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(57) Abstract: A programmable modulator (100) is programmable to operate in either of a GMSK or 8PSK mode. When operating
in a GMSK mode, a signal modulating circuit 105 receives (210) a bit stream (110), maps the bit stream (110) to a phase value in
& complex I, Q form and applies a progressive rotation to the phase value according to GMSK specifications. The output (140) is
N fijtered by a filter circuit (135), preferably using a complex Finite Impulse Response (FIR) filter using the standard coefficients for
an 8PSK modulation to create (215) an approximate GMSK output (165). A GMSK correction circuit (150) determines a correction
term that is added to the filter circuit output (165) so as to correct amplitude variations to allow the output to conform to GSM/EDGE
standards. The same modulator (100) may be programmed to operate in an 8PSK mode with linear predistortion.
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APPARATUS AND METHOD FOR MODULATING AND DIGITALLY
PREDISTORTING A SIGNAL IN MULTIPLE MODULATION SCHEMES

Technical Field
This invention relates generally to communication systems and more
particularly to a modulator for modulating and digitally predistorting a signal in more

than one modulation scheme.

Background

Modulators for various wireless communication systems are known in the art.
Specifically, different modulators exist for modulating wireless communication
signals sent under different communication schemes. For example, data or voice
communications must be modulated into a signal that a mobile station, such as a cell
phone or other mobile communication device, can send or receive. Many wireless
communication schemes are known in the art such as Global System for Mobile
communications (“GSM"), General Packet Radio Service (“GPRS”), EDGE
(Enhanced Data rates for Global Evolution), and so forth. Each of these
communication schemes has a unique modulation method for transmitting data such
as Gaussian Minimum Shift Keyed (“GMSK"), 8 Phase Shift Keyed (“8PSK”), and so
forth.

Given the number of wireless communication schemes, there is a need for
mobile stations and base stations that can receive and transmit information in more
than one wireless communication scheme or modulation method. To transmit and
receive data in multiple schemes or modulations, however, a base/mobile station
typically needs a different modulator for each transmission method, and including
multiple modulators increases the amount of circuitry and logic resources used within
a base/mobile station and the amount of battery drain on the mobile station.
Alternatively, a base/mobile station may use a single modulator that is adapted to
modulate data in more than one communication scheme - known modulators with
such a capacity typically need increased logic and memory resources to perform the
necessary calculations and conversions to modulate a signal in more than one wireless

communication scheme. Moreover, known modulators do not effectively
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incorporporate predistortion of the modulated signal to correct for certain errors in the
signal introduced by, for example, a power amplifier that amplifies the modulator’s
output.

Also, the various communication schemes are regulated by various standards
which must be met. As such, a further problem is ensuring that the wireless
communication signals created by these modulators meet the various standards for the

communication schemes.

Brief Description of the Drawings

The above needs are at least partially met through provision of the apparatus
and method for modulating and digitally predistorting a signal in multiple modulation
schemes described in the following detailed description, particularly when studied in
conjunction with the drawings, wherein:

FIG. 1 is a block diagram as configured in accordance with various
embodiments of the invention,

FIG. 2 is a flow diagram as configured in accordance with various
embodiments of the invention; and

FIG. 3 is a flow diagram of the operation of a GMSK correction circuit in
accordance with an embodiment of the invention.

Skilled artisans will appreciate that elements in the figures are illustrated for
simplicity and clarity and have not necessarily been drawn to scale. For example, the
dimensions and/or relative positioning of some of the elements in the figures may be
exaggerated relative to other elements to help to improve understanding of various
embodiments of the present invention. Also, common but well-understood elements
that are useful or necessary in a commercially feasiblé embodiment are often not
depicted in order to facilitate a less obstructed view of these various embodiments of
the present invention. It will further be appreciated that certain actions and/or steps
may be described or depicted in a particular order of occurrence while those skilled in
the arts will understand that such specificity with respect to sequence is not actually
required. It will also be understood that the terms and expressions used herein have

the ordinary meaning as is accorded to such terms and expressions with respect to
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their corresponding respective areas of inquiry and study except where specific

meanings have otherwise been set forth herein.

Detailed Description

Generally speaking, pursuant to these various embodiments, a programmable
modulator is programmed to operate in either a GMSK or an 8PSK modulation mode.
When operating in a GMSK mode, the modulator determines and sums a GMSK
correction term with an approximate GMSK output. When operating in an 8PSK
mode, the modulator uses digital predistortion to linearize the output from the
modulator. So configured, the programmable modulator can modulate signals in
either a GMSK communication scheme or in an 8PSK communication scheme using a
minimum of logic resources and circuitry.

Referring now to the drawings, and in particular to FIG. 1, the programmable
modulator 100 includes a signal modulating circuit 105 programmable to operate in
either a GMSK mode or an 8PSK mode. The signal modulating circuit 105 receives a
bit stream 110 from a bit stream signal source 115. The bit stream signal source 115
is typically other circuitry associated with the modulator that provides the data to be
modulated and transmitted. The programmable modulator 100 also includes a
linearization circuit 120 that is responsive to a feedback signal 125 from a power
amplifier 130. A filter circuit 135 responds to the output 140 from the signal
modulating circuit 105 and to an output 145 from the linearization circuit 120. The
filter circuit 135 preferably is a complex Finite Impulse Response (“FIR”) filter, as
known in the art, using filter coefficients corresponding to an operating standard for
8PSK modulation. A GMSK correction circuit 150 responds in part to the bit stream
signal 110 to create a GMSK correction circuit output 155. A summing circuit 160
sums the GMSK correction circuit output 155 with the output 165 from the filter
circuit 135 to create an output 170 for the programmable modulator 100.

When the programmable modulator 100 operates in the 8PSK mode, the
linearization circuit 120 is enabled or active and the GMSK correction circuit output
155 includes a signal corresponding to zero degrees in complex I, Q (where “T” is
understood to correspond to an in-phase component and “Q” is understood to

correspond to a quadrature component) form. When the programmable modulator
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100 operates in the GMSK mode, part of the linearization circuit 120 is disabled or
inactive, and the GMSK correction circuit output 155 includes a GMSK correction
signal. Preferably, the GMSK correction signal corresponds to a second order
correction term from the decomposition of the GMSK signal.

In a preferred embodiment, the signal modulating circuit 105 includes a
mapper circuit 175 that is programmable to operate in either a GMSK or an 8PSK
mode. The mapper circuit 175 is responsive to the bit stream signal 110 and creates a
mapper circuit output 180. The signal modulating circuit 105 also may include a
rotation application circuit 185, responsive to the mapper circuit output 180, that is
also programmable to operate in either a GMSK or an 8PSK mode.

In another preferred embodiment, the linearization circuit 120 includes a
coefficient determining circuit 190 that is responsive to a filter parameter determining
circuit output 192 from a filter parameter determining circuit 194. The coefficient
determining circuit 190 outputs the linearization circuit output 145. The filter
parameter determining circuit 194 is responsive to the feedback signal 125 from the
power amplifier 130 such that its output, when applied to the coefficient determining
circuit 190, causes the linearization circuit output 145 to cause predistortion of the
modulated signal 170.

One skilled in the art will recognize that the various individual circuits and
elements described herein, although when combined as described to form an
embodiment of the invention, are readily designed by one skilled in the art and may
operate in conjunction with various software elements to perform according to this
description. Other enabling structure can be applied by those skilled in the art as
desired as well.

The operation of the programmable modulator 100 is perhaps better
understood with reference to FIG. 2. First, the base/mobile station or other device in
which the programmable modulator 100 operates determines 200 in which mode the
modulator 100 will operate, either in a GMSK mode or in an 8PSK mode. The device
may make this determination 200 based on the amount of data to be transferred, the
service plan of the user, or other appropriate factors. Then, depending on the mode,

the modulator 100 will operate using somewhat different steps.
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In the GMSK mode, the programmable modulator 100 is first programmed
205 by associated circuitry to operate in the GMSK mode. In a preferred
embodiment, programming 205 the modulator 100 includes programming the mapper
circuit 175 and the rotation application circuit 185 to operate in a GMSK mode.
Further, the filter parameter determining circuit 194 is disabled, or, in other words, is
not active when the modulator 100 operates in the GMSK mode. In this mode, the
coefficient determining circuit 190 is still active, but receives no significant input
from the filter parameter determining circuit 194, and outputs a constant signal,
preferably corresponding to the default filter parameter of BT = 0.3.

In the GMSK mode, the bit stream 110 is input 210 to the programmable
modulator 100 whereupon a portion of the programmable modulator 100 creates 215
an approximate GMSK output. As is understood in the art, when modulating a signal
in either a GMSK modulation or in an 8PSK modulation the bit stream 110 must be
mapped or output into a phase value in complex I, Q form. In a GMSK modulation,
the bit stream 110 is mapped to negative ninety degrees where the bit reads “zero”
whereas the bit stream 110 is mapped to positive ninety degrees where the bit reads
- “one.” Preferably, the mapper circuit 175 receives the bit stream 110 and outputs the
phase value.

Next, a progressive rotation is applied to the phase value to create a rotated
amplitude-phase value. In a GMSK mode, the complex I, Q form phase value
preferably is rotated by a positive ninety degrees. In a preferred embodiment, the
rotation application circuit 185 receives the phase value in complex I, Q form and
applies the rotation to output the rotated amplitude-phase value in complex I, Q form.

Then, the filter circuit 135 creates a filtered rotated amplitude-phase value by
filtering the rotated phase value. Preferably, the filter circuit 135 includes a complex
Finite Impulse Response (“FIR”) filter. In the preferred filter, the FIR filter uses the
filter coefficients that correspond to the operating standard for 8PSK modulation,
whether the modulator is operating in either the GMSK mode or 8PSK mode. When
the modulator 100 operates in a GMSK mode, the output 165 of the filter circuit 135
is approximately a GMSK output even though the signal has been filtered according
to the coefficients for an 8PSK modulation because the signal has been mapped and

rotated according to a GMSK modulation.
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The GMSK correction circuit 150 receives the bit stream 110 to determine 220
the GMSK correction term. The correction term is necessary to correct errors
introduced by modulating and filtering the GMSK signal with an 8PSK modulation
based filter. A mathematical decomposition of a GMSK signal demonstrates that the
GMSK signal is a multi-order term with a first term very similar to an 8PSK signal
output with a positive ninety degree progressive rotation. In other words, a GMSK
signal modulated with an 8PSK modulation is close to a proper GMSK signal;
however, the filtered rotated amplitude-phase value from the filter circuit 135 includes
variations in amplitude that fail GSM/EDGE specifications. By adding the second
term of the mathematical decomposition of the GMSK signal to the 8PSK filtered
GMSK signal, the amplitude variations that exceed the GSM/EDGE specifications are
eliminated. The correction term that corrects the amplitude variations corresponds to
the second order term from the GMSK signal decomposition.

In a preferred embodiment, calculating the GMSK second order term involves
filtering a modified data stream with a filter that is two periods in length. The
modified data stream represents a Binary Phase Shift Keying (“BPSK”) signal, as
known in the art, with a positive ninety degree progressive rotation and a further data
dependent positive or negative ninety degree offset. Given these offsets, the phase
value for the second order term always jumps ninety degrees for every symbol period.
Thus, in complex I, Q form, the I term will be zero for every other symbol period, and
the Q term will be zero when the I term is non-zero. In this case, a filter with a length
of two symbol periods can be simulated without significant processing or memory
usage. Instead, a look-up table with a number of coefficients corresponding to the
oversampling factor per symbol period can be used to simulate the filter at the second
order and thereby determine the correction factor corresponding to the second order
term.

Preferably, and with momentary reference to FIG. 3, the GMSK correction
circuit 150 calculates the correction term by receiving 310 the bit stream 110 and the
phase value 330 from the mapper circuit 175. The GMSK correction circuit 150 then
determines 320 whether a positive or negative ninety degree rotation is applied to the
phase value based upon the bit values from the bit stream 110, and the GMSK
correction circuit 150 applies 340 the data dependent rotation. Next, the GMSK
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correction circuit determines 350 a correction factor from a previously calculated look
up table stored in memory based upon the rotated phase value. Referring again to
FIG. 2, this correction factor is the GMSK correction term output from the GMSK
correction circuit 150 and summed 225 with the approximate GMSK output. The
summed value is output to a power amplifier 130 for transmission.

In the 8PSK mode, the programmable modulator 100 is programmed 230 to
operate in the 8PSK mode. Preferably, the programming 230 includes programming
the mapper circuit 175 and the rotation application circuit 185 to operate in an 8PSK
mode. Further, the filter parameter determining circuit 194 and filter coefficient
determining circuit 190 are enabled, or, in other words, are active when the modulator
100 operates in the 8PSK mode.

In the 8PSK mode, the bit stream 110 is input 210 to the programmable
modulator 100 whereupon a portion of the programmable modulator 100 creates 235
an 8PSK output. As described above, when modulating a signal in an 8PSK
modulation, the bit stream 110 must be mapped or output into a phase value in
complex I, Q form depending on the bit stream values received.

Preferably, in an 8PSK modulation, the mapper circuit 175 receives the bit
stream 110 and outputs the phase value in one of eight complex I, Q values depending
on the bit stream values received. The phase values are determined according to the
following relationships:

- areceived bit stream of the value seven results in an output of zero degrees
in complex I, Q form;

- a received bit stream of the value three results in an output of positive forty-
five degrees in complex I, Q form;

- areceived bit stream of the value two results in an output of positive ninety
degrees in complex I, Q form;

- areceived bit stream of the value zero results in an output of positive one
hundred thirty five degrees in complex I, Q form;

- a received bit stream of the value one results in an output of position one
hundred eighty degrees in complex I, Q form;

- a received bit stream of the value five results in an output of negative one

hundred thirty five degrees in complex I, Q form;
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- areceived bit stream of the value four results in an output of negative ninety
degrees in complex I, Q form; and

- areceived bit stream of the value six results in an output of negative forty-
five degrees in complex I, Q form.

Then, in the preferred embodiment, the rotation application circuit 185 applies
a 67.5 degree progressive rotation to the phase value, and the rotated amplitude-phase
value is filtered by the filter circuit 135 as discussed above. The filter then outputs an
8PSK output corresponding to an 8PSK modulated signal. Next, the summing circuit
160 sums the 8PSK output with the output of the GMSK correction circuit 150, which
is a signal corresponding to zero in complex I, Q form when operating in an 8PSK
mode, such that the 8PSK output is not changed by the GMSK correction circuit
output.

With continuing reference to FIG. 2, when in the 8PSK mode, the
programmable modulator 100 uses predistortion to linearize the output of the power
amplifier 130 for the modulator 100. The power amplifier output 198 for the
programmable modulator 100 is detected 240, preferably by a power amplifier output
detector 196. The power amplifier output detector 196 includes known circuitry to
detect the power amplifier output 198 and output a signal 125 corresponding to the
power amplifier output 198. The linearization circuit 120 receives the signal 125 and
determines filter parameters and coefficients to apply to the filter circuit 135 that
causes the filter circuit 135 to linearize the output of the modulator 100 when in the
8PSK mode.

In a preferred émbodiment, the filter parameter determining circuit 194
receives the signal 125 corresponding to the power amplifier output 198. The filter
parameter determining circuit 194 starts with a baseline filter parameter of BT
equaling 0.3. As is known in the art, the factor BT is a standard factor for modulating
filters, and the BT factor of 0.3 is the factor amount called for in various wireless
communication specifications including the 8PSK modulation standard. If the BT
factor for the filter is varied, however, the output of the filter circuit 135 can be
optimized and, for example, linearized. The filter parameter determining circuit 194,
therefore, monitors the signal 125 corresponding to the power amplifier output 198

and determines 245 a filter parameter, such as the BT factor, that linearizes the power
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amplifier output 198. Known algorithms, for example, performed by the filter
parameter determining circuit 194 can lead to the determination of a BT factor for the
filter circuit 135 that improves the linearization of the modulator output.

The filter parameter determining circuit 194 then outputs a signal 192
corresponding to the determined filter parameter that is received by the coefficient
determining circuit 190. The coefficient determining circuit 190, in turn, determines
250 the filter coefficients for the filter circuit 135 that correspond to the filter
parameter. For example, the coefficient determining circuit 190 may look up from a
previously calculated and stored table the filter coefficients that correspond to a BT
factor of 0.29 if the filter parameter determining circuit 194 determines that a BT
factor of 0.29 would linearize the power amplifier output 198. Alternatively, the
coefficient determining circuit 190 may calculate the filter coefficients corresponding
to the filter parameters using known methods. The filter coefficients are
communicated to the filter circuit 135 such that the filter applied to the rotated
amplitude-phase value at least partially linearizes the modulator output. In other
words, the filter circuit 135 uses the filter coefficients to filter 255 the 8PSK output of
the rotation application circuit 185.

In an alternative embodiment, the output from the linearization circuit 120 is
also communicated to the GMSK correction circuit 150 where the filter coefficients
determined by the linearization circuit 120 are used to modify the GMSK correction
circuit’s 150 lookup table. In this manner, the GMSK correction circuit output 155
may provide additional linearization for an 8PSK output for the programmable
modulator when operating in an 8PSK mode. In this alternative embodiment, the
GMSK correction circuit output 155 may be varied from zero based upon the signal
received from the linearization circuit 120, and more particularly the filter parameter
determining circuit 194, when operating in an 8PSK mode by applying the filter
coefficients to the output 155 such that the summing circuit 160 linearizes or
otherwise optimizes the modulator output when summing the GMSK correction
circuit output 155 with the rotated amplitude-phase value.

Advantageously, the signal modulating circuit 105 can be adapted from a
typical 8PSK modulator with only minor changes to operate as described herein.

Further, the GMSK correction circuit operates with a minimum of logic resources
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because the correction terms can be either precalculated and stored in a lookup table
or calculated with a small amount of processing power. Similarly, the described
programmable modulator includes predistortion to linearize the 8PSK output without
a significant addition of logic or memory resources.

Those skilled in the art will recognize that a wide variety of modifications,
alterations, and combinations can be made with respect to the above described
embodiments without departing from the spirit and scope of the invention, and that
such modifications, alterations, and combinations are to be viewed as being within the

ambit of the inventive concept.

10
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We claim:
1. A method comprising:
- determining whether a programmable modulator is to operate in a Gaussian
Minimum Shift Keyed (GMSK) mode or an 8 Phase Shift Keyed (§PSK) mode;
- operating the programmable modulator in the GMSK mode in response to
determining that the programmable modulator is to operate in the GMSK mode
wherein operating the programmable modulator in the GMSK mode further
comprises:

- summing an approximate GMSK output and a GMSK correction term;
- operating the programmable modulator in the 8PSK mode in response to
determining that the programmable modulator is to operate in the 8PSK mode
wherein operating the programmable modulator in the 8PSK mode further comprises:

- using predistortion to linearize a power amplifier output.

2. The method of claim 1 wherein operating the programmable modulator in the
GMSK mode further comprises:

- programming the programmable modulator to operate in the GMSK mode;

- inputting a bit stream into the programmable modulator;

- creating the approximate GMSK output using a portion of the progrﬁmmable
modulator; and

- determining the GMSK correction term; and
- wherein operating the programmable modulator in the 8PSK mode further
comprises:

- programming the programmable modulator to operate in the 8PSK mode;

- inputting the bit stream into the programmable modulator;

- creating an 8PSK output using the portion of the programmable modulator;

- detecting the power amplifier output from a power amplifier responsive to

the programmable modulator;

- determining a filter parameter that linearizes the power amplifier output
using signals corresponding to the power amplifier output and to the modulator
output;

- determining filter coefficients corresponding to the filter parameter; and

11
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- using the filter coefficients in a filter in the programmable modulator.

3. The method of claim 2 wherein programming the programmable modulator to
operate in the GMSK mode further comprises:

- programming a mapper to operate in a GMSK mode;

- programming a rotation applicator to operate in a GMSK mode;

- disabling a filter parameter determining circuit;

- disabling a filter coefficient determining circuit; and
wherein programming the programmable modulator to operate in the 8PSK mode
further comprises:

- programming the mapper to operate in an 8PSK mode;

- programming the rotation applicator to operate in an 8PSK mode;

- enabling the filter parameter determining circuit;

- enabling the filter coefficient determining circuit.

4. The method of claim 2 wherein using the portion of the programmable modulator
further comprises:

- mapping the bit stream to output a phase value;

- creating a rotated phase value by rotating the phase value;

- creating a filtered rotated amplitude-phase value by filtering the rotated phase value.

5. The method of claim 4 wherein creating a rotated phase value by rotating the phase
value further comprises:

- progressively rotating the phase value by 90 degrees when the programmable
modulator operates in a GMSK mode; and

- progressively rotating the phase value by 67.5 degrees when the programmable

modulator operates in an 8PSK mode.
6. The method of claim 4 wherein filtering the rotated phase value further comprises:

- applying a complex Finite Impulse Response (FIR) filter using the filter coefficients

that further correspond to an operating standard for §PSK modulation.

12
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7. The method of claim 2 wherein determining the GMSK correction term further
comprises:
- calculating a GMSK second order term that corresponds to a second order term that

results from a decomposition of a GMSK signal.

8. An apparatus comprising:

- a signal modulating circuit programmable to operate in either of both a Gaussian
Minimum Shift Keyed (GMSK) mode or an 8 Phase Shift Keyed (8PSK) mode and
responsive to a bit stream signal;

- a linearization circuit responsive to a feedback signal from a power amplifier;

- a filter circuit responsive to a signal modulating circuit output and further responsive
toa lineaﬂzatiqn circuit output;

- a GMSK correction circuit responsive to the bit stream signal; and

- a summing circuit responsive to a filter circuit output and a GMSK correction circuit

output.

9. The apparatus of claim 8 wherein when the apparatus operates in the 8PSK mode:

- the linearization circuit is enabled; and

- the GMSK correction circuit output comprises a signal corresponding to zero
degrees in complex I, Q form; and
- when the apparatus operates in the GMSK mode:

- the linearization circuit is partially disabled; and

- the GMSK correction circuit output comprises a GMSK correction signal.

10. The apparatus of claim 9 wherein the GMSK correction signal corresponds to a

second order term that results from a decomposition of a GMSK signal.
11. The apparatus of claim 8 wherein the signal modulating circuit further comprises:

- a mapper circuit programmable to operate in either of both a GMSK mode or an

8PSK mode, the mapper circuit responsive to the bit stream signal; and

13
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- a rotation application circuit programmable to operate in either of both a GMSK
mode or an 8PSK mode, the rotation application circuit responsive to a mapper circuit

output.

12. The apparatus of claim 8 wherein the linearization circuit further comprises:

- a coefficient determining circuit responsive to a filter parameter determining circuit
output such that the coefficient determining circuit outputs the linearization circuit
output; and

- a filter parameter determining circuit responsive to the feedback signal from a power
amplifier such that the filter parameter determining circuit output, when applied to the
coefficient determining circuit, causes the linearization circuit output to cause

predistortion of a modulation signal in the filter circuit.

13. The apparatus of claim 8 wherein the filter circuit further comprises a complex
Finite Impulse Response (FIR) filter using filter coefficients corresponding to an

operating standard for 8PSK modulation.

14. An apparatus comprising:

- a signal modulating means for receiving a bit stream and for outputting a signal
modulating means output, the signal modulating means operational in a Gaussian
Minimum Shift Keyed (GMSK) mode wherein the signal modulating means output is
an approximate GMSK signal and in an 8 Phase Shift Keyed (8PSK) mode wherein
the signal modulating means output is an 8PSK signal;

- a filter means for filtering the signal modulating means output; and

- a GMSK correction means for receiving the bit stream, for determining and
outputting a GMSK correction signal when operating in a GMSK mode, and for
outputting a signal corresponding to zero degrees when operating in an SPSK mode;
and

- a summation means for summing a filter means output and a GMSK correction

means output.

15. The apparatus of claim 14 further comprising:

14
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- a linearization means for linearizing a power amplifier output when the signal

modulating means operates in an 8PSK mode.

16. The apparatus of claim 15 wherein the linearization means further comprises:

- a power amplifier output detection means for creating a signal corresponding to the
power amplifier output from a power amplifier responsive to the summation means;

- a filter parameter determining means for using the signal corresponding to the power
amplifier output from the power amplifier to determine a filter parameter for
linearizing the power amplifier output; and

- a coefficient determining means for determining coefficients relating to the filter
parameter, the filtering means being responsive to a signal corresponding to the

coefficients.

17. The apparatus of claim 14 wherein the signal modulating means further
comprises:

- a mapper means for receiving the bit stream and mapping the bit stream into a
complex I, Q mapper means output value;

- arotation means for receiving the complex I, Q mapper means output value, for
progressively rotating the complex I, Q mapper means output value by 90 degrees
when the signal modulating means operates in a GMSK mode, and for progressively
rotating the complex I, Q mapper means output value by 67.5 degrees when the signal

modulating means operates in an 8PSK mode.
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