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A GFSK/GMSK DETECTOR WITH ENHANGED PERFORMANCE IN

Co~CHANNEL INTERFERENCE AND AWGN CHANNELS

FIELD OF THE INVENTION

The invention relates to a detector within a demodulation system for a
wireless receiver that may provide enhanced performance with respect o both
additive white Gaussian noise and co-channel interference, and may enable the
sensitivity of the detector to be adjustably configured.

BACKGROUND OF THE INVENTION

In wireless applications, the performance of a receiver with respect to
additive white Gaussian noise (‘AWGN) may be related to a sensitivity of the
receiver. The sensitivity of the receiver may also be related to a performance of
the receiver with respect to co-channel interference. In a Gaussian shift keying
modulation scheme system, the performance with respect to AWGN may be at
least partially a function of a demodulation scheme. While in a similar system the
performance with respect to co-channel interference may be at least partially a
function of the demodulation scheme and an inter symbol interference (“ISI”). In
such a system, pursuing an enhanced performance with respect to AWGN may
degrade performance with respect to co-channel interference and vice versa.

In such systems, the performance of the receiver with respect to AWGN
m‘ay be augmented by utilizing Maximum Likelihood Sequence Detection

("MLSE"). However, MLSE may not be utilized in a system with a variable
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modulation index, and MLSE implementation may be complex and costly, which
may marginalize its employment in lower cost systems.

Similarly, Decision Feedback Equalization (“DFE”) may provide enhanced
performance with respect to co-channel interference by partially filtering 1S] in a
feedback manner. But DFE may not filter a suitable amount of ISl, and may
result in error propagation, due to the feedback method of filtration.

Consequently, there may be a need for a demodulation system including a
detector that may enhance performance with respect to AWGN and/or co-
channel interference at a reasonable cost of implementation. Additionally, there
may be a need for a demodulation system including a detector that may allow the
sensitivity of the detector to be configured or reconfigured according to a current
application.

SUMMARY

One aspect of the invention may be related to a detector for detecting a

received signal according to a Gaussian shift keying (“GFSK/GMSK") modulation
“scheme. The detector may enhance a detection performance of the receiver
while limiting one or more implementation impacts. An implementation impact
may include an implementation complexity impact, an implementation cost
impact, or other impacts. The detection performance of the detector may be
enhanced in relation to one or more performance aspects, such as, an ISI
aspect, an AWGN aspect, a co-channel! interference aspect, a sensitivity aspect,

an error propagation aspect, or other aspects.
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In some embodiments of the invention, the detector may be configured or
reconfigured to enhance one or more particular performance aspects. The
enhancement of the particular performance aspects may affect, adversely or
otherwise, one or more related performance aspects that may be related to the
particular performance aspects. The detector may be configured or reconfigured
according to a current application of the detector. An application of the detector
may include a voice application, a data application, a long-range application, a
short-range application, or other applications.

According to various embodiments of the invention, the detector may
acquire a received signal that may represent a string of symbols. The received
signal may include an / component and a Q component. The detector may
convert the received signal to a phase signal. The phase signal may be related
to a phase differential between consecutive symbols in the received signal. The
phase signal may be received by an equalizer. The equalizer may filter
interference, such as 18|, or other interference, from the phase signal. By filtering
interference from the phase signal, the equalizer may generate a filtered phase
signal. The filtered phase signal may be received by a decision feedback data
slicer. The decision feedback data slicer may combine the filtered phase signal
with a feedback signal to generate a combined signal. The combined signal may
be converted to a detected signal, The decision feedback data slicer may
include a feedback portion that generates the feedback signal. The feedback
portion may include a configurable feedback gain section that may provide the

feedback signal with a cohfigurable gain. The configurable feedback gain section
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may permit a detection performance of the detector to be enhanced according to
one or more performance aspects. The configurable feedback gain sectionl may
be configured or reconfigured via an operative link to a feedback gain Interface.

In some embodiments of the invention, the detector may include an
equalizer. The equalizer may filter interference from a phase signal. Filtering
interference from the phase signal may generate a filtered phase signal. The
equalizer may be provided in the detector such that the equalizer does not create
a risk of error propagation. For example, the equalizer may be provided to filter
pre-cursor interference. The equalizer may include a filter, such as an FIR filter,
or other filter. One or more filter features of the equalizer may be selected
according to one or more performance aspects, received signal aspects,
implementation impacts, and/or other aspects. A filter feature may include, a tap
number feature, a sampling rate feature, a tape coefficient feature, or other
feature.

According to various embodiments of the invention, the detector may
include a decision feedback data slicer. The decision feedback data slicer may
include a feedback combination section. The %eedback combination section may
combine the filtered phase signal with a feedback signal to generate a combined
signal. The feedback combination section may include an adder, a summer, a
multiplier, an averager, or other combination sections.

The decision feedback data slicer may include a limiter. The limiter may
perform one or more conversions on the combined signal to generate a

preliminary detected signal. A conversion may include a conversion to a purely
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binary signal wherein each symbol in a symbol string associated with the phase
signal may be represented as a single binary symbol, such as, a 7,a 0, a high, a
fow, or anather binary symbol, or other conversions.

The decision feedback data slicer may include a detected slgnal delay
section. The detected signal delay section may delay the preliminary detected
signal to generate a detected signal.

in some embodiments of the invention, the decision feedback data slicer
may include a feedback portion. The feedback portion may include a detected
feedback gain section. The detected feedback gain section may receive the
detected signal and may generate a detected feedback signal corresponding to
the detected signal.

The feedback portion may include a filtered phase feedback signal delay
section. The filtered phase feedback delay section may delay the filtered phase
signal to generate a filtered phase feedback signal.

The feedback portion may include a preliminary feedback combination
section. The preliminary feedback combination section may combine two or
more component feedback signals to generate a preliminary feedback signal. A
compoﬁent feedback signal may include the detected feedback signal, the
filtered phase feedback signal, or other component feedback signals. The
preliminary feedback combination section may include an adder, a summer, a

" multiplier, an averager, or other combination sectians.
The feedback portion may include a configurable feedback gain section.

The configurable feedback gain section may provide the prefiminary feedback
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signal with a configurable gain to generate the feedback signal. The configurable
feedback gain section may permit a detection performance of the detector to be
enhanced according to one or more performance aspects. The configurable
feedback gain section may be configured or reconfigured via an operative link to
a feedback gain interface.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an exemplary embodiment of a detector,

FIG. 2 illustrates a block diagram of an exemplary embodiment of an
equalizer.

FIG. 3 illustrates a block diagram of an exemplary embadiment of a
decision feedback data slicer.
DETAILED DES.CRIPTION OF THE DRAWINGS

FIG. 1 illustrates an exemplary embodiment of a detector 110 for detecting
a received signal according to a GFSK/IGMSK modulation scheme. The received
signal may represent a string of symbols. The received signal may include an /
component and a Q component. The received signal may be fed through one or
more analog-to-digital converters ("ADC") 112. ADC 112 may digitally quantify
the / and Q components of the received signal. The quantified f and Q
components may then be normalized by a normalizer 114. The normalized / and
Q components may then be converted to a phase value. This conversion may
take place in a look-up table 116. Look-up table 116 may include an arctangent
ROM table, or other look up tables. The detector may include a differential

phase detector 118. Differential phase detector 118 may convert the phase
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values generated by look-up table 116 into a phase signal 120 associated with
the phase differential between consecutive symbols in the symbol string
represented by the received signal.

In some embodiments of the invention, phase signal 120 may be received
by an equalizer 122. Equalizer 122 may filter interference, such as IS, or other
interference, from phase signal 120. By filtering interference from phase signal
120, equalizer 122 may generate a filtered phase signal 124. Filtered phase
signal 124 may be received by a decision feedback data slicer 126. Decision
feedback data slicer 126 may generate a detected signal 128. Detected signal
128 may include a binary signal wherein each symbol in the symbol string
represented by the received signal may be represented as a single binary
symbol, such as, a 1, a 0, a high, a low, or another binary symbol.

FIG. 2 illustrates a block diagram of an exemplary embodiment of
equalizer 122. Equalizer 122 may be provided in detector 110 such that
equalizer 122 does not create a risk of error propagation. For example, equalizer
122 may be provided upstream from decision feedback data slicer 126 to filter
pre-cursor interference.

In some embodiments, equalizer 122 may include a filter 210, such as an
FIR filter, or other filters. Filter 210 may receive phase signal 120 and generate a
preliminary filtered phase signal 212. One or more filter features of filter 210 may
be configured according to one or more performance aspects, received signal

aspects, implementation impacts, or other aspects. A filter feature may include a
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sampling rate feature, a tap number feature, a tape coefficient feature, or other
features.

Equalizer 122 may include a normalizer 214. Normalizer 214 may receive
preliminary filtered phase signal 212 and may normalize preliminary filtered
phase signal 212 to generate a normalized preliminary filtered phase signal 216.

Equalizer 122 may include an equalizer delay section 218, Equalizer
delay section 218 may delay normalized preliminary filtered phase signal 216 to
generate filter phase signal 124. Depending on the filter features of filter 210,
filter 210 may delay phase signal 120 while generating preliminary filtered phase
signal 212 by a filter delay amount. Equalizer delay section 218 may be
configured to delay normalized preliminary phase signal 216 by a delay amount
such that the filter delay amount plus the delay amount equal an integer multiple
of a symbol period of phase signal 120.

For example, in the exemplary embodiment illustrated filter 210 may be
configured for use in a Bluetooth compliant system. In such embodiments, filter
210 may include a seven tap filter and may sample at a sampling rate four times
the symbol rate of phase signal 120. This may producé a filter delay amount of
three quarters of the symbol period of phase signal 120. In such embaodiments,
the delay amount may be one quarter of the symbol period of phase signal 120.
This may produce a total delay associated with equalizer 122 of one symbol
period.

FIG. 3 illustrates a block diagram of an exemplary embodiment of

decision feedback data slicer 126. Decision feedback data slicer 126 may
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include a feedback combination section 310. Feedback combination section 310
may combine filtered phase signal 124 with a feedback signal 312 to generate a
combined signal 314. Feedback combination section 310 may include an adder,
a summer, a multiplier, an averager, or other combination sections.

Decision feedback data slicer 126 may include a limiter 316. Limiter 316
may perfdrm one or more conversions on combined signal.314 1o generate a
preliminary detected signal 318. A conversion may include a cbnversion toa
purely binary signal wherein each symbol in the symbol string associated with
phase signal 120 may be represented as a single binary symbol, such as, a 7, a
0, a high, a low, or another binary symbol, or other conversion.

Decision feedback data slicer 126 may include a detected signal delay
section 320. Detected signal delay section 320 may delay preliminary detected
signal 318 to generate detected signal 128.

In some embodiments of the invention, decision feedback data slicer 126
may include a feedback portion 322. Feedback portion 322 may include a
detected feedback gain secﬁon 324. Detected feedback gain section 324 may
receive detected signal 128 and may generate a detected feedback signal 326
corresponding to detected signal 128. Detected feedback signal 326 may be a
binary signal wherein one binary state may be a signal associated with a gain
constant, and the other binary state may be a signal associated with minus the
gain constant, or, the gain constant multiplied by -7. In embodiments of the

invention where detected signal 128 may be a binary signal, the binary state of
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detected feedback signal 326 may depend on the binary state of detected signal
128.

In some embodiments of the invention, when the binary state of detected
signal 128 is fow, detected feedback signal 326 may be a signal associated with
the gain constant, and when the binary state of detected signal 128 is high,
detected feedback signal 326 may be a signal associated with minus the gain
constant. The gain constant may be related to one or more received signal
aspects of the received signal, such as a modulation index, or other aspects. For '
example, the gain constant may be equal to the modulation index. In systems
where the received signal may include a variable modulation index, such as a
Bluetooth compliant system, or other systems, the gain constant may be equal to
a median value of the variable modulation index.

Feedback portion 322 may include a filtered phase feedback signal delay
section 328. Filtered phase feedback delay section 328 may delay filtered phase
signal 124 to generate a filtered phase feedback signal 330.

Feedback portion 322 may include a preliminary feedback combination
section 332. Preliminary feedback combination section 332 may combine two or
more component feedback signals to generate a preliminary feedback signal
334. A component feedback signal may include detected feedback signal 326,
filtered phase feedback signal 330, or other component feedback signal.
Preliminary feedback combination section 332 may include an adder, a summer,

a multiplier, an averager, or other combination sections.
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Feedback portion 322 may include a configurable feedback gain section
336. Configurable feedback gain section 336 may provide preliminary feedback
signal 334 with a configurable gain to generate feedback signal 312.
Configurable feedback gain section 336 may permit a detection performance of
detector 110 to be enhanced according to one or more performance aspects. A
performance aspect may include an |S! aspect, an AWGN aspect, a co-channel
interference aspect, a sensitivity aspect, an error propagation aspect, or other
aspects.

In some embodiments of the invention, configurable feedback gain section
336 may be configured or reconfigured to enhance one or more particular
performance aspects. The enhancement of the particular performance aspects
may affect, adversely or otherwise, one or more related performance aspects
that may be related to the particular performance aspects. Configurable
feedback gain section 336 may be configured or reconfigured according to a
current application of detector 110. An application of detector 110 may include a
voice application, a data application, a long-range application, a short-range
application, or other applications.

According to various embodiments of the invention, detector 110 may
include a feedback gain interface 338. Configurable feedback gain section 336
may be configured or reconfigured via an operative link to feedback gain
interface 338.

In some embodiments of the invention, feedback portion 322 may include

a feedback switch 340. Feedback switch 340 may be controlled by a control bit
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342 to disable feedback portion 322 of decision feedback data slicer 126. For

example, feedback portion 322 may be disabled until a synchronization with the

recelved signal is achieved, and exact frame boundaries may be determined, or

for other purposes,
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What is claimed is:

1. A detector for detecting a received signal according to a Gaussian shift
keying modulation scheme, the detector comprising:

an equalizer that receives a phase signal related to a phase
associated with the received signal, and that filters interference from the phase
signal to generate a filtered phase signal; and

a decision feedback data slicer that receives the filtered phase
signal, that combines a feedback signal with the filtered phase signal to generate
a combined signal and that converts the combined signal to generate a detected”
signal,

wherein the decision feedback data slicer includes a feedback
portion for combining a filtered phase feedback signal, associated with the
filtered phase signal, and a detected feedback signal, associated with the

detected signal, to generate the feedback signal.

2. The detector of claim 1 wherein the feedback portion includes a
configurable feedback gain section that provides the feedback signal with a

configurable gain

3. The detector of claim 2 wherein the configurable gain may be configured

or reconfigured based at least in part on one or more performance aspects.
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4, The detector of claim 3 wherein the one or more performance aspects

include at least one of a co-channel aspect and an additive white Gaussian noise

aspect.

5. The detector of claim 2 wherein the configurable gain may be configured

or reconfigured based at least in part on a current application.

6. A detector for detecting a received signal according to a Gaussian shift
keying modulation scheme, the detector comprising:

a decision feedback data slicer that receives a phase signal related
to a phase associated with the received signal, that combines a feedback signal
with the phase signal to generate a combined signal and that converts the
combined signal to generate a detected signal,

wherein the decision feedback data slicer includes a configurable

feedback gain section that provides the feedback signal with a configurable gain.

7. The detector of claim 6 wherein the configurable gain may be configured

or reconfigured based at least in part on one or more performance aspects.

8. The detector of claim 7 wherein the one or more performance aspects
include at least one of a co-channel aspect and an additive white Gaussian noise

aspect.
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9. The detector of claim 6 wherein the configurable gain may be configured

or reconfigured based at least in part on a current application.

10. A method for detecting a received signal according to a Gaussian shift
keying modulation scheme, the method comprising:

acquiring a phase signal;

filtering the phase signal to generate a filtered phase signal;

combining the filtered phase signal with a feedback signal related to
both the filtered phase signal and a detected signal to generate a combined
signal; and

converting the combined signal to generate the detected signal.

11.  The method of claim 10 further comprising applying a configurable gain to

the feedback signal.

12.  The method of claim 11 wherein the configurable gain is configured or

reconfigured based at least in part on one or more performance aspects.

13.  The method of claim 12 wherein the one or more performance aspects
include at least one of a co-channel interference aspect and an additive white

Gaussian noise aspect.
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14.  The method of claim 11 wherein the configurable gain is configured or

reconfigured based at least in part on a current application.

15. A method for detecting a received signal according to a Gaussian shift
keying modulation scheme, the method comprising:

acquiring a phase signal,

generating a preliminary feedback signal related to the phase signal
and a detected signal;

applying a configurable gain to the preliminary feedback signal to
generate a feedback signal;

combining the phase signal with the feedback signal to generate a
combined signal; and

converting the combined signal to generate the detected signal.

16.  The method of claim 15 wherein the configurable gain is configured or

reconfigured based at least in part on one or more performance aspects.

17.  The method of claim 16 wherein the one or more performance aspects
include at least one of a co-channel interference aspect and an additive white

Gaussian noise aspect.

18.  The method of claim 15 wherein the configurable gain is configured or

reconfigured based at least in part on a current application.
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