 515 is
updated at that rate. The output of the D f#8p-flop 515 is coupled to the
control input of the input nultiplexer 505 in order to select between the
different threshold inputs and therefore causes the conparator to use one
threshold for rising signals and another for falling signals (thus

provi ding hysteresis). The D 15 flip-flop 515 output |s,also coupled to the
control input of an offset nultiplexes and to AF foll onwer 525. The
of fset multiplexer 520 outpyts_a NpRigténBhabief by the

m croprocessor, depending on the cdnigpbg i froepGam O flip-flop 515.
This offset is subtracted f i adin tori gnal and the 20
difference is input to the receive f | ows t he

1ot

m croprocessor, by wit A proper—offset er, to
conpensate at the AGC f &eBKE gain i nposed by the L Thi s causgs the
conbi ned gain of the LNA and AGC anplifier to cH3g potBly, wth no
di scontinuity (except for the unavoi dabl e but biiiggfuditénsi tion spike).
LPF
MUP Read
Register™®
65 260
UpDown L _ 270
from cell Closed Loop Scale by 1.5
Power &
Ratchet <@~ Control Sign Extend
Mode Bit - -
T Ve 220 Y/ 235
Software L Power INA |- To
PA Limit > Limiting Range [# LNA
Control Control Control (1015)
/—255
1st Order
HRE Read -#—{Recursive
gister LPF K 225 — 240
TX RX
Linearizer| Linearizer!
,—250 ¢’/—230 tlf"245
PA PDM PDM
Range DAC DAC
Control
To UHF PA TX_AGC_AD] RX_AGC_AD]

FIG. 2



25 The D flip-flop output is delayed by an interval approxi mately the
sane .as the delay of the PDM DAC and its output filter (52ps in the
preTerred effbodi ment), by The PDMTollower 525. This del ay hel'ps reduce the
transition spi ke by synchroni zing as closely as possible the gain changes
of the LNA and AGC anmplifiers. An exclusive OR (XOR) gate 530 controls 30
the polarity Qiobfasfautput. If it is desired to invert the petrwsssysss? the
range control bit to the LNA, the mcroprocessor wites a logical I to the
polarity control input. The range control bit will be allowed through the
XOR gate 530 if the mcroprocessor wites a logical O to the polarity
control input. This allows use of LNA circu3/8s with either active high or
active |l ow gain boost 35 control pins. The output of the XOR gate 530 is

al so optionally read by the m croprocessor. This enables the m croprocessor
to nmpnitor operation of the circuit. WO 97/ 10644

PCT/ US96/ 14917 14 The receive |linearizer 240 of the present invention
operates in the sane manner as the transmt |ipedlyzer 225 dbﬁiussed above.
Both.the receive and tﬁgggnit | i nearizers 24( are gThtStrated in

FIG 6. The output o receive | Lnggri zer Pos PPM DAC 245
to 5 be convertpd—iwsom a figital, {0 ar aLmﬂi [ he
preferred enmbodi nent} mihi BDACR Abselutel pckgg 04 .,-an L in
the transmt DAg—=#8] The|anal oglrataldevel AGC 4l is input PBPPhe
control port of the peceile AGC. In the manngr gggcrijbedabggxg, | he digital
AGC apparatus of the f |—>> CLR
CHIP X1 CHIP X2
384 kHz
FIG. 3
f’405 ,,—410
_ Multiply by | llﬁ-fti_;g
nput from programmable aturali p  Output
RSSI & Log Amp gain constant Accumulator to Line!;rizer
(FIG. 3) >

K ‘
WP Write 38.4kHz
Register

FIG. 4



10 present invention provides linear, digital automatic gain control of the
receive and transmt AGC anplifiers. The present invention additionally
provi des range control of both the LNA and the UHF transmt power
anplifier. The previous description of the preferred enbodi nents is

provi ded 15 to enable any person skilled in the art to nmake or use the
present i nvenyignoekhe vari ous nodi fications to these enbodiPCFAISI/PIT be
‘readily apparent to those skilled in the art, and the generic principles
defined herein may be applied to other enbodlnents wi t hout the use of the
inventive faculty. Thus, the present |nveﬁb%on is not intended to be
limted to the 20 enbodinents shown her ei is to be accorded the w dest
scope consistent with the principles and novel featureg disclosed herein. |

CLAI M Arblt¥gst; | zed _digital control appars at | Ougaitan 2
cont g ol (ACi) i g navilng a transmt AGC anpl | and a r 8XdliverriésC
anplifier, the appar us congrising: 4 a recei §ed signal strength

detector, coupled to the recqive AG38

|f|e§l,5for ggherating a digital
power. | evel signal from a rdgc % ed 6 $i

an i nted 520 coupled to the

received signal strength det e ., \or gyt al AGC adj ust
signal; a recei ve | i 1508~ zer vl (g a b sl ope val ues and
a 10 pI ural i try I €C QW fffse val integrator, for

response 'to one of the
the plurality of receive

generating a | recqgi ve hdpBs

plurality of iilge gCEI KNFX WREJuR UES

of f set val ues; 525
Rising ——p»- s 530 uP
Threshold
e t PDM Follower Read
| (52ps delay Register
shift register)
Range
uP Polarity Control gollet\r&l
FIG. 5
/- 605
620
RAM
Ofiset Table Output to
—®1  6entries PDM DAC

x 8 bits

/- 610

RAM 615
i Slope Table
IGn;lth — 16 entries
x 8 bits

FIG. 6



a receive digital to anal og converter coupled to the receive 14 linearizer
for converting the linearized receive adjust signal into an analog receive
adj ust signal, e analog recelve adjust signal controlling 16 the gain of
the receive AGC anplifier; a transmt linearizer having a plurality of
transmt slope values and 18 a plurality of transmt offset val ues,
coupled to thgoohedéator, for generating a |linearized tranddrUSaEIOGt
signal in response to one of the 20 plurality of transmt slope values and
one of the plurality of transmt offset values; and 22 atransmt
digital to analog converter coupled to the transmt |inearizer for
converting the linearized transmt adjust $¥nal into an 24 analog transmt
adj ust signal, the analog transmt adjust signal controlling the gain of
the transmt AGC anplifier. 2. The linearized digital control apparatus
of claim 1 further 2 conprising: a closed | oop power control circuit for
accepting transmt power 4 control conmands; and a sumrer having a first

i nput coupled to the closed | oop power 6 control circuit, a second input
coupled to the integrator, and an output coupled to the transmt

| i nearizer, the sumrer for adding a received 8 digital power control

signal to the digital AGC adjust signal. 3. The linearized digital
control apparatus of Caim2 further 2 conprising a transmt power limting
control coupled to an input of the closed | oop power control circuit, the
transmt power limting control 4 restricting the digital AGC adjust signa
to a maxi mum gai n adj ust nent.

AGC
CONTROL
VOLTAGE

DESIRED POWER

FIG. 7



4. The' linearized digital control apparatus of claim1l further 2
conprising a power anplifier coupled to an output of the transmt AGC
anplifier and a Tow noise anplifier coupled to an I nput of the receive 4
AGC anplifier. 5. The linearized digital control apparatus of claim4
further 2 conprising a power anplifier range control, coupled to the

i ntegrator anqudeyefOntrol input of the power anplifier, fopcrpessenstrng a
power anplifier 4 gain control signal. 6. The linearized digital contro
apparatus of claim4 further 2 conprising a |ow noise anplifier range
control, coupled to the integrator and to a control input of the | ow noise
anplifier, for generating a low 4 noi se anpl P8 er gain control signalL 7.
The linearized digital control apparatus of claiml wherein 2 the
integrator is coupled to the transmt |inearizer through a first order

recursive |low pass filter. 8. The linearized digital control apparatus of
claim2 wherein 2 the received digital power control signal is scaled by a
predet erm ned constant.. 9. The linearized digital control apparatus of

claiml1l wherein 2 the digital power |evel signal provides a logarithmc
response. 10. A linearized digital contepl agparatus for automatic gain 2
control (AGC) in a radio having a transnﬁi AGClanplifier and a receive AGC
anplifier, the transmt AGC anplifier beiahg cdﬁpled to a power 4 anplifier,
a |l ow noise anplifier being coupled to t recgi ve AGC anplifier through a
bandpass filter, the apparatus conprisin 6 a received signa
strength detector, coupled to the receive] AGC pnplifier, for generating a
digital power |evel signal from a rgceiv d
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17 8 signal, the digital power |evel signal being adjusted to provide a
| ogarithm c response; 10 an integrator, coupled to the receive

signal strength detector, for generating a digital AGC adjust signal; 12
a filter, coupled to the integrator, for filtering the digital AGC adjust

signal; 14 a low noise anplifier gain control, coupled to the
integrator anQudbpeksyv noise anplifier, for adjusting the gaperméesispar | ow
noi se anplifier; 16 a receive linearizer having a plurality of

recei ve slope values and a plurality of receive offset values, coupled to
the | ow noise anplifier gain 18 control, for generating a |linearized
recei ve adjust signal in response to one Qb the plurality of receive sl ope
val ues and one of the plurality of receive 50 of fset val ues; a receive
digital to anal og convertenGetmP¥d to the receive 22 |ineanzer for
ei ve adjust signal into an anal og receive
adj ust signal, the anal dTxwnsGENve ¥e§ ust] stgnal fcontrolling 24 the gain of
rst-t—qullate=thiking circuit, coupled to
e digitall L AGC adjlust sig tQ a maxi mum
gain adjustnent; a transm I nearizer having a plurality of "transmit sl ope
values and 28 a plurality Yf transmt offset values, coupled to the
integrator and transmt Pp®yer limting circuit, for generating a linearized
transmt adjust signal in 30 regﬁfnse to one of the plurality of transmt
sl ope val ues and one of thg\ptur ty of transmt @kfset91§al ues; and 32
atransmt digital to angddg qonverter coupled tg A transm-t
Tx AGC Yes
>
R3 Fall?

the filter, for limtinyR
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State=10
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| i neari zer for converting the linearized transmt adjust signal into an 34
anal og transmt adjust signal, the analog transmt adjust signal
controlling the gain of the transmt AGC anplifier. 11. A nethod for

|l inearized digital automatic gain control (AGC) 2 in a radio having a
transmt AGC anplifier, a receive AGC anplifier, a transmt |inearizer

havi ng a pl ur@odmeésls transmt sl ope values and a 4 pl ural igCr/usdéA4ENSM t
of fset values, and a receive linearizer having a plurality of receive sl ope

values and a plurality of receive offset val , the 6 nethod conprising
the steps of: the radio receiving a signal; generating a digita
power |evel signal fromthe received signal; 18 ig;eq&ating the digital
power |evel signal to generate a digital AGC 10 adjugt spgnal; generating a
| i nearized digital receivééadjust signal in responsefto #2 one of the
plurality of receive s val ues and one of the pljural iéy of receive

of fset val ues; 14 ‘z‘:m nverting the lineariz&l di:g'ﬁt | recei ve adj ust
signal into an anal og & ve adjust signal, theSna Eemeive adj ust
signal controlling the“gaid 16 of the receive ACC la@RiZier; linearized
digital transmt adjust sif§nal; and 18 convyr & the linearized
digital transmt adjust pignal into an analog tran jbst signal, the

anal og transmt adjust sjygnal controlling 20 the gaingof the transmt AGC
anplifier. 12. Thg> met hpd of claim 11 furth@r[_corrpri i ng he step of
5] Ow

s

ADJU

<
s
(- 4

TX AGC
ADJUST

Qf‘\
g |s2Bx
SIZ0E=
AR
\UO<<E
Y Zg o
M —
(= 48] .
S|y, x O
\| E52 2 2
=
(@] vl gz
S g |SEd
| 282
23
O
(o]
[
e
<
-

1015

DUPLEXER

ANTENNA



2 limtifig the linearized digital transnit adjust signal to a4gc aup §aim R

adj ustent .
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(54) Tide: LINEARIZED DIGITAL AUTOMATIC GAIN CONTROL /

(57) Abstract

The present invention provides linear, dig-
ital automatic gain control (AGC) in a radio. A
received signal is demodulated to provide I and
Q digital baseband signals. A received signal -
strength indication is determined from these sig-
nals and the resulting digital signal is adjusted
to provide a logarithmic response (205). This
signal is then integrated (210) to provide a dig-
ital receive AGC adjust signal. For the trans-
mit AGC adjust, the digital receive AGC adjust
signal is filtered (215) and then summed (270)
with a scaled (260) closed loop power control

7265

command (265). The closed loop power con- gm’an

trol commands (265) are ignored (220) if they
would result in increasing the transmit gain be-
yond the amplifier’s designed maximum output.
The outputs of the transmit and receive AGC
amplifiers are linearized by transmit and receive
linearizers, (225) and (240) respectively, which
pre-distort the digital AGC adjust signals prior
to digital to analog conversion (230) and (245).
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