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Level) is used as a means to estimate transmitter power level. The threshold adjustment parameter is an adjustment parameter used in
adjusting the received signal to produce a degraded signal having a predetermined signal quality, and is determined by incrementally
adjusting the received signal until the degraded signal is determined to have the predetermined signal quality. The received signal is
adjusted in one embodiment by adding noise to the received signal and in another embodiment by adjusting the bias voltage of an RF
amplifier and IF amplifier in the receiver. The threshold adjustment parameter corresponds to the signal strength and quality of the
received signal, and a look-up table approach is used in determining and adjusting the power transmission level for the portable radio.
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OPEN-LOOP POWER CONTROL SCHEME FOR A PORTABLE RADIO

FIELD OF THE INVENTION

The present invention relates generally to portable
radios, and more particularly to portable radios having

a method and apparatus for controlling transmission
power,

BACKGROUND OF THE INVENTION

Portable radios are typically powered by
rechargeable batteries to enable communications in
different locations without requiring an external power
supply. The rechargeable batteries, however, can only
power the portable radios for a limited amount of time
before becoming discharged. After becoming discharged,
a user must go to the inconvenience of replacing the
discharged battery with a charged battery. The amount
of time a rechargeable battery can power a portable
radio before becoming discharged is often referred to
as the battery life or talk time of the battery. The
talk time that a rechargeable battery provides a
portable radio is a critical design feature, and there
is a great need to extend the talk time that batteries
can provide.

Talk time or battery life is determined in large
part by the average power at which the transmitter of
the portable radio transmits information signals over
an up-link channel. Information signals transmitted
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over an up-link channel can be analog or digital and
the transmitted signals are referred to as up-link
signals. The power at which a portable radio must
transmit to establish a satisfactory communication link
varies depending on the distance between the portable
radio and the base station receiving the transmitted
signal. Higher transmission powers are needed to
provide a satisfactory communication link as the
distance increases, lower transmission powers are
needed as the distance decreases.

By effectively adjusting the transmitter power
depending on the location of the portable radio
relative to the base station, the average transmission
power is decreased, and accordingly, battery life and
talk time is extended. Battery life is extended
because the portable radio is prevented from
transmitting at unnecessary high transmission powers
when the portable radio is close to the base station.
Adjusting the transmission power also provides the
benefit of reducing the interference level to other
users caused when portable radios transmit at
unnecessarily high power levels.

There are two general ways of controlling the
transmission power level of a portable radio-- closed-
loop power control and open-loop power control. In
general, the purpose of both the open-loop and closed-
loop power control schemes is to increase the
transmission power level of the portable radio as the
distance between the portable radio and the base
station increases, and to decrease the transmission
power level as the distance between the portable radio
and the base station decreases.

In a closed-loop power control system, the base
station controls the transmission power of the portable
radio by transmitting power control messages to the
portable radio over a down-link channel. These
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messages or information signals transmitted over the
down-link channel can be analog or digital and the
transmitted signals are referred to as down-link
signals. The base station monitors the received signal
power from the portable radio by making an RSSI
(received signal strength indicator) measurement for
the up-link channel. Based on the RSSI measurement, a
power control signal is determined. This power control
signal is then sent to the portable radio over the
down-link channel and is used to adjust the transmitter
power of the portable radio. The closed-loop power
control system provides satisfactory power control, but
this system cannot be used to control the power of
portable radios used in simplex or half-duplex systems
where a single radio frequency channel links a portable
radio with a base station. The closed-loop power
control system also has the disadvantage of adding data
overhead to the communication link by requiring power
control messages to be transmitted from the base
station to the portable radio.

Open-loop power control systems provide for power
control of a portable radio without requiring power
control messages to be transmitted from the base
station to the portable radio. Instead, in open-loop
power control systems the portable radio typically
monitors the received signal strength level (RSSI) of a
down-link signal transmitted from the base station and
adjusts the portable radio’s transmission power based
on the monitored received signal strength. 1In effect,
the received signal strength acts as an estimate of the
distance between the portable radio and the base
station, and the transmission power level of the
portable radio is adjusted based of this estimate. The
open-loop power control system is advantageous because
it is more suitable for half-duplex systems, such as
land mobile portable radio systems, and does not
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increase the data overhead of the communication link
between the portable and the base station.

The problem with open-loop power control systems
using received signal strength to determine
transmission power level is that received signal
strength does not provide a reliable estimation of
distance between a portable radio and a base station.
Received signal strength is unreliable because
interfering signals received at the portable radio can
affect the signal strength measurement.

A portable radio having a more reliable open-loop
power control system is needed.

SUMMARY OF THE INVENTION

The invention provides a portable radio having an
improved open-loop power control scheme, resulting in
reduced power consumption by the portable radio and
extended battery life. The portable radio includes a
transmitter power controller connected to a radio
receiver and transmitter for controlling the power
transmission level of the portable radio. The
transmitter power controller adjusts the transmission
power level of the portable radio based on an estimate
of the signal strength and quality of a down-link
signal transmitted and received at the portable radio.

In the power control scheme of the present
invention, the transmitter power controller estimates
the signal strength and quality of the received down-
link signal by determining a threshold adjustment
parameter for the received signal. The threshold
adjustment parameter is determined by incrementally
degrading the received signal until a degraded signal
is detected having a predetermined signal quality. The
adjustment of the received signal is controlled with
adjustment parameters. The adjustment parameter
associated with the deagraded siagnal havina the
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predetermined signal quality is the threshold
adjustment parameter. Depending on the signal strength
and quality of the received signal, the threshold
adjustment parameter will vary. The threshold
adjustment parameter corresponds to the signal strength
and quality of the received signal, and is used to
determine the transmission power level for the
portable radio.

The transmitter power controller includes a timing
circuit, data detector and signal adjuster. The timing
circuit triggers the transmitter power controller to
periodically redetermine the threshold adjustment
parameter. The data detector and signal adjuster
together determine the threshold adjustment parameter
by using an iterative process. The signal adjuster
adjusts the received signal using a selected adjustment
parameter to produce a degraded signal. The degraded
signal is measured by the data detector to determine if
the degraded signal has the predetermined signal
quality. The signal quality of the degraded signal can
be measured using a CRC (cyclical redundancy check) or
BER (bit error rate) measurement. If the degraded
signal does not have the predetermined signal quality,
the signal adjuster is signaled to incrementally
increase or decrease the selected adjustment parameter
and to adjust the received signal based on the
incrementally-adjusted adjustment parameter to produce
an incrementally increased or decreased degraded
signal. The received signal is incrementally adjusted
in this manner until the data detector determines that

‘the degraded signal has a predetermined signal quality.

The adjustment parameter associated with this degraded
signal is the threshold adjustment parameter.

. In the first preferred embodiment, the signal )
adjuster includes a noise source and scaling parameter
unit for incrementally degrading the received siqnal.
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The noise generator generates noise and the adjustment
parameter unit incrementally scales the generated noise
using incremental adjustment parameters. The threshold
adjustment parameter is determined by adding
incrementally-scaled noise to the received signal until
the data detector detects a degraded signal having the
predetermined signal quality. The adjustment parameter
associated with this degraded signal is the threshold
adjustment parameter for the received signal.

In a second preferred embodiment, the signal
adjuster includes a biasing unit connected to a biasing
circuit for an RF amplifier and IF amplifier in the
receiver. The biasing unit controls the biasing
circuit with adjustment parameters that correspond with
biasing voltages so as to adjust the bias voltage,
which in turn changes gain of the RF and IF amplifiers.
The threshold adjustment parameter is determined by
successively incrementing the bias voltage of the
amplifiers until the data detector detects a degraded
signal having the predetermined signal quality. The
adjustment parameter associated with this degraded
signal is the threshold adjustment parameter for the
received signal.

In both the first and second embodiments, the
threshold adjustment parameter is inputted to the
amplifier controller. To determine the transmission
power level, the amplifier controller accesses a look-
up table having a range of adjustment parameters and
corresponding transmission power levels. The
transmission power level corresponding to the threshold
adjustment parameter is selected from the look-up table
and used in adjusting the transmission power level for
the portable radio.

- Because the portable radio of the present does not
use RSSI measurements in making transmission power-
adjustments, interfering signals at the portable radio
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do not adversely affect accuracy of the transmission
power adjustments. Thus, the portable radio of the
pPresent invention eliminates false transmission power
adjustment caused by interfering signals.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described by means of
exemplifying embodiments with reference to the attached
drawings, wherein

Figure 1 shows a general block diagram of a
portable radio according to the invention;

Figure 2 shows a block diagram of a first
embodiment of a portable radio according to the
invention;

Figure 3 shows a general flowchart of the
operations of the transmitter power controller for a
portable radio according to the first embodiment of the
invention;

Figure 4 shows a block diagram of a second
embodiment Sf a portable radio according to the present
invention;

Figure 5 shows a flowchart of the operations of the
transmitter power controller of a portable radio
according to the second embodiment of the invention;

Figure 6 shows a graph of receiver amplifier gain
vs. frequency and bias voltage.

Figure 7 shows a graph of transmission power level
vs. bias voltage.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings, a portable radio
providing for reduced power consumption and longer
battery life is shown therein and indicated generally
by the numeral 10. Reduced power consumption and
longer battery life is provided through improved
control of the transmission vower level of the nartahle



WO 96/37972 PCT/US96/07308

10

15

20

25

30

35

radio 10. In general, transmission power for the
portable radio 10 is decreased as the portable radio 10
moves closer to a base station 11 and is increased as
the portable radio 10 moves further away from the base
station 11. The portable radio 10 is particularly
intended to operate in a simplex or half-duplex
communications system, such as a land mobile portable
radio system. Portable radio 10 can also be operated
in a cellular full-duplex communications system.
Referring to Figure 1, portable radio 10 includes a
conventional receiver 12, transmitter 14, antenna 16,
T/R switch 20, output device 22, and input device 24.
The antenna 16 receives from base station 11 an
information or down-link signal transmitted over a
down-link channel formed by a selected carrier
frequency. In the preferred embodiments of the present
invention, the down-link signal is transmitted to the
portable radio 10 by modulating the selected carrier
frequency using a digital modulation technique. The

down-link signal received by antenna 16 is directed to

receiver 12 by a transmitter/receiver T/R switch 20.
Receiver 12 processes the received signal in a
conventional manner and outputs a baseband signal to an
output device 22 which can be a speaker, facsimile
machine, or computer. Transmitter 14 also processes in
a conventional manner input signals from input device
24 which can be a microphone, facsimile machine, or
computer. The processed input signals are transmitted
to the base station 11 via T/R switch 20 and antenna
16.

A transmitter power controller 30 is coupled to the
receiver 12 and transmitter 14 for controlling the
transmission power level of transmitter 14 based on an
estimation of the signal strength and quality of the
received signal transmitted over a selected, down-link

channel. 1In the preferred embodiments, transmitter
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power controller 30 estimates the signal strength and
quality of the down-link signal transmitted over a
control channel. The operations performed by
transmitter power controller 30 can all be performed by
configuring a standard microprocessor currently used
for portable radios.

Figure 1 shows a general functional block diagram
of the transmitter power controller 30. As shown in
Figure 1, the transmitter power controller 30 generally
includes a timing circuit 32, data detector 34, signal
adjuster 36, and an amplifier controller 40. The
timing circuit 32 initiates measurement periods
periodically while the portable radio 10 is being used.
In the preferred embodiment, the timing circuit 32
initiates a measurement period at between one to five
second or other pre-determined intervals.

During a measurement period, the data detector 34
and signal adjuster 36 work in conjunction to determine
a threshold adjustment parameter for the received
signal. The data detector 34 and signal adjuster 36
determine the threshold adjustment parameter by
incrementally degrading the received signal (i.e.,
adjusting the signal-to-noise ratio of the received
signal) and measuring the degraded signal,
respectively, until a predetermined signal quality for
the degraded signal is detected. The signal adjuster
36 makes the incremental adjustments to the received
signal by using a sequence of incremental adjustment
parameters ana2...0n . The adjustment parameter
associated with the degraded signal detected to have
the predetermined signal quality is the threshold
adjustment parameter for the received signal. _
Depending on the signal strength and quality of the
received signal, the adjustment parameter required to
adjust the received signal sufficiently to produce a
degraded signal having -the predetermined signal quality
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will vary. Accordingly, the threshold adjustment
parameter is related to the signal strength and quality
for the received signal. The amplifier controller 40
uses the threshold adjustment parameter to determine a
transmission power level and then adjust the
transmission power level for the portable radio 10.

Turning to Figure 2, a first preferred embodiment
of portable radio 10 is shown. Transmitter power
controller 30 is connected to a receiver 12 and
transmitter 14 adapted to receive and transmit,
respectively, modulated signals containing digital
information signals. Receiver 12 includes a bandpass
filter 42, a radio frequency (RF) amplifier 44, a down
converter 46, an intermediate frequency (IF) amplifier
50, a filter 52, a demodulator 54, and a sampler and
buffer 56. Transmitter 14 includes a frequency
modulator 64, a radio frequency (RF) circuit 66, and a
power amplifier 70. Both receiver 12 and transmitter
14 operate in a conventional manner during normal
communications with base station 11. An overview of
these operations is described below.

A down-link signal transmitted from base station 11
over a down-link channel is received by antenna 16, and
is directed to the bandpass filter 42 by T/R switch 20.
Bandpass filter 42 filters the received signal and
directs the filtered signal to RF amplifier 44. The RF
amplifier 44 amplifies the filtered signal and outputs
the amplified signal to downconverter 46 which
downconverts the amplified signal to a lower frequency

‘band. The downconverted signal is then amplified by IF

amplifier 50 and outputted to filter 52, Filter 52
filters the further-amplified signal and this signal is
outputted to demodulator 54. The output signal of
demodulator 54 is digitized by a sampler and buffer 56
and the digital signal is outputted to the output.
device 60 and the transmitter power controller 30.
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Transmitter 14 operates to process and transmit
input signals from input device 62. 1In particular,
input device 62 outputs an information signal to
modulator 64. Frequency modulator 64 modulates the
processed information signal and outputs the modulated
signal to RF circuit 66. The RF circuit 66 filters and
amplifies the modulated signal and outputs the
processed and modulated signal to power amplifier 70.
Power amplifier 70 amplifies the processed modulated
signal and an up-link signal is transmitted from
antenna 16 to base station 11. The power level at
which the up-link signal is to be transmitted from
transmitter 14 is determined by power amplifier 70.

‘ Transmitter power controller 30 is used to adjust
the power level of power amplifier 70 based on an
estimate of the signél strength and quality of the
received signal transmitted over the down-link channel.
By controlling the power level of power amplifier 70,
the transmitter power controller 30 controls the
transmission power level of transmitter 14. In the

.first preferred embodiment, the transmitter power

controller 30 includes timing circuit 32, data detector
34, signal adjuster 36, and amplifier controller 40.
The signal adjuster 36 includes noise source 72,
adjustment or scaling parameter unit 74, scaler 76, and
adder 80. The operation of the transmitter power
controller 30 of the first preferred embodiment in
adjusting the transmission power level of portable
radio 10 is described below with reference to the
flowchart of Figure 3.

During normal operations of portable radio 10 of
the first preferred embodiment, timing circuit 32
initiates a measurement period in which the
transmission power level of portable radio 10 is
readjusted. In the measurement period, a reference
adjustment parameter o:-is initially selected as the
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adjustment parameter for the adjustment parameter unit
74 (block 100). Noise source 72 generates random noise
at a selected power level (block 102). The random
noise generated can have a variety of different
distributions including Gaussian and uniform
distributions. Scaler 7s selectively scales the
generated noise based on the selected adjustment
parameter a (where k represents the number of scaling
iterations performed) stored in the adjustment -
parameter unit 74 and outputted to scaler 76 (block
104) . Accordingly, adjustment parameters correspond to
scaling parameters or factors. The adjustment
parameter o selected during the first iteration of
scaling the generated noise is the reference adjustment
parameter a..

The scaled noise is outputted to adder 80 which
adds the scaled noise to the received signal to produce
a degraded or adjusted signal (block 106). More
specifically, the scaled noise is added to the received
signal outputted from receiver 12 to adder 80. By
adding noise to the received signal, the signal-to-
noise ratio (SNR) and the quality of the received
signal is degraded. ‘

The degraded signal from adder 80 is outputted to
data detector 34. Data detector 34 detects the quality
of the degraded signal (block 108). The quality of the
degraded signal is checked by a cyclical redundancy
check (CRC), bit error rate (BER) measurement, or other
signal quality measurement. Based on the quality
check, the degraded signal is determined to have either
met the predetermined signal quality or not to have met
the predetermined signal quality (block 110). If a CRC
check is used to detect signal quality, the data

‘detector 34 determines if the degraded signal has a

sufficient quality to pass the CRC check. A degraded
signal passinag the CRC ¢heck meets the predetermined
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signal quality and a degraded signal failing the CRC
check does not meet the predetermined signal quality.

If a BER check is used to detect signal quality,
the data detector 34 detects the BER of the degraded
signal and compares the detected BER to a reference
BER. Based on this comparison, the degraded signal is
determined to either have met or not met the
predetermined signal quality. The reference BER in the
preferred embodiment can range from 1% to 5%.

If the predetermined signal quality has not been
met, an increment signal is sent to the adjustment
parameter unit 74 and a second iteration of adjusting
the received signal is performed. 1In particular, the
adjustment parameter unit 74 increments the selected
adjustment parameter o1 to produce a new selected
adjustment parameter a: (block 112). The selected
adjustment parameter a: can be selected from a stored
sequence of adjustment parameters or can be generated
by incrementing the previously-selected adjustment
parameter ai1. In the first preferred embodiment, the
selected adjustment parameter o: is a scaling factor
that is incrementally smaller than the previously-
selected adjustment parameter a..

During a second iteration, scaler 76 adjusts the
generated noise from noise source 72 based on the
selected adjustment parameter a.. Because the selected
adjustment parameter a: is a smaller scaling factor,
the scaler 76 outputs scaled noise at a decreased power
level compared to the first iteration. As discussed
for the first iteration, the scaled noise of the second
iteration is added to the received signal. Because the
scaled noise of the second iteration is at a decreased
power level, the degraded signal produced should have
an improved signal quality compared to the degraded

signal of the first iteration.
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The iterative process of incrementally degrading
the received signal with selected adjustment parameters
0,,0,,...0, (where a,>a,...>a,) is continued until the
data detector 34 determines that a degraded signal
produced at a k-th iteration meets the predetermined
signal quality. Because of the sequential selection of
decreasing adjustment parameters, the degraded signal
for each subsequent iteration should have an
incrementally improved signal quality. Accordingly,
after a particular number of iterations, determined by
the strength and quality of the received signal, a
degraded signal will be produced and detected to have
the predetermined signal quality.

When the data detector 34 determines that the
degraded signal has the predetermined signal quality,
the iterative process of incrementally degrading the
received signal is completed and a threshold-met signal
is outputted to adjustment parameter unit 74 and
amplifier controller 40. In response to the threshold-
met signal, the adjustment parameter unit 74 outputs to
amplifier controller 40 the selected adjustment
parameter used to produce the degraded signal having
the predetermined signal quality (block 114). The
selected adjustment parameter associated with the
degraded signal having the predetermined signal quality
is the threshold adjustment parameter.

The amplifier controller 40 uses the threshold
adjustment parameter to determine the power
transmission level for portable radio 10 (block 116).
Amplifier controller 40 includes a control gate 82, a
control signal generator 84, and a look-up table 86.
The control gate 82 inputs the threshold adjustment
parameter in response to the threshold-met signal from
the data detector 34. Control signal generator 84 uses
the threshold adjustment parameter to determine an
amplifier power level for power amplifier 70 of radio
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transmitter 14. The power amplifier lével is
determined by accessing a look-up table 86. Look-up
table 86 includes a range of potential adjustment
parameters and associated amplifier power levels.

The control signal generator 84 retrieves the power
amplifier level associated with the threshold
adjustment parameter and generates a corresponding
power-level signal. The power-level signal is
outputted to the power amplifier 70 to adjust the
amplification level of power amplifier 70 and determine
the transmission power level of up-link signals
transmitted from the portable radio 10 over an up-link
channel (block 118). After the transmission power
level of portable radio 10 has been adjusted, the
timing circuit 32 is reset so as to initiate another
measurement period after the selected time interval
(block 120).

Referring to Figure 4, a second preferred
embodiment of the present invention is shown. The
portable radio 10 of the second preferred embodiment
includes a conventional transmitter 14, antenna 16, T/R
switch 20, output device 60, and input device 62 that
operate in the same manner as discussed with respect to
the first preferred embodiment. The portable radio 10
of the second preferred embodiment further includes a
receiver 12a that is different from the receiver 12 of
the first preferred. Receiver 12a does not include a
sampler and buffer 56 and includes a biasing circuit 58
having a digital-to-analog D/A converter 58a. Omission
of a sampler and buffer from receiver 12a, results in
the output signal from demodulator 54, which is
preferably a frequency-modulated demodulator, being
inputted into data detector 34 of the transmitter power
controller 30. Data detector 34 of the second
preferred embodiment is designed to handle the



WO 96/37972 PCT/US96/07308

10

15

20

25

30

35

16

demodulated output signal without the requirement of
processing by a discrete sampler and buffer.

In the second preferred embodiment, the transmitter
power controller 30 estimates the quality and strength
of a down-link signal received by receiver 12a in a
manner different from the first embodiment. The signal
adjuster 36 of transmitter power controller 30 includes
a biasing or adjustment parameter unit 90 that is
connected to the biasing circuit 58 to control the bias
voltage and gain of the RF amplifier 44 and IF
amplifier 50. 1In an alternate embodiment, the
adjustment parameter unit 90 is connected to and only
controls the gain of the RF amplifier. As described in
connection with the flow chart of Figure 5, during a
measurement period the biasing parameter unit 90 is
used in estimating the strength and quality of the
received signal. Biasing parameter unit 90 does not
control gain during normal operations of portable radio
10.

Turning to the flow chart of Figure 5, the
operation of the second preferred embodiment is as
follows. During normal operations of portable radio
10, timing circuit 32 initiates a measurement period.
After initiation of the measurement period, a reference
adjustment parameter or bias voltage a1 is selected as
the adjustment parameter for the biasing unit 90 (block
200). The selected adjustment parameter corresponds to
a biasing voltage for the IF and RF amplifiers 44, 50.
The biasing unit 90 adjusts the bias voltage of the RF
and IF amplifiers 44, 50 based on the selected bias
voltage or adjustment parameter (block 202).

To adjust the bias voltage, the biasing unit 90
sends a biasing set digital data corresponding to the
selected adjustment parameter 21 to D/A converter 58a.
D/A converter 58a converts biasing set digital data
into an analog biasing voltage and feeds it to the RF
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and IF amplifiers 44, 50. The biasing circuit 58
adjusts the bias voltage of the amplifiers 44, 50 to
the selected bias voltage in response to the biasing
data or signal. Adjusting the bias voltage of the RF
and IF amplifiers 44, 50 results in the gain for the RF
and IF amplifiers 44, 50 being adjusted.

The gain-adjusted amplifiers 44, 50 output a
degraded signal that is demodulated and outputted to
the data detector 34 of the transmitter power
controller 30. The data detector 34 measures the
signal quality of the degraded signal (block 204)and
compares the measured signal quality to a predetermined
signal quality (block 206). The data detector 34
preferably measures the BER of the degraded signal, but
other signal quality checks such as a CRC check can be
used. When BER is measured, the measured BER is
compared to a reference BER in the range of 1% to 5%.

If the measured BER is less than the reference BER,
the predetermined signal quality has not been met and
the data detector 34 outputs an increment signal to the
biasing unit 90. In response to the increment signal,
the biasing unit 90 adjusts the selected bias voltage
a1 by increasing the bias voltage by an incremental
amount or by selecting a increased bias voltage from a
sequence of stored bias voltages or adjustment
parameters o1,02.0r (where ai1<a:<..<dn) (block 208).

The biasing unit 90 during a second iteration increases
the bias voltage of the RF and IF 90 amplifiers 44, 50
to bias voltage a:. The use of a increased bias
voltage a2 for the RF and IF amplifiers 44, 50 results
in the gain being increased for the received signal.

As the gain is increased, the degradation of the
received signal is decreased and the signal-to-noise
ratio and quality of the degraded signal outputted to
the data detector 34 is increased. A chart showing how
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amplifier gain is increased by increasing bias voltage
over a selected frequency range is shown in Figure 6.

The iterative improving of the quality of the
received signal by incrementally increasing the bias
voltage of the RF and IF amplifiers 44, 50 with
selected adjustment parameters anoz..0n (where
ar<az<..<a») is continued until the data detector 34
detects a degraded signal equal to or greater than the
reference BER. This degraded signal is determined to
have the predetermined signal quality. 1In the
preferred embodiment, the biasing parameter unit 90
provides for about 30dB gain control.

When the data detector 34 determines that the
degraded signal has the predetermined signal quality,
the iterative process of incrementally adjusting the
received signal is completed and a threshold-met signal
is outputted to adjustment parameter unit 74 and
amplifier controller 40. 1In response to the threshold-
met signal, the adjustment parameter unit 90 outputs
the selected adjustment parameter associated with the
degraded signal having the predetermined signal
quality. The outputted adjustment parameter is the
threshold adjustment parameter and the amplifier
controller 40 accepts the outputted or threshold
adjustment parameter (block 210). In a manner analogous
to that described for the first preferred embodiment,
the amplifier controller 40 uses the bias voltage to
corresponding to the threshold adjustment parameter
select the transmission power level of transmitter 14
by accessing a look-up table 86 (block 212), and
adjusts the transmission power level based on this
selected transmission power level (block 214). After
the transmission power level of portable radio 10 has
been adjusted, the timing circuit 32 is reset so as to
initiate another measurement period after the selected
time interval (block 216).
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In both the first and second preferred embodiments,

the adjustment parameters and their associated

transmission power levels can be calculated empirically

or by a calculation method. One method of calculating

the adjustment parameters and associated transmission

power levels contained in look-up table 86 for the

first preferred embodiment is as follows:

The following describes a way of calculating

scaling or adjustment parameters o based on the

power control levels.

First, let

(1)

(2)

(3)

(4)

(5)

Spin (dBm) be the minimum signal level;
APx (dB) be the actual power control range;

Pi< P:<.<Pu(W) be the actual power control
levels;

AP:(dB) be the receiver sensitivity range for
power control;

This parameter represents a range
corresponding to the actual power control
range in terms of the receiver sensitivity
range. For example, we want to transmit a
signal power P, at the signal level of S, +
APre; and

SNR,;, (dB) be the minimum working SNR
level.



WO 96/37972 PCT/US96/07308

20

This parameter represents a measure of a good
quality signal which will typically result in
correctly detected data (such as a CRC
check) .

5 Then set the level of noise source to
Nr = oOnint APre - SNR

'min*

The scaling parameters a,’'s are calculated as

al = 1.0
Qg = 10-Xk ’ Xk = loglo (ﬁ)* APre .
Pl 2APx
10 In this way, the scaling parameters o, follow

AL >02>.>0n,

The receiver will use w for the first scaling
iteration. 1If the detected data of the degraded
signal is correct (i.e., has the predetermined

15 signal quality), the transmitted power level will
be set to P;. Otherwise, the iterative technique
will advance to the next smaller scaling parameter
until an adjustment parameter ox (where
k<x) .produces a degraded signal having the

20 predetermined signal quality. Then the
transmitted power is set to P,.

Example Calculation

In this design example, the parameters of the
open-loop power control technique of the first
25 preferred embodiment are set as follows:
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S min = ~90dBm

APux = 7.784B

Py =05,1.0,15,2.0,2.5,3.0W
AP:e=20dB

SNR win = 15dB.

Here AP:e=20dB means at the received signal level
of Spin + APre=-70dBm, the transmitted power will
be P, = 0.5W. Pg = 3W will be transmitted at the

5 received signal level of S,;, = -90dBm. SNR,;,
=15dB is considered to be a noise level which
results in the degraded signals ordinarily passing
the CRC checks for an analog control channel.
Then, the noise level is

10 Nr =-90 + 20 - 15 = -85dBm.
The scaling parameters are calculated as follows:

02=0.41 for P,=1W

a3=0.244 for P;=1.5W
15 a+=0.168 for P,=2W

as=0.126 for Pg=2.5W

ae=0.1 for Pg=3W.

While the present invention has been described with

20 respect to a portable radio for transmitting and

receiving analog information signals in a half duplex

communication system, those skilled in the art will

recognize that the present invention is also applicable

to a portable radio for transmitting and receiving

25 digital signals and that the present invention is not
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limited to the specific embodiments described and
illustrated herein. It will be appreciated by those of
ordinary skill in the art that the present invention
can be embodied in other specific forms without

5 departing from the spirit or essential character
thereof. The presently disclosed embodiments are
therefore considered in all respects to be illustrative

and not restrictive.
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What is claimed is:

1. A radio having a receiver for receiving a
down-link signal and having a transmitter for
transmitting an up-link signal, the radio comprising:

a. signal adjusting means for incrementally

adjusting the received signal to produce a
degraded signal having a predetermined signal
quality, wherein each incremental degradation of
the received signal produces a degraded signal
having an adjustment parameter associated
therewith;

b. detecting means for detecting the
degraded signal having the predetermined signal
quality, wherein the adjustment parameter
associated with the degraded signal having the
predetermined signal quality is a threshold
adjustment parameter; and

c. means for determining the transmission
power level for the radio based on the threshold
adjustment parameter.

2. The radio of claim 1, wherein the signal
adjusting means adjusts the received signal by adding
noise at incremental power levels to the received

signal.

3. The radio of claim 2, wherein the detecting
means outputs a threshold-met signal in response to
detecting a degraded signal having the predetermined
signal quality and an increment signal in response to
detecting a degraded signal not having the
predetermined signal quality.

4. The radio of claim 3, wherein the signal
adjusting means includes:
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a. noise generating means for generating
noise at a selected power level;

b. scaling means for scaling the generated
noise to produce scaled noise at a selected power
level based on a selected adjustment parameter,
and wherein the adjustment parameters correspond
to noise scaling parameters;

c. adding means for adding the scaled noise
to the received signal to produce a degraded
signal; and

d. wherein the scaling means incrementally
adjusts the selected adjustment parameter in
response to increment signals so as to
incrementally scale the generated noise and
produce the degraded signal having the
predetermined signal quality, and wherein a
selected adjustment parameter is determined to be
the threshold adjustment parameter in response to
the threshold-met signal.

5. The radio of claim 1, wherein the receiver
includes a receiver amplifier having a biasing circuit,
and wherein the signal adjusting means incrementally
adjusts the received signal by incrementally adjusting
the gain of the receiver amplifier.

6. The radio of claim 5, wherein the gain of the
amplifier is incrementally adjusted by incrementally
adjusting the bias voltage of the biasing circuit, and
wherein the adjustment parameters correspond to biasing
voltages of the receiver amplifier.

7. The radio of claim 1, wherein the means for
determining the transmission power level based on the
threshold adjustment parameter includes accessing a
look-up table having a range of adjustment parameters
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and corresponding amplifier power levels, wherein the
amplifier power level corresponding to the threshold
adjustment parameter is selected, and wherein the

transmission power level of the radio is based on the

selected amplifier power level.

8. The radio of claim 1, wherein the detecting
means detects the signal quality of the degraded signals
with a cyclical redundancy check, and wherein a degraded
signal is determined to have the predetermined signal
quality based on the cyclical redundancy check.

9. The radio of claim 1, wherein the detecting
means detects the signal quality of the degraded signals
by measuring the bit error rate of the degraded signals,
and wherein the degraded signals are compared with a
reference bit error rate to determine whether the
degraded signal has the predetermined signal quality.

10. A method for receiving a down-1link signal and
for transmitting an up-link signal, the method
comprising the steps of:

a. adjusting the received signal based on a
selected adjustment parameter to produce a
degraded signal;

b. determining if the degraded signal has a
predetermined signal quality;

c. incrementally adjusting the selected
adjustment parameter if the degraded.signal does
not have the predetermined signal quality;

d. repeating steps 10a, 10b, and 10c to
produce a degraded signal having the predetermined
signal quality, wherein the selected adjustment
parameter associated with the degraded signal
having the predetermined signal quality is a
threshold adjustment parameter; and
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e. determining the transmission power level
for the radio based on the threshold adjustment
parameter.

11. The method of claim 10, wherein the step of
adjusting the received signal includes the step of
adding noise at a power level based on the selected
adjustment parameter.

12. The method of claim 11, wherein the step of
adjusting the received signal includes:

a. generating noise at a selected power
level;

b. scaling the generated noise to produce
scaled noise at a power level based on a selected
adjustment parameter, wherein the adjustment
parameters correspond to noise scaling parameters;
and

c. adding the scaled noise to the received
signal to produce a degraded signal.

13. The method of claim 10, wherein the receiver
includes a receiver amplifier having a biasing circuit,
and wherein the step of adjusting the received signal
includes adjusting the gain of the receiver amplifier
based on the selected adjustment parameter.

14. The method of claim 13, wherein the gain of
the amplifier is incrementally adjusted by incrementally
adjusting the bias voltage of the biasing circuit, and
wherein the adjustment parameters correspond to biasing
voltages of the receiver amplifier.

15. The method of claim 10, wherein the step of
determining the transmission power level for the radio
based on the selected adjustment parameter includes
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5 accessing a look-up table having a range of adjustment
parameters and corresponding amplifier power levels,
wherein the amplifier power level corresponding to the
threshold adjustment parameter is selected for the
radio.

16. The method of claim 10, wherein the step of
determining if the degraded signal has the predetermined
signal quality includes the step of detecting the signal

5 quality of the degraded signals with a cyclical
redundancy check, wherein the degraded signal is
determined to have the predetermined signal quality
based on the cyclical redundancy check.

17. The method of claim 10, wherein the step of
determining if the degraded signal has the predetermined
signal quality includes the step of measuring the bit

5 error rate of the degraded signals and comparing the
measured bit error rate with a reference bit error rate
to determine whether the degraded signal has the
predetermined signal quality.

18. The method of claim 10, further including the
step of periodically re-determining the transmission
power level for the radio during operation of the radio.
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