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TITLE OF THE INVENTION

[o001] ADAPTIVE PREDISTORTION DEVICE AND METHOD
USING DIGITAL RECEIVER

FIELD OF THE INVENTION

[0002] The present invention relates to predistorting devices. More
specifically, the present invention is concerned with a predistorting device and

to a method of predistortion using digital receivers.

BACKGROUND OF THE INVENTION

[0003] The demand for developing ultra-linear microwave transmitter,
supporting high crest factor signals, increases rapidly, for example by the

definition of the third generation (hereinafter "3G") of mobile radio standards.

[0004] The demanding adjacent channel power ratio (hereinafter
"ACPR") requirements of these systems, i.e., W-CDMA or cdma2000, present
a critical issue for transmitter designers if both ultra-linearity and high power
efficiency must be met. In fact, the degradation of linearity becomes significant
as the power amplifier (hereinafter "PA") operates close to saturation where
both high power efficiency and high output power emission are achieved.
Therefore, for different stimulus levels driving the amplifiers and for a given
ACPR specification, the trade-off between power efficiency and linearity impose
an operating point with poor power efficiency. In this case, lineatization
techniques become the only possible way to recuperate the linearity and to

allow optimal trade-off.

[0005] Various linearization methods have been reported and are

derived, by any measure, from three main types named:

EL844046025
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[0006] Feed-forward (R. Meyer, R. Eschenbach and W. Edgerley, Jr.
"A wide-Band Feedforward Amplifier", IEEE J. of Solid-State Circuits, vol. sc-9,
no. 6, pp. 442-428, December 1974), which includes an open loop
configuration, can handle a multicarrier signal but can not easily be controlled
against the effects of drift. Moreover, their low power efficiency make it suitable
in base station only. A good analysis of adaptation behavior has been
presented in J. Cavers, "Adaptation Behavior of a Feedforward Amplifier
Linearizer", IEEE Transactions on Vehicular Technology, vol. 44, no. 1, pp. 31-
40, February 1995;

[0007] Feedback (A. Bateman & D. Haines, "Direct Conversion
Transceiver Design for Compact Low-Cost Portable Mobile Radio Terminals®
IEEE Conf. pp. 57-58, 1989), which presents an excellent reduction of out-of-
band emissions, is relatively easy to implement. However, stability requirement

limits its bandwidth because of its critical dependence on the loop delay; and

[0008] Predistortion (N. Imai, T. Nojima and T. Murase, "Novel
Linearizer Using Balanced Circulators and lts Application to Multilevel Digital
Radio Systems®, IEEE Transactions on Microwave Theory and Technigues,
vol. 37, no. 8, pp. 1237-1243, August 1989), this technique has historically
been the most common method in analog implementation. This method uses a
nonlinear element which precedes the device to be compensated, its gain-
expansion characteristic cancels the gain compression of the amplifier. Like
feed-forward, it has an open loop configuration and therefore is very sensitive
to drifts.

[0009] The predistortion technique has historically been the most
common method in analog implementation. Now, this technique is well suited
to digital implementation, for example by integrating a DSP chip to handle high-
speed arithmetic. In this way, important experimental results have been

presented in the following papers, demonstrating the capability in reducing the
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spectral spreading and how adaptive correction for drift, aging and temperature

variation can be achieved using DSP circuits.

[0010] [1]1 Y. Nagata, "Linear Amplification Technique for Digital
Mobil", in Proc. IEEE Veh. Technol. conf., San Francisco, CA, 1989, pp. 159-
164.

[0011] [2] M. Faulkner, T. Mattsson and W. Yates, "Adaptive
Linearization Using Predistortion” in Proc. 40th IEEE Veh. Technol. Conf. 1990.
pp. 35-40.

[0012] [3] A.S. Wright and Willem G. Durtled, "Experimental
Performance of an Adaptive Digital Linearized Power Amplifiers", |EEE
Transactions on Vehicular Technology, vol. 41, no 4, pp. 395-400, November
1992.

[0013] [4] J. Cavers, "Amplifier Linearization Using a Digital
predistorter with Fast Adaptation and Low Memory Requirement’, IEEE
Transaction on Vehicular Technology, vol. 39, no 4, pp. 374-382, November
1990.

[0014] [5] E.G. Jeckeln, F.M. Ghannouchi and Mohamad Sawan,
"Adaptive Digital Predistorter for Power Amplifiers with Real Time Modeling of
Memoryless Complex Gains", IEEE MTT-S 1996 International Microwave
Symposium, San Francisco, CA, June 1996.

[0015] Although the above-mentioned technique is powerful due to its
digital operating principles, it presents certain inflexibility in the sense that; it is
suitable only when the baseband signal is acceded directly before the up-
conversion. In most cases, linearizer designers have no access to baseband
signal; hence, they found themselves confined to use traditional Radio-
frequency (hereinafter “RF”) analog predistortion techniques. In this case, it is
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more difficult to meet severe ACPR for a high crest factor's signals

specifications while operating not in far back-off regions.

[0016] The RF-based predistorter proposed by Stapelton et al. (S.P.
Stapelton and F.C. Cotescu, "An Adaptative Predistorter for a Power Amplifier
Based on Adjacent Channel Emissions", IEEE Transactions of Vehicular
Technology, vol. 41, no 1, pp 49-56, February 92) offers an interesting
alternative. It includes a complex gain tuning circuit that controls the amplitude
and phase of the RF signal. The baseband environment is confined to optimize
two nonlinear work functions by monitoring the ACP-minimization (Adjacent
Channel Power) measured by a power detector. Drawbacks of this method are
its slow convergence toward the minimum and its sensitivity to the

measurement noise.

OBJECTS OF THE INVENTION

[0017] An object of the present invention is therefore to provide an

improved predistortion device and method.

SUMMARY OF THE INVENTION

[0018] More specifically, in accordance with the present invention,
there is provided an adaptive method for predistorting a signal to be
transmitted, supplied by a signal source to an input of a power amplifier having
an output for delivering an amplified output signal, said method comprising the
steps of:

predistorting the signal to be transmitted by means of
predistortion amplitude and phase look-up tables interposed between the signal
source and the input of the power amplifier;

producing, via a first digital receiver, a first feedback signal in

response to the predistorted signal;
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producing, via a second digital receiver, a second feedback
signal in response to the amplified output signal from the power amplifier;

modeling the power amplifier in response to the first and
second feedback signals; and

updating the predistortion amplitude and phase look-up table

means in response to said modeling of the power amplifier.

[0019] According to a second aspect of the present invention, there is
provided an adaptive device for predistorting a signal to be transmitted,
supplied by a signal source to an input of a power amplifier having an output for
delivering an amplified output signal, said adaptive device comprising:

a complex gain adjuster interposed between the signal source
and the input of the power ampilifier;

distorting generator including predistortion amplitude and
phase look-up table; said distorting generator being so configured as to control
said complex gain adjuster to predistort the signal to be transmitted in
amplitude and in phase;

a first digital receiver producing a first feedback signal in
response to the predistorted signal from said complex gain adjuster;

a second digital receiver producing a second feedback signal
in response to the amplified output signal from the power amplifier;

a control module receiving said first and second feedback

signals from said first and second digital receivers; said control module being-

so configured as to model the power amplifier in response to the first and
second feedback signals and to update said amplitude and phase look-up table

of said distortion generator in response to said modeling of the power amplifier.

[0020] According to a third aspect of the present invention, there is
provided a transmitter system for amplifying and up-converting a baseband

signal from a signal source; said transmitter system comprising:
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a power amplifier having a signal input and an amplified signal
output;

a complex gain adjuster interposed between the signal source
and said signal input;

distorting generator including predistortion amplitude and
phase look-up table; said distorting generator being so configured as to control
said complex gain adjuster to predistort the baseband signal in amplitude and
in phase;

an up-converter receiving said predistorted baseband signal;
said up-converter being so configured as to supply an up-converted
predistorted signal to said signal input of said power amplifier;

a first digital receiver producing a first feedback signal in
response to the predistorted baseband signal;

a second digital receiver producing a second feedback signal
in response to the up-converted amplified output signal from said amplified
signal output;

a control module receiving said first and second feedback
signals from said first and second digital receivers; said control module being
so configured as to model said power amplifier in response to the first and
second feedback signals and to update said amplitude and phase look-up table
of said distorting generator in response to said modeling of said power
amplifier.

[0021] According to a final aspect of the present invention, there is
provided an adaptive device for predistorting a signal to be transmitted,
supplied by a signal source to an input of a power amplifier having an output for
delivering an amplified output signal, comprising:

predistorter means comprising predistortion amplitude and

phase look-up table means interposed between the signal source and the input
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of the power amplifier for amplitude and phase predistorting the signal to be
transmitted;

digital receiver means for producing a first feedback signal in
response to the predistorted signal from the predistorter means;

digital receiver means for producing a second feedback signal
in response to the amplified output signal from the power amplifier;

means for modeling the power amplifier in response to the first
and second feedback signals; and

means for updating the predistortion amplitude and phase

look-up table means in response to said modeling of the power amplifier.

[0022] Other objects, advantages and features of the present
invention will become more apparent upon reading of the following non-
restrictive description of preferred embodiments thereof, given by way of

example only with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the appended drawings:

[0023] Figure 1 is a general block diagram of a predistortion device

according to a first embodiment of the present inveniton;

[0024] Figure 2 is a block diagram illustrating the algorithm the PA
characterization made via the digital receivers of the predistortion device of
Figure 1;

[0025] Figure 3 is a block diagram of the distorting generator of the

predistortion device of Figure 1;

[0026] Figure 4A is a block diagram illustrating the algorithm to
process the ACPR for the PA output signal;
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[0027] Figure 4B is a block diagram similar to Figure 4A illustrating
an alternate algorithm to process the distortion evaluation for the PA output

signal, by using a complex envelope cross correlation function;

[0028] Figure 5 is a graphic illustrating CCDF plots of different COMA
signals;
[0029] Figure 6 is a graphic illustrating the 30kHz normalized

requirement for 44 dBm PA;

[0030] Figure 7 is a graphic illustrating a simulation of ACPR vs OBO

of the ideal limiter under the stimulus of nine channels CDMA standard signal;

[0031] Figure 8 is a graphic illustrating a simulation of ACPR vs OBO
of a 40 dBm PA under the stimulus of a W-CDMA standard signal;

[0032] Figure 9 is a graphic illustrating a simulation of ACPR vs OBO
of a linearized 44dBm PA under the stimulus of nine channels CDMA standard
signal;

[0033] Figure 10 is a graphic illustrating a simulation of ACPR vs

OBO of the ideal limiter under the stimulus of a cdma2000 DS signal;

[0034] Figure 11 is a graphic illustrating a simulation of ACPR vs
OBO of both the ideal limiter and a 40 dBm PA under the stimulus of a W-
CDMA standard signal;

[0035] Figure 12 is a graphic illustrating measurements of ACPR vs
OBO of both the ideal limiter and a 40 dBm PA under the stimulus of a W-
CDMA signal;

[0036] Figure 13 is a general block diagram of a predistortion device

according to a second embodiment of the present invention; and
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[0037] Figure 14 is a general block diagram of an amplification

system integrating a predistorting device according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0038] Generally stated, the present invention relates to an adaptive
baseband/RF predistorting device, which advantageously integrates the
concept of digital receiver technology into the linearization techniques, and to a
method therefor. By taking advantage of the digital receiver technology to
digitally translate signal from RF to baseband with very high accuracy, the
predistorting device of the present invention performs the instantaneous
characterization of the memoryless nonlinearity in baseband to supply a
correlated predistortion function. The distortion is generated in baseband by
addressing the extracted predistortion function and then, the distortion is
embedded into the RF signal by dynamically adjusting the amplitude and the

phase of the carrier.

[0039] Turning now to Figure 1 of the appended drawings, a
predistorting device 20 according to a first embodiment of the present invention
will be described. The predistorting device 20 has two inputs 22 and 24 and an
output 26. The first input 22 is connected to the low level RF output 28 of a low
level RF signal source 30 to thereby receive an input RF signal therefrom; and
the second input 24 is connected to the RF output 32 of a PA 34. The RF
output 32 delivering an amplified output RF signal. The output 26, on the other
hand, is connected to the input 36 of the PA 34.

[0040] The RF signal from the first input 22 goes through an
envelope detector 38 to provide the envelope variation thereof. This envelope
is digitized by an analog to digital converter (hereinafter "A/D") 40. The
digitized envelope is used to index a distorting generator 42 as will be

described hereinbelow.
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[0041] The RF signal from the first input 22 also goes through a delay
line 44 and then in an Quadrature modulator 46 (hereinafter referred 1o as an
“IQ modulator’) that is used as a complex gain adjuster that controls the
amplitude and the phase of the RF input signal. The complex gain levels
applied to the RF input signal are determined by the distorting generator 42 via
a digital to analog converter (hereinafter "DAC") 48.

[0042] Basically, the distorting generator 42 includes a lookup table
for both the amplitude and the phase that are indexed by the output of the A/D
converter 40 to supply the correction factor both for the amplitude and for the
phase of the RF input signal to simulate a linear amplification curve of the PA
34 when the distorted RF signal is supplied to the input 36 of the PA 34.

[0043] To determine the distortion applied to the signal by the PA 34,
the amplitude and phase of the signal supplied to its input 36 and the
corresponding amplitude and phase of the amplified signal from its output 32

are compared.

[0044] To achieve this, the PA input signal is supplied to a RF
translator 50 that translates the signal down to within an alias-free sampling
range from DC up to 35 MHz. After this translation stage, the signal is
conditioned by an A/D converter 52 into digital samples at a high rate. For
example, it has been found that a 12-bit A/D converter operating at the

sampling rate of 70 MHz is adequate.

[0045] The digital samples from the A/D converter 52 are supplied to
a digital receiver 54. The entire subsequence complex down converting,

filtering and decimating is performed digitally by the digital receivers 54.

[0046] The signal of the output 32 of the PA 34 follows a similar route

via a RF translator 56, an A/D converter 58 and a digital receiver 60.
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[0047] It is understood that, the complex envelope from the output 32
of the PA 34 brings the information of non-linearity when it is driven further into
nonlinear operation mode. This non-linearity information can be discriminated
when this complex envelope is referenced to the complex envelope from the
input 36 of the PA 34. Therefore, the instantaneous characterization (i.e., AM-
AM and AM-PM curves) can be performed following both complex envelopes
variation during a real work condition. It allows an instantaneous
characterization and control module 62, which is supplied with a first feedback
signal in the form of both curves from the digital receiver 54 and a second
feedback signal in the form of both curves from the digital receiver 60; to
correlate the predistortion function of the PA 34 in real time. As will be further
described hereinbelow with reference to Figures 4A and 4B, when necessary,
the instantaneous characterization and control module 62 updates the
amplitude and phase lookup tables of the distorting generator 42 to ensure that
the 1Q modulator 46 correctly distort the RF signal so that the amplified signal
supplied to the antenna 63 corresponds to the low level RF signal entering the
input 22 of the predistorting device 20. Of course, as will easily be understood
by one skilled in the art, the instantaneous characterization and control module
62 applies an adequate delay between the curves supplied by the digital
receiver 54 and the digital receiver 60 to compensate for the delay introduced

by the PA 34. This delay may be determined by a cross-correlation function.
Instantaneous characterization algorithms

[0048] In terms of algorithms, the translation and filtering process are
the two major signals processing operations performed by the digital receivers
54 and 60.

[0049] First, a single-sideband complex translation is accomplished
by mixing the real signal with the complex output of a digital quadrature local
oscillator 64 (hereinafter "LO"), as shown in Figure 2. It is to be noted that
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even though a single LO 64 is shown in Figure 2, a different local oscillator

could be used for each digital receiver.

{0050] Then, decimators, under the form of decimation filters 66 and
68, condition the complex baseband signal by fixing an appropriate value of the
decimation parameter M. This parameter controls the reduction of the cutoft

frequency furand the sampling rate fs, as follows:

fcu/off :-fs/2M7 (1)
f=fm (2
[0051] Where f is the reduced sampling rate under the effect of the

decimation parameter. In a multi rate system there are two or more sampling

rate that are related by the parameters M1, Mz..Mn]

[0052] Therefore, by tuning the digital frequency of the LO 64 and the
M value, any signal can be selected digitally from the RF domain and put it into
the baseband domain for further processing by the instantaneous

characterization and control module 62.

[0053] In this way, the two digital receiver output data, that represent
the stimulus and response of the PA 34, are routed through the instantaneous
characterization and control module 62 to carry out the nonlinearity behavioral

analysis.

[0054] At this point, the required sample frequency to capture the n'"
order intermod products of both signals is advantageously taken into
consideration. Following the Nyquist criterion, the required sample frequency

for a signal of RF bandwidth BW is given by:
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f'=neBW.
3

[0055] Note that the sampling rate for the real signal is twice that of
the complex signal. Using the equation (2) and fixing the sampling frequency f;,

the decimator parameter M can be calculated by:

@

[0056] In order to characterize the PA 34 through its input and output

signals, we can assume that the PA input bandpass signal is given by:
v,(1) =Re{p (1)e’™ Ol o

[0057] where .is the midband angular frequency, p(z) is the
amplitude variation and @(t)is the phase variation. Then, the PA output

bandpass signal can be represented by

v, (t) = Re{g[p(t)]e/ H#remonty (6)

out

[0058] where g[p(t)] and ¢[p()]are two memoryless nonlinear

functions that represent the instantaneous AM-AM and AM-PM curves.

[0059] Note that these functions are characterized in terms of the
input and output bandpass complex envelopes, without including all harmonics
effect, Additionally, it is understood that both bandpass complex envelopes are
oversampled at the rate of f. Following the processing path, the optimal

compensator is correlated straightforward as follows:
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p.D)=g " [p®)] (7)
a(@)=-¢{g ' [pON (8)
[0060] where, the complex envelope gain function of the predistorting

device can be written as:

B e
Gyl ()] = 2D g0 ©)
)
[0061] Basically, the time domain functions of equation 7 and 8,
characterize the amplitude predistortion transfer g and the phase predistortion

conversion ¢ in function of the input amplitude variation and the distorted

amplitude variation respectively.

[0062] These functions are implemented in the distorting generator
42 through a mapping process using look up table technique as shown in
Figure 3. The mapping process is performed from the input to the output using
linear interpolation and according to the number of complex sampled pairs

acquired from the instantaneous characterization and control module 62.

[0063] It is to be noted that the tables 70 and 72 are configured in
polar representation and they are accessed in cascade form at a sampling rate
f' adequate to generate the highest order distortion of interest (see E.G.
Jeckeln, F.M. Ghannouchi and M. Sawan, “Non lterative Adaptative Digital
Predistortion Technique for Power Amplifiers Linearization”, US Patent No
6,072,364, June 6, 2000). The complex converter block accomplishes the
reconstruction of the complex distortion gain and converts it into the Cartesian

I/Q waveform.

[0064] As can be seen in Figure 4A, in order to control the adaptation

step, the system uses Adjacent Channel Power Ratio (hereinafter “ACPR”) as
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figure of merit. In this way, taking advantage of the decimation process to
perform a dramatic reduction in the signal bandwidth, the ACPR is monitored in
different range of frequency by processing simuitaneous real time FFT spectra.
This is accomplished, once the characterization process (Figure 2) is finished,
by dynamically tuning both the LO frequency and the M value of the digital
receivers as shown in Figure 4. More specifically, the digital receiver includes a
first channel tuned to the mean frequency and a second channel that is tuned
to a predetermined offset frequency, The ACPR measurement includes
comparing the average power at the mean channel and at the predetermined
offset channel via a comparator 70 that starts the adaptation step when the
measured ACPR overflow the reference value R. Notice that the system needs
so many digital receiver channels as offset channel to be simultaneously

monitored.

[0065] In other words, the systems calculates the ACPR between the
mean channel and the different offset channels specified by the standard and,
when the power at the offset channel is too high, the characterization process
of the PA is done again and the look-up tables of the distorting generator are
updated. In order to control the adaptation step, the system therefore uses the
distortion level at the output signal as a quantifier of the transmitter

performance

[0066] Turning now briefly to Figure 4B of the appended drawings,
another way of determining if the tables have to be updated will be presented.
A cross correlation between the corrected output signal and the reference
signal from branch is done. This cross correlation accounts for all distortion
mechanisms between the two signals and therefore, it gives a measure of the
distortion compensation level. In other words, if some of the transmitted energy
does not correlate between the two signals, the uncorrelated power appears as

added distortion, which amount is compared with an acceptable distortion level.
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A comparator C starts the adaptation step when the distortion level overflows
the reference value Rho. In this way, the whole computation load is reduced

more than half in comparison to the FFT algorithm process.

[0067] In all cases, signals are captured in time domain and
converted to the frequency domain by applying FFT algorithm. In this process,
the control of trade-off between leakage and loss of frequency resolution is
performed by windowing a finite number of signal samples x(n) by Hanning

window function w(n) as follow:
x, (n) = x(n) w(n). 0<n<L-1 (10)

[0068] where L is the window length that represent the quantity of
captured signal samples. The real time FFT spectra is governed by the
required sample rate f in each channel and the required frequency resolution

Af that are related by the number of sample points N as:

o d (1)

[0069] In other words, N is the FFT length and it is used to control the

density of equally spaced frequency-sampling points represented by:

fk:%, 0<k<N-1 (12)

[0070] where k is an integer, thus, the frequency domain is

determined via the following expression using FFT algorithms:

2
X =" me V" 0<k<N-I (13)

[0071] and the total power in a specified channel is computed by:
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N-1

P e (@Bm) =10log NBW (EJ IX(k)f )
BWNatse N k=0

[0072] where ¢ is a factor that considers the 1 mW reference power

and the independance condition, NBW is the normalization bandwidth and
BW,0se is the noise equivalent bandwidth. The ACPR is performed between in-
band and out-of-band power spectral densities at specified offset channels as

follow:

ACPR(dB) = F, (dB)-F,,,,(dB)
(15)
EVALUATION CONDITION
Stimulus conditions
[0073] In order to evaluate the performance, the system is exposed

under different stimulus conditions that allow it to be characterized in term of
efficiency and distortion. In this way, CDMA, W-CDMA and cdma2000 standard
signals are implemented under simulation to apply different stress level
characterized by theirs complementary cumulative distribution function
(hereinafter “CCDF”).

[0074] As known, these standards signal exhibit different levels of the
instantaneous signal amplitudes representing a widely varying envelope that
drives the system following a random property. Usually, a set of these level
values are referenced to the root-mean-square (hereinafter “RMS”) value of the
signal giving a set of peak voltage-to-RMS voltage ratio values that allows
characterizing a time waveform into the statistical domain, This capability is
represented by the CCDF function and it becomes a common tool to represent

the stress degree that a stimulating signal can place on nonlinear system. In
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this function, the ratio values are also referred as peak power-to-average power
ratio and the highest ratio value, called crest factor (hereinafter “CF”), give a
measure of the dynamic range of the signal. In Figure 5 we can see the CCDF
curves showing the statistical property of each standard signals built in
simulation; in all cases, the simulator generates around 800,000 signal samples

that allow attaining the 0.0001% probability value with high stability.

[0075] In the case of the CDMA signal, the statistical property reveals
a peak-to-average ratio of 10.29 dB for a 0.1 % of probability and the CF is
13.28 dB. This signal is simulated using a typical Walsh-code channels
configuration, i.e., pilot, sync, paging, 8, 16, 24, 40, 48 and 56, and it is among
the most stressful signal that satisfies the nine channel requirements of 1S-97.
For the W-CDMA signal, two different channel configurations including 11 and
15 code channels are simulated; the chip rate is 3.84 MHz and the shaping
filter is a root cosine with a roll-off of 0.22 and using Hanning as window
function. In the case of the cdma2000, the simulation is performed using a
direct spread (hereinafter “DS”) as air interface with a single 3.75 MHz-wide
carrier and with a spreading rate of 3.6864 Mcps; the filter is three times wider
than the CDMA case and the window function is Hanning. Under these
simulation conditions, a comparison of the statistical properties represented by
the CCDFs in Figure 5 reveals that for a given probability, i.e. 0.1%, each
signal presents different peak factor. Therefore, each signal will drive the
nonlinear system further into saturation having a different impact in terms of
distortion and efficiency. It points out the effect that as the curves move further
to the right, the peak-to-average value becomes higher, which makes the
signals more stressful. Consequently, for an acceptable amount of distortion
according to the spectrum emission mask, as the signal become more stressful
the system will be conditioned to operate in higher back off with the

corresponding worsening of the power efficiency. This kind of evaluation allows
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characterizing the system in term of efficiency and distortion and also predicting

the system performance under different work conditions.
Clipping effect and Soft Limiter

[0076] It is believed well known that a class AB power amplifier
presents different types of distortion sources and not all of them can be
compensated by predistortion. While distortion from the nonlinearity near both
the crossover point and the saturation point can be compensated by fitting
numerically a correlative predistortion function, distortion from clipping effect
escapes from the cancellation capability of the predistortion technique. This

limitation represents a drawback of this technique.

[0077] In order to estimate this kind of limitation and to predict the
highest theoretical performance that can be reached by the predistorting device
of the present invention, the performance of a soft limiter is analyzed for all
stimulus condition. As known, in an ideal limiter, the phase conversion is
constant over the range of the input signal and the output voltage follows
exactly the input voltage up to a certain value. Above this value, the output
voltage remains constant when the input voltage is further increased. Under
this condition, it is evident that as the probability of instantaneous clipped peak
values increases, distortion from clipping effect will increase. Consequently,
this phenomenon places a rigorous limitation in the system operation point with
a direct impact in the power efficiency. Again, we point out that signals having
high crest factor will impose an operating point beyond a region of poor power
efficiency. Backing-off the operating point will prevent that the distortion
masked by the clipping effect overflow the standard requirement. Notice that
the characteristic of an ideal limiter represents a perfect linearized class A
power amplifier and therefore, its performance places an important reference to

the degree of improvement given by a predistortion linearizer.
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ACPR

[0078] For analysis purpose, the ACPR is evaluated for different
operating point by computing the ratio between the in-band and the out-of-band
power spectral densities at specified offset channels. In the case of the CDMA,
the ACPR is evaluated in three pairs of offset channels that are normalized to
the same bandwidths of 30 kHz at the offset frequencies of +885 kHz, +1.256
MHz, and +2.75 MHz. The normalization factor (hereinafter “NF”) is calculated
by logging, the ratio between the normalization bandwidth NBW, i.e., 30 kHz,
and the specified bandwidth BW, as follow:

NBW
[0079] By applying this equation to the J-STD-008 standard

requirements that states that the power emissions limitation must be at least
-45dBc/30kHz, -13dBm/12.5kHz and -13dBm/1MHz for the first second and
third offset channels respectability, the NF values are: -16.2dB = 10
log(30kHz/1.25MHz), 3.8dB = 10 log(30kHz/12.5kHz) and -15.2dB = 10
log(30kHz/1MHz). The normalized limit values of the standard requirement
become -28dB/30kHz, -9.2dBm/30kHz and -28.2dBm/30kHz, and the relative

limit values of the power spectral densities for the three offsets are given by:

R:(dB) =28.8 dB (17)
R2(dB)=28.8dB+ A dB (18)
Rs(db)=47.8dB + A dB (19)

where A is given by:

Ae {P,,A (dBm)—35.8dBm forP,, <35.8dBm

0 elsewhere
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[0080] In Figure 6 we can see a graphical representation of
requirement for a typical 44 dBm PA; after normalization, the mean power
become 27.8 dBm/30 kHz, A take the value 8.2 dB and the relative limit values
are R;= 28.8 dB, R.=37 dB and Rs=56 dB. Notice that the dBc unit is used

when the total power contained in the mean channel is given as reference.

[0081] In the case of cdma2000 with DS as air interface, we assume
the similar methodology that is applied in the CDMA case (see “performing
cdma2000 measurements today”, Application Note 1325, HEWLETT
PACKARD). The frequency centers of the offset channel are 2.65 MHz, 3.75
MHz, and 5.94 MHz. For W-CDMA standard, the ACPR is evaluated over 3.84
MHz bandwidth at the offset frequency of 5 MHz and the limited emission
power is considered at -55 dBc. For all cases, the spectrum analysis is
accomplished by converting the time domain signal to frequency domain using
Hanning window and with FFT length of 8192 points. The integration
bandwidth (IBW) method is used to calculate both mean channel power and
offset channel powers and it is performed by applying equation (14). In
addition, the simulator computes an average power for each specified
integration channel bandwidth and over a specified number of data acquisitions

avr=16.
RESULTS AND DISCUSSIONS

[0082] The entire system is RF/DSP co-simulated using HP-ADS
software for a typical 44-dBm class AB Power Amplifier. Temperature noise,
quantization noise, and impairment from other components such as amplitude
and phase imbalance of /Q modulator have been taken into consideration to
realistically model the system. The A/D and DAC converters are simulated

having 12-bits and 14 bits resolution respectively at the high rate of 70 MHz.
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The digital receivers are considered as both narrowband and wideband where

the M values are ranged from 2 to 2",

[0083] Simulations are performed applying the set of stimulus
mentioned hereinabove in the section entitled “stimulus conditions” on the ideal
limiter, on the PA and on the PA including the linearizer. Each simulation is
repeated for different operating points to allow characterizing the performance
in term of distortion and power efficiency. The Output Back-Off (hereinafter
“OBQ") referenced to Single Carrier (hereinafter “SC”) saturation that represent
in any measure the power efficiency, the peak power-to-average power
characterized by the CCDF, the word-length of bits and the ACPR are chosen
as important factors to analyze the performance for the three cases. Figures 7
to 10 detail the simulated results of ACPR versus OBO corresponding for the
offset bands above the mean signal frequency. In all cases, the horizontal lines
indicate the system specifications for ACPR where the minimum acceptable
OBO are illustrated. At this point, it is important to mention that any change on
the parameters values and conditions established hereinabove in the section
entitled “stimulus conditions”, such as roll-off, average number, window

function, filters, etc., will have a direct effect on the results.

[0084] Figure 7 shows the effect of the CDMA signal on the ACPR of
the ideal limiter; the simulation is based on 44-dBm-output power. In the three
plots, corresponding to the three offset channels, we can see that the minimum
acceptable OBO are 6 dB at 885 kHz, 7,4 dB at 1.25 MHz and 9.4 dB at 2.75
MHz; according to the specifications, the results reveal that the ideal limiter

cannot be operated with an OBO smaller than 9.4 dB.

[0085] In Figure 8, the ideal limiter is simulated under the stimulus of
cdma2000 signal; in this case, the minimum acceptable OBO are 5.25 dB at
2.65MHz, 6.8 dB at 3.75 MHz and 9.4 dB at 5.94 MHz. Like CDMA signal case,
the third offset channel limits the operating point at least 9.4 dB of OBO. From
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a comparison, we can notice that although the CDMA signal is shown to be
most stressful than the cdma2000 signal, what it is justified in the first and the
second offset channels, both case show the same minimum acceptable OBO.
From this analysis, the clipping effect seems to be dominant on both first and
second channel and with a slight effect on the third channel. It is foreseeable
because the AM-PM conversion factor, that has a significant effect in
generating higher order of intermodulation, is considered constant over the
range of the input signal. Additionally, in both cases, the third offset channel

governs the minimum acceptable OBO.

[0086] Now, considering the situation of the PA under the stimulus of
the CDMA standard signal in Figure 9, it is clear that more OBO is necessary to
pass the spectrum emission mask. This is because now the spectral leakage
includes both the clipping effect and the continuous nonlinearity effect of the
PA. In this case, the standard requirement limits the PA operating point at least
8.2 dB at 885 kHz, 9.9 dB at 1.25 MHz, and 14.15 dB at 2.75 MHz.

[0087] Again, we can see that the third offset channel governs the
minimum acceptable OBO and therefore, the PA cannot be operated with an
OBO smaller than 14.15 dB. As expected, we can see by comparing results
from Figures 7 and 9 that the PA needs 4.75 dB more in OBO than the
minimum theoretical value given by the ideal limiter. On the other hand, it is the
maximum amount in OBO reduction that can be theoretically achieved by

predistortion for this PA.

[0088] Under linearization effect, the plots in Figure 10 show a
minimum OBO of 7 dB at 885 kHz, 7.95 dB at 1.25 MHz and 10.5 dB at 2.75
MHz prevailing the value of 10.5 dB as the minimum acceptable OBO
according to the spectrum emission mask. This result shows that the
predistortion action from the linearizer diminish the OBO by 3.6 dB, it means 1

dB less than the maximum reduction in OBO that can be achieved theoretically.
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Notice that this difference is absorbed by the impairment from other

components considered in the simulation.

[0089] The last set of simulation is performed for the same PA under
W-CDMA standard signal including 11 channels as was described in section IlI-
A.

[0090] Figure 11 shows the ACPR simulation of the PA with and
without linearization and including the ACPR plot of the ideal limiter, The plots

reveal a reduction of 4.8 dB resulting a minimum acceptable OBO of 10.6 dB.

[0091] To estimate the performance of the linearizer under realistic
condition, experimental results have been carried out in open loop condition for
a 20 W class AB power amplifier operating at 1.96 GHz. In this case, the AM-
AM and AM-PM transfer characteristics of the PA were measured by
instantaneous characterization using a peak power analyzer for the first one,
and a conventional measurement by network analyzer for the second one. Data
from these measurements were used into the simulator to generate a long
string of predistorted samples for W-CDMA standards signal including 11
channels. Then, these predistorted signals were fed into an arbitrary waveform

generator to generate and supply a realistic predistorted signal to the PA.

[0092] Figure 12 shows the ACPR measurements of the PA with and
without linearization; in addition, the ACPR simulation of the ideal limiter is
included by aims of comparison. We can observe that the PA must be
operated at least 17 dB OBO to meet the standard requirement, 1 dB more
than the simulation result. Under linearization effect, the minimum acceptable
OBO becomes about 13 dB allowing moving the operating point 4 dB toward
the saturation region and giving an ACPR improvement of 5 dB. Notice that the
lowest theoretical OBO performed by the ideal limiter is reached at 10 dB and

still an improvement of 3 dB more in OBO reduction can be theoretically
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achieved. It means that the dynamic action of the adaptation step of the
predistortion function and the instantaneous characterization which are
supported by the digital receivers and the DSP environment, have an
acceptable amount of room to improve the OBO reduction given under open
loop condition. These results help us to predict the performance for the whole
system with a minimum acceptable OBO of around 11 dB and with a
predictable improvement of 6 dB in OBO reduction.

[0093] In summary, the improvement in OBO reduction is significant
in the sense that in all cases the output power can be at least doubled with a
resulting increase in power efficiency. It means that for the same linear output
power, the OBO reduction allows the reduction of the absolute power rating of
the PA. On the other hand, the improvement in OBO reduction is significant,

i.e. around 5 dB.

[0094] Turning now to Figure 13 of the appended drawings, a
predistorting device 100 according to a second embodiment of the present
invention will be described. It is to be noted that the same reference numeral
are used to refer to the same elements. It is also to be noted that the
predistorting device 100 is very similar to the predistorting device 20 and
therefore, for concision purposes, only the difference therebetween will be

discussed hereinbelow.

[0095] Basically, the envelope detector 38 and the A/D converter 40
used to index the distorting generator 42 of the predistorting device 20 have
been replaced by a third RF translator 102, A/D converter 104 and third digital
receiver 106 route. The output of the digital receiver 106 is supplied to the
instantaneous characterization and control module 62 which is used to index
the distorting generator 42 as previously discussed. The other elements and
the operation of the predistorting device 100 are identical to the predistorting
device 20.

PETITIONERS EXHIBIT 1002

Page 29 of 153



26

[0096] This predistorting device 100 is advantageous since the delay
compensation between the delay line 44 an the digital path can be adjusted by
software. In addition, this configuration gives the phase information of the input

signal.

[0097] Finally, Figure 14 schematically illustrates a transmitter
system 200 integrating a predistorting device similar to the predistorting device
100 of Figure 13.

[0098] Since the signal is up-converted inside the transmitter system
200 by the combination of a local oscillator 202, a digital Quadrature Up-
converter 203 and a DAC 205, only one RF translator 56 is required since it is
the only path where a RF signal is picked up. Furthermore, since the
predistortion is performed digitally in the baseband, a digital baseband IQ
modulator 204 is used. The transmitter system 200 includes a baseband low
level signal input 206 to which a baseband low level signal source 208 may be
connected and a RF amplified signal output 210 to which an antenna 63 may

be connected.

[0099] An adaptive basedband/RF predistorting device tracking the
emerging technologies evolution of digital receivers was presented. The
linearizer develops the algorithm of two digital receivers to execute an
instantaneous characterization of the AM-AM and AM-PM non-linearities. The
digital receivers allow a direct IQ demodulation in digital form from RF to
baseband. Consequently, the disturbing effect of gain and phase imbalances
of a RF analogue quadrature demodulator are completely avoided by directly
processing the data with very high accuracy using analytical expressions.
Additionally, the system can monitor the ACPR by processing simultaneous
real time FFT spectra in different range of frequencies; it is accomplished by
the advantage of the decimation process to perform a dramatic reduction in the

signal bandwidth, RF/DSP co-simulation and experimental results have been
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carried out for evaluation purpose under different signals condition. Results
reveal a significant reduction in effective output power back off (OBO) for the
linearized power amplifier. Finally, the fact that the system can support
different standard signals by tuning the values LO, M and R by software, this

technique provides an attractive design suitable for mass production.

[0100] Aithough the present invention has been described
hereinabove by way of preferred embodiments thereof, it can be modified,
without departing from the spirit and nature of the subject invention as defined

in the appended claims.
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WHAT IS CLAIMED IS:

What is claimed is:

1. An adaptive method for predistorting a signal to be
transmitted, supplied by a signal source to an input of a power amplifier having
an output for delivering an amplified output signal, said method comprising the
steps of:

predistorting the signal to be transmitted by means of
predistortion amplitude and phase look-up tables interposed between the signal
source and the input of the power amplifier;

producing, via a first digital receiver, a first feedback signal in
response to the predistorted signal;

producing, via a second digital receiver, a second feedback
signal in response to the amplified output signal from the power amplifier;

modeling the power amplifier in response to the first and
second feedback signals; and

updating the predistortion amplitude and phase look-up table

means in response to said modeling of the power amplifier.

2. An adaptative method as recited in claim 1, wherein said

first feedback signal includes the complex envelope of the predistorting signal.

3. An adaptative method as recited in claim 2, wherein said
second feedback signal includes the complex envelope of the amplified output

signal.

4. An adaptative method as recited in claim 3, wherein said
modeling step includes the discrimination of the complex envelope of the first

feedback signal referenced to the complex envelope of the second feedback
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signal to yield a predistortion function correlated to the behaviour of the power

amplifier.

5. An adaptative method as recited in claim 4, wherein said

modeling step is done in real time.

6. An adaptative method as recited in claim 1, wherein said
updating step is done when an adjacent channel power ratio (ACPR)
measurement sub-step indicates that the predistorting step is not adequate to

meet predetermined ACPR standards.

7. An adaptative method as recited in claim 6, wherein said
ACPR measurement sub-step is done via a digital receiver that includes a first
channel tuned to the mean frequency and a second channel that is tuned to a
predetermined offset frequency, said ACPR measurement sub-step includes
comparing the average power at the means frequency and at the

predetermined offset frequency.

8. An adaptive device for predistorting a signal to be
transmitted, supplied by a signal source to an input of a power amplifier having
an output for delivering an amplified output signal, said adaptive device

comprising:

a complex gain adjuster interposed between the signal source
and the input of the power amplifier;

distorting generator including predistortion amplitude and
phase look-up table; said distorting generator being so configured as to control
said complex gain adjuster to predistort the signal to be transmitted in
amplitude and in phase;

a first digital receiver producing a first feedback signal in

response to the predistorted signal from said complex gain adjuster;
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a second digital receiver producing a second feedback signal
in response to the amplified output signal from the power amplifier;

a control module receiving said first and second feedback
signals from said first and second digital receivers; said control module being
so configured as to model the power amplifier in response to the first and
second feedback signals and to update said amplitude and phase look-up table

of said distortion generator in response to said modeling of the power amplifier.

9. An adaptative device as recited in claim 8, wherein said
look-up tables of said dirtorting generator are indexed by an envelope detector

that detects the envelope of the signal to be transmitted before predistortion.

10. An adaptative device as recited in claim 9, wherein said
envelope detector indexes the distorting generator via an analog to digital

converter.

11. An adaptative device as recited in claim 8, wherein said
look-up tables of said dirtorting generator are indexed by the data from a third
digital receiver that down-converts the signal to be transmitted to baseband.

12. An adaptative device as recited in claim 11, wherein the
data from said third digital receiver is supplied to said control module that

indexes said distorting generator accordingly.

13. An adaptative device as recited in claim 8, wherein said
control module is so configured as to updatesaid amplitude and phase look-up
tables when an adjacent channel power ratio (ACPR) measurement indicates
that the predistortion made by said predistorting generator is not adequate to

meet predetermined ACPR standards.

14. An adaptative device as recited in claim 13, wherein said

ACPR measurement is done via said second digital receiver that includes a first
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channel tuned to a mean frequency and a second channel that is tuned to a
predetermined offset frequency, said ACPR measurement including comparing
the average power at the means frequency and at the predetermined offset

frequency

15. An adaptative device as recited in claim 8, wherein said
control module is also so configured as to insert an adequate delay between

the first feedback signal and the second feedback signal.

16. A transmitter system for amplifying and up-converting a
baseband signal from a signal source; said transmitter system comprising:

a power amplifier having a signal input and an amplified signal
output;

a complex gain adjuster interposed between the signal source
and said signal input;

distorting generator including predistortion amplitude and
phase look-up table; said distorting generator being so configured as to control
said complex gain adjuster to predistort the baseband signal in amplitude and
in phase;

an up-converter receiving said predistorted baseband signal;
said up-converter being so configured as to supply an up-converted
predistorted signal to said signal input of said power amplifier;

a first digital receiver producing a first feedback signal in
response to the predistorted baseband signal,

a second digital receiver producing a second feedback signal
in response to the up-converted amplified output signal from said amplified
signal output;

a control module receiving said first and second feedback
signals from said first and second digital receivers; said control module being

so configured as to model said power amplifier in response to the first and
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second feedback signals and to update said amplitude and phase look-up table
of said distorting generator in response to said modeling of said power

amplifier.

17. An adaptive device for predistorting a signal to be
transmitted, supplied by a signal source to an input of a power amplifier having
an output for delivering an amplified output signal, comprising:

predistorter means comprising predistortion amplitude and
phase look-up table means interposed between the signal source and the input
of the power amplifier for amplitude and phase predistorting the signal to be
transmitted;

digital receiver means for producing a first feedback signal in
response to the predistorted signal from the predistorter means;

digital receiver means for producing a second feedback signal
in response to the amplified output signal from the power amplifier,

means for modeling the power amplifier in response to the first
and second feedback signals; and

means for updating the predistortion amplitude and phase

look-up table means in response to said modeling of the power amplifier.
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ABSTRACT OF THE DISCLOSURE

An advanced adaptive basedband/RF predistorting device,
which advantageously uses the concept of digital receiver technology into
power amplifier (PA) linearization area. The predistorting device performs an
instantaneous characterization of the PA using two digital receivers to supply
its AM-AM and AM-PM transfer functions.
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Declaration and Power of Attorney for Patent Application

As a below named inventor, | hereby declare that:

My residence, post office address and citizenship are as stated below
next to my name.

I believe | am an original, first and sole inventor (if only one name is listed below)
or an original, first and joint inventor (if plural names are listed below) of the
subject matter which is claimed and for which a patent is sought on the invention
entited ADAPTIVE PREDISTORTION DEVICE AND METHOD USING
DIGITAL RECEIVER

(Attorney Docket No. ), the specification of which

(check [ X]is attached hereto.
one)
[ ] was filed, with my authority, on
as Application Serial No.
and was amended on if applicable).

| hereby state that | have reviewed and understand the contents of the
above identified specification, including the claims.

| acknowledge the duty to disclose information which is material to the
examination of this application in accordance with Title 37, Code of Federal
Regulations, §1.56(a).

And | hereby appoint DAVID P. ROBERTS, Reg. No. 23,032; RANDY
A. GREGORY, Reg. No. 30,386; JAMES L. PRICE, Reg. No. 27,376; MARK S.
MATKIN, Reg. No. 32,268, DEEPAK MALHOTRA, Reg. No. 33,560; MARK W.
HENDRICKSEN, Reg. No. 32,356; DAVID G. LATWESEN; Reg. No. 38,533,
GEORGE G. GRIGEL, Reg. No. 31,166; KEITH D. GRZELAK, Reg. No. 37,144;
JAMES D. SHAURETTE, Reg. No. 39,833; FREDERICK M. FLIEGEL, Reg. No.
36,138; DONALD B. KENADY, Reg. No. 40,045; JAMES E. LAKE, Reg. No.
44,854; and BERNARD BERMAN, Reg. No. 37,279; all of Wells, St. John,
Roberts, Gregory & Matkin, P.S.; 601 West First Avenue, Suite 1300, Spokane,
Washington 99201-3828, Telephone (509) 624-4276, Customer No. 021567,
and each or any of them, my attorneys or agents, with full power of substitution
and revocation, to prosecute this application and to transact all business in the
Patent and Trademark Office connected therewith.

EL844046025
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ADDRESS ALL COMMUNICATIONS IN OR PERTAINING TO THIS
APPLICATION TO:

Deepak Malhotra

WELLS, ST. JOHN, ROBERTS,
GREGORY & MATKIN, P.S.

601 West First Avenue, Suite 1300
Spokane, WA 99201-3828

Foreign Application(s)

I hereby claim foreign priority benefits under Title 35, United States
Code, §119(a)-(d) of any foreign application(s) for patent or inventor's certificate
listed below and have also identified below any foreign application for patent or
inventor's certificate having a filing date before that of the application on which
priority is claimed:

Priority Claimed
(Number) (Country) (Filing Date) Yes No
(Number) (Country) (Filing Date) Yes No

U.S. Provisional Application(s)

| hereby claim the benefit under Title 35, United States Code, §119(e)
of any United States provisional application(s) listed below:

(Provisional Application No.) (Filing Date)

(Provisional Application No.) (Filing Date)

U.S. Patent Application(s)

I hereby claim the benefit under Title 35, United States Code, §120 of
any United States application(s) listed below and, insofar as the subject matter of
each of the claims of this application is not disclosed in the prior United States
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application in the manner provided by the first paragraph of Title 35, United
States Code, §112, | acknowledge the duty to disclose material information as
defined in Title 37, Code of Federal Regulations, §1.56(a) which occurred
between the filing date of the prior application and the national or PCT
international filing date of this application:

(Application Serial No.) (Filing Date) (Status)

(Application Serial No.) (Filing Date) (Status)
(patented, pending, or
abandoned)

| hereby declare that all statements made herein of my own knowledge
are true and that all statements made on information and belief are believed to
be true; and further that these statements were made with the knowledge that
willful false statements and the like so made are punishable by fine or
imprisonment, or both, under Section 1001 of Title 18 of the United States Code
and that such willful false statements may jeopardize the validity of the
application or any patent issued thereon.

The undersigned to this Declaration and Power of Attorney hereby
authorizes the U.S. attorneys named herein to accept and follow instructions
from Mr. Marc Lupien c/o Goudreau Gage Dubuc, Suite 3400, P.O. Box 242,
800 Place-Victoria, Montreal, Quebec, H4Z 1E9, as to any actions to be taken
in the U.S. Patent and Trademark Office regarding this application without direct
communication between the U.S. attorneys and the undersigned. In the event of
a change in the persons from whom instructions may be taken, the u.s.
attorneys will be so notified by the undersigned.

Full name of sole or first joint inventor ___Ernesto G. Jeckeln

Inventor's signature

Date
Residence 3540 Edouard Montpetit, Apt. 202, Montréal, Québec, CA H3T 1K8
Citizenship Canadian
Post Office Address Same as above
*khkkhkkkkkkkhkhkkkkkkikhkkkkkhkhkkik
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Full name of sole or first joint inventor Fadhel M.Ghannouchi

Inventor’s signature

Date
Residence 3470 Simpson, Apt. 805, Montréal, Québec, CA , H3G 2J5
Citizenship Canadian
Post Office Address Same as above
Full name of sole or first joint inventor Mohamad Sawan
Inventor's signature

Date
Residence 597 chemin du Bord-de-I'eau, Laval, Québec, CA, H7X 1T9
Citizenship Canadian
Post Office Address Same as above

*hkkkkkkkkkhkkhkkkkhkhhkkhkkrkkkik

Full name of sole or first joint inventor Francois Beauregard
Inventor's signature

Date
Residence 350 rue Papineau, La Prairie, Québec, CA, J5R 5HS
Citizenship Canadian
Post Office Address Same as above
Full name of sole or first joint inventor
Inventor's signature

Date
Residence
Citizenship
Post Office Address

*kkkkkkkkhkkkkkhkkhkkkkkkkkkkkkkk
PETITIONERS EXHIBIT 1002

Page 52 of 153



' ‘ - Page 1 of 1

UNITED STATES PATENT AND TRADEMARK OFFIGE

COMMISSIONER FOR PATENTS

UNITED STATES PATENT AND TRADEMARK OFFICE
WASHINGTON, D.C. 20231

www.uspto.gov

(R A AT e CONFIRMATION NO. 1815
Bib Data Sheet
FILING DATE
SERIAL NUMBER 06/08/2001 CLASS GROUP ART UNIT o‘ggi??}' No.
09/877,608 RULE 375 2631 5035.001
APPLICANTS

Ernesto G. Jeckeln, Montreal, CANADA,;
Fadhel M. Ghannouchi, Montreal, CANADA,;
Mohamad Sawan, Laval, CANADA,
Francois Beauregard, La Prairie, CANADA,

Y CONTINUING DATA RRRAARRRARKKAARKARKARRRR K
ol FOREIGN APPLICATIONS ARRARAKARRAKRRARAAARK

IF REQUIRED, FOREIGN FILING LICENSE GRANTED.. SMALL ENTITY **

** 08/07/2001
Forcon ity coimed L yes Lo STATEOR | SHEETS | TOTAL [INDEPENDENT|
s usc 19 o) conditons L yes [ no L et ater COUNTRY | DRAWING | cLams | cLAIMS
All
\erified and owance CANADA 11 17 4
JAcknowledged Examiner's Signature Initials
ADDRESS
021567
TITLE
Adaptive predistortion device and method using digital receiver
|D All Fees J
O 1.16 Fees (Filing) B
FILING FEE [FEES: Authority has been given in Paper D 1.17 Fees ( Processing Ext. of
RECEIVED [No. to charge/credit DEPOSIT ACCOUNT time )
460 No. for following: |h 118 Fees (lssue )
rD Other J
19 credit B
PETITIONERS EXHIBIT 1002

Page 53 of 153



» o

PATENT APPLICATION SERIAL NO.

U.S. DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE
FEE RECORD SHEET

06/14/2001 VTRUOHGL 00000048 09877608

01 FC:201 355.00 0P
02 FC:202 40.00 0P

PTO-1556
(5/87)

*U.S. GPO: 1999-459-082/19144

PETITIONERS EXHIBIT 1002
Page 54 of 153



T .
- ppplication or Docket Number

1

*++f the “Highest Number Previously Paid For” IN THIS SPACE is less
The “Highest Number Previously

Paid For”

(Total or Independent)

than 3, enter *3.”
is the highest number

PATENT APPLICATIO -
tfective October 1, 2000 | (5 0 35-00 ’
CLAIMS AS FILED - PART | SMALL ENTITY OTHER THAN
(Column 1) Column 2 v == OR SMALL ENTITY
TOTAL CLAIMS (7 RATE | FEE RATE | FEE
NUMBER FILED NUMBER EXTRA BAsic FEE] 355.00 |oR[PASIC FEg] 710.00
TOTAL CHARGEABLE cLams | | 7 minus 20= |" @) X$ 9= or| xs1&=
INDEPENDENT CLAIMS { minus3=|’ L. xa- Lo lor] Xee-
MULTIPLE DEPENDENT CLAIM PRESENT D : -
- +135= oRl +270=
* |f the difference in column 1 is less than zero, enter “0” in column 2 TOTAL | 29 r; OR TOTAL
CLAIMS AS AMENDED - PART n OTHER THAN
Column 1 Column 2) _(Column 3 SMALLENTITY OR SMALL ENTITY
CLAIMS IGHEST
< REMAINING NUMBER ADDI- ADDI-
E AFTER PREVIOUSLY P RATE |TIONAL RATE | TIONAL
uE, AMENDMENT PAID FOR FEE FEE
‘% Total * Minus . = X$ 9= OR X$18=
E Independent |+ Minus ann = X40= OR X80=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM D
+135= oR| +270=
TOTAL TOTAL
ADDIT. FEE OR apoiT. FEE
Column 1 Column 2) _ (Column 3
CLAIMS HIGHEST
@ REMAINING NUMBER | PRESENT ADDI- ADDI-
E AFTER PREVIOUSLY EXTRA RATE [|TIONAL RATE | TIONAL
] AMENDMENT PAID FOR FEE FEE
E Total * Minu - =
E inus = X$ 9= OR X$18=
| d d t * M FT3d =
E ndependen inus X40= oR X80=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM | !
+135= oR| +270=
TOTAL TOTAL]
ADDIT. FEE OR apoiT. FEE
Column 1 Column 2) _ (Column 3
CLAIMS HIGHEST
o REMAINING NUMBER PRESENT ADDI- ADDI-
"z' AFTER PREVIOUSLY EXTRA RATE |TIONAL RATE | TIONAL
‘é" AMENDMENT PAID FOR . FEE FEE
| % Total . Minus »* = X$ 9= OR | X$18= !
!,r‘.'é‘ Independent |+ Minus aew =
i< X40= or| xeo=
¥ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM [—_']
+135= or | +270=
* |f the entry in column 1is less than the entry in column 2, write 0" in column 3.
** |f the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20.” ADD;P;QE OR ADDS’?;’QE

found in the appropriate box in column 1.
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SERIAL NO. FILING DATE
CLAIMS ONLY 09877608  |0¢ 08 "ol
APPUICANT(S)
CLAIMS ]
*
ASFILED 15t A:';'NEDRMENT 2nd ﬁm '
IND. DEP. IND. DEP. IND. DEP. IND. DEP. IND. DEP. IND. DEP.
1 \ 51
2 \ 52
3 \ 53
4 l 54
5 \ 55
6 | 56
7 | 57
8 [ 58
9 \ 59
10 i 60
1 ) 61
12 | 62
13 ! 63
14 | 64
15 \ 65
16 { 66
17 \ 67
18 68
19 69
20 70
21 7
22 \ { 72
23 | 73
24 | 74
25 75
26 76
27 7
28 | 78
29 79
30 80
31 81
32 82
33 83
34 84
35 85
6 86
37 87
38 88
39 89
40 90
a1 91
42 92
43 93
24 94
45 95
46 9
47 97
48 98
49 99 .
50 100
o ’ |} | "o, s L 1. 3
TOTAL - - - TOTAL - - -
DEP. \ 3 . OEP. -
T | 1 [ [ 2ok | m;
* MAY BE USED FOR ADDI TIONAL CLAIMS OR ADMENDMENTS
U.S.DEPARTMENT OF COMMERCE
FORM PTO-2022 (1-88) Patent and Trademark Office

*U.S. GPO: 1998-443-593/89152

—
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L . ¥/ ppplication or Docket Number
PATENT APPLICATION ..<E DETERMINATION RECORD :
Etfective October 1, 2000 | (< O 3-001
(Column 1) Column 2 TwE = OR SMALL ENTITY
TOTAL CLAIMS |7 RATE | FEE RATE | FEE
FOR NUMBER FILED NUMBER EXTRA pasic Fee} 355.00 Jor[PASICF 710.00
ToTAL cHARGEABLE CLAMS | | 7 minus 20 |° Q@ xso= | - |orl xste=
INDEPENDENT CLAIMS [ minus3= : L. I m OJOR X80=
AULTIPLE DEPENDENT CLAM PRESENT 0 | =
; +135= orl +270=
* if the difference in column 1 is less than zero, enter “0" in column 2 TOTAL | 39 5/ OR TOTAL
CLAIMS AS AMENDED - PART Il OTHER THAN
Column 1 Column 2) _ (Column 3 SMALL ENTITY OR SMALL ENTITY
£
ADDI- ADDI-
< REMAIN! BER
£ AFTER. uwsen | Poama | | RATE [TIONA- RATE | TIONAL
..2, AMENDMENT PAID FOR FEE FEE
% Total . / ? Minus o QZ ) = —9" X$ 9= X$18=
= Independent |« /rL Minus e 3_7 =/ [ xac- A eo-
FIRST PRESENTATION OF MULTIPLE oepenDENTOLAM [ ] C
! +135= oR} +270=
70 OTAL
ADDIT, FEE OR apoiT. FEE
Column 1 Column 2) _ (Column 3
o REMAINING NUMBER RE ADD!- ADDI-
E AFTER luwger | PRESERT | | mate TIONAL| | RATE TIONAL
u AMENDMENT PAID FOR FEE FEE
% Yotal . Minus v = X$ 9= OR X$18=
[ . h son =
2 |[ndoponc” Minus X40= onl xeo-
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 1
+135= OR +270=
OTAL TOTAL
ADDIT, FEE OR ,p0iT. FEE
Column 1 Column 2 Column 3
o REMAINING NUMBER PRESENT ADDI- ADDI-
s AFTER PREVIOUSLY | EXTRA RATE |TIONAL RATE | TIONAL
] AMENDMENT PAID FOR FEE FEE
= . , Y
= R . Minus ©__ | - X§9= or | Xst8=
W | independent |+ Minus ave =
2 | ] | x40 or| -xeo=
4 {FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM ]
+135= OR | +270=
’ I(mmyinodumn‘lslessmanmmlnedmam'o'medwms. m——l
v\t the “Highest Number Previously Paid For’ IN THIS SPACE is less than 20, emter 20" ADDIT. FEE OR oo FEE
"'umww:PMPa)dFa’lNTHlSSPACE&sI«ssMS.M'&' ‘ ’
mﬂm\estmmmrpmiowypmsorawamm)umwmrmmmmwawmmm 1.
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Best Available Copy
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SERIAL NO. RLING DATE
CLAIMS ONLY 09877408  [0¢ 08-0
APPLICANT(S)
CLAIMS
AS FLED mm m.ggnﬂn : *
oo | oer. | 90 Joem | wo | eeP oo | oer | oo, | oen | oo | DER
1 \ 51
2 \ 52
3 1 53
4 { 54
5 1 55
6 1 56
7 [l 57
8 [ 58
9 \ 59
10 \ 60
" ) &1
12 ] 62
13 ] 83
14 } 64
15 1 65
[ t 65
17 \ a7
18 68
19 69
20 70
21 i
2 2
23 73
24 74
25 75
26 5
27 I3
28 78
29 79
30 80
3t 81
2 82
3 83
34 84
35 85
36 86
a7 a7
38 88
39 89
) 90
a B
2 [
43 93
24 ()
a5 95
46 3
a7 97
48 %8
29 99
%0 100
o 1 3 3 . 3 ] 1
TOTAL - - - TOTAL - - -
e | \3 OEP. -
(Te] (61 N
* \[AY BE USED FOR ADDITIONAL CLATMS OR ADMENDMENTS
U.S.OEPARTMENT OF COMMERCE
o PTO-222 (1480 Patent end Tradamark Oftice

1S, GPO 199544 345029122
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UNITED STATES PATENT AND TRADEMARK OFFICE

COMMISSIONER FOR PATENTS
UNITED STATES PATENT AND TRADEMARK OFFICE
WASHINGTON, D.C. 20231

www.uspto.gov
[ APPLICATION NUMBER | FILING/RECEIPT DATE [ FRSTNAMEDAPPLICANT | ATTORNEYDOCKET NUMBER |
09/877,608 06/08/2001 Emesto G. Jeckeln G035-001
_ CONFIRMATION NO. 1815
3\3;53; ST JOHN ROBERTS GREGORY AND MATKIN FORMALIRES LS R
WELLS ST A
601 W FIRST AVENUE 0C000000008387 558"

SPOKANE, WA 992013828

Date Mailed: 08/08/2001

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b)
Filing Date Granted

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

« The oath or declaration is unsigned.

o To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(e) of
$65 for a small entity in compliance with 37 CFR 1.27, must be submitted with the missing items identified
in this letter.

o The balance due by applicant is $ 65.

A copy of this notice MUST be returned with the reply.

G oo ‘N\/owadwb
Customer Service Center

Initial Patent Examination Division (703) 308-1202
. ART 3 - OFFICE COPY
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COMMISSIONER FOR PATENTS

UNITED STATES PATENT AND TRADEMARK OFFICE
WasHINGTON, D.C. 20231
www.uspto.gov

l APPLICATION NUMBER | FILING/RECEIPT DATE ]  FIRSTNAMEDAPPLICANT | ATTORNEY DOCKET NUMBER ]
09/877,608 06/08/2001 0 | Jnesto G. Jeckeln GO35-001
CONFIRMATION NO. 1815
3\%3% ST JOHN ROBERTS GREGORY AND MA PO TES LETTER
¢« SUITE 1300 | IO
601 W FIRST AVENUE 06000000008397559

SPOKANE, WA 992013828

Date Mailed: 08/08/2001

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b)
Filing Date Granted

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

e The oath or declaration is unsigned.

o To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(e) of
$65 for a small entity in compliance with 37 CFR 1.27, must be submitted with the missing items identified
in this letter.

e The balance due by applicant is $ 65.

A copy of this nbtice MUST be returned uﬁ’ih the reply.

Customer Service Center
Initial Patent Examination Division (703) 308-1202 ‘
PART 2 - COPY TO BE RETURNED WITH RESPONSE

10/15/2001 MBELETE1 00000073 09677608
01 FC:205 65.00 0P
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Please type a plus sign (+) inside this box —> m

valid OMB control number.

@

PTO/SB/21 (6-98)

Approved for use through 09/30/2000. OMB 0651-0031
Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a

FORM

TRANSMITTAL

(to be used for all correspondence after initial filing)

Application Number

09/877,608

~

Filing Date

June 8, 2001

First Named Inventor

Ernesto G. Jeckeln et al.

Group Art Unit

2631

Examiner Name

Unassigned

Cotal Number of Pages in This Submission

48

Attorney Docket Number GO35-001

/

ENCLOSURES (check all that apply)

D Amendment / Response
I::] After Final

I__—I Affidavits/declaration(s)
D Extension of Time Request

I:I Express Abandonment Request

I:I Information Disclosure Statement]

N e [

Assignment Papers
(for an Application)

Drawing(s)

Licensing-related Papers

Petition Routing Slip (PTO/SB/69)
and Accompanying Petition

Petition to Convert to a
Provisional Application
Power of Attorney, Revocation

Change of Correspondence
Address

D After Allowance Communication

to Group
Appeal Communication to Board
of Appeals and Interferences

Appeal Communication to Group
(Appeal Notice, Brief, Reply Brief)

Additional Enclosure(s)
(please identify below):

Terminal Disclaimer

Small Entity Statement

Request for Refund

Return Receipt Postcard
Inventors' Original Declaration
w/appn. attached

Statement by Practitioner
Check for $65

Small Entity Status Statement

Certified Copy of Priority
Document(s)

" Remarks

Response to Miséing Parts/
Incomplete Application

Response to Missing
Parts under 37 CFR
1.52 or 1.53

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Fim

Individual name

or Deepak Malhotra, Reg. No. 33,560; Wells, St. John, Roberts,
Gregory & Matkin, P.S.

Signature

Wﬂ/é’

Date

§ 2oo

7

CERTIFICATE OF MAILING

~

| hereby certify that this correspondence is being deposited with the United States Postal Service a j
envelope addressed to: Assistant Commissioner for Patents, Washington, D.C. 20231 on this date: 10/0 5/2001

Typed or printed namelsusap/wenzl

yavi

+

\__Signature

| oo | fpz 57 2o/ J

L2
Burden Hour Statement: This form is estimated to take 0.2 houg;o complete. Time will vary depending
Any comments on the amount of time you are required to comiplete this fonm should be send to the

upon the needs of the individual case.
hief Information Officer Patent and

Trademark Office, Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant

Commissioner for Palents Washington, DC 20231.
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PTO/SB/N7 (12/99)

Approved for use through 09/30/2000. OMB 0651-0032

Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

nd _to a collection of information unless it displays a valid OMB control number.

FEE TRANSMITTAL

Application Number 09/ 877,608

for FY 2000 Filing Date June 8, 2001

Patent fees are subject to annual revision. First Named Inventor | Ernesto G. Jeckeln et al.
Small Entity payments must be supported by a small entity statement, i N
otherwise large entity fees must be paid. See Forms PTO/SB/09-12. | Examiner Name Unassigned
See 37 C.F.R. §§ 1.27 and 1.28. Group / Art Unit 2631
\TOTAL AMOUNT OF PAYMENT | (§) 65.00 [ avomey Docket No. |GO35-001 )
METHOD OF PAYMENT (check one) FEE CALCULATION (continued)
. The Commissioner is hereby authorized to charge 3. ADDITIONAL FEES
indicat, ciad tees and credit any éerpagnents t& Large EntitySmall Entity
“D 4 N .
Depgsn' erpayments/Credit T v(e)rI Yéode S Cote ey Fee Description Fee Paid
Account | 23-0925 payments :
Number 105 130 205 65 Surcharge - late filing fee or oath 65.00
Deposit 127 50 227 25 Surcharﬁs - late provisional filing fee or
t
Acpast I | cover sheet.
Nomo| | Wells, St. John, et al. o o 0.00
139 130 139 130 Non-English specification .
S::gea?ng’:%ﬁ?ﬂfé *;:: :'ﬂ‘%guifeﬂ 147 2,520 147 2520 For filing a request for reexamination 0.00
' 112 920° 112 920* Requesting publication of SIR prior to 0.00
2. [x] Payment Enclosed: Exam'"?r ac"";' ion of SIR afte -
Mone 113 1,840° 113 1,840 Hequesting publication o atter
. Check omery D Other Examiner action 0.00
FEE CALCULATION 115 110 215 65 Extension for reply within first month 0.00
116 380 216 190 Extension for reply within second month 0.00
1L.a r:aAEsnllgy ’S::I\L:I'I‘JEGMFI::E 117 870 217 435 Extension for reply within third month 0.00
Fee Fee Fee Fee Fee Description i 118 1,360 218 680 Extension for reply within fourth month 0.00
Code ($) Code (5) Fee Paid 128 1,850 228 925 Extension for reply within fifth month 0.00
101 690 201 345 \Utility filing fee "
119 300 219 150 Notice of Appeal 0.00
106 310 206 155 Design filing fee - L
- Filing a brief in support of an appeal 0.00
107 480 207 240 Plant filing fee 120 300 220 150
121 260 221 130 Request for oral hearing 0.00j
108 690 208 345 Reissue filing fee " - )
Petition to institute a public use proceeding 0.00
114 150 214 75 Provisional filing fee 138 1,510 1381.510
140 110 240 55  Petition to revive - unavoidable ' 0.00
SUBTOTAL (1) | ($) 141 1,210 241 605  Petition to revive - unintentional 0.00
2. EXTRA CLAIM FEES 142 1,210 242 605 Utilityissue fee (or reissue)
Extra Clalms Feel l*’°’“ Fee Paid| 143 430 243 215 Design issue fee
Total Claims 20* x| | 4 0 )| 124 s80 244 200 Plant issue fee
g’lg?rﬂ:“"e"‘ -3 o x| | {o ]| 122 130 122 130 Petitions to the Commissioner 0.00
Multiple Dependent 4] 123 50 123 50 paiitions related to provisional applications
"(IJ-T numl;er Ipre:ouf:yEpa:d, if greater; For Reissues, see below] 126 240 126 240  gypmission of Information Disclosure Stmt 000
arge Entity Small Entity .
Fee Fee Fee Fee Fee Description 581 40 581 40 Recording each patent assignment per
Code ($) Code ($) property (times number of properties) 0.00
103 18 203 9 Claims in excess of 20 146 690 246 345 Fifing a submission after final rejection
102 78 202 39 Independent claims in excess of 3 (37 CFR § 1.129(a) 0.00
) o : 149 690 249 345 For each additional invention to be
104 260 204 130 Multiple dependent claim, if not paid examined (37 CFR § 1.129(b)) 0.00
109 78 209 39 ** Reissue independent claims
. over original patent Other fee (specify) 0.00
. 110 18 210 9 ** Reissue claims in excess of 20 .
. and over original patent Other fee (specify) 0.00
SUBTOTAL (2) {($) 0.00 * Reduced by Basic Filing Fee Paid SUBTOTAL (3) |($) 65.00|
( SUBMITTED BY Complete (if applicable, |
o Registration No.
Name (PrinvType)| Deepak Malhotra, yyi (Attomey/Agent) I 33,560 Telephone| 5(09-624-4276
swave | Dos % Jalls e loifole $aopi
WARNING:

Information on this form may become public. Credit card information should not be
included on this form. Provide credit card information and authorization on PTO-2038.

Burden Hour Statement: This form is estimated to take 0.2 hours to complete. Time will vary depending upon the needs of the individual case. Any comments on
the amount of time you are required to complete this form should be sent to the Chief Information Officer, Patent and Trademark Office, Washington, DC 20231.
DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for Patents, Washington, DC 20231.
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VERIFIED STATEMENT'(DECLARATION) CLAIMING SMALL ENTITY Docket No.
STATUS (37 CFR 1.9(f) AND 1.27 (¢)) - SM{BUSINESS CONCERN

Serial No. Filing Dat Issue Date

Patentee:

Invention: ADAPTIVE PREDISTORTION DEVICE AND METHOD USING DIGITAL RECEIVER

| hereby declare that | am:

O the owner of the small business concern identified below:
an official of the small business concern empowered to act on behalf of the concern identified below:

NAME OF CONCERN: POLYVALOR S.E.C.
ADDRESS OF CONCERN: 3744 Jean Brillant, Suite 6332, Montréal, Québec, CANADA H3T 1P1

| hereby declare that the above-identified small business concern qualifies as a small business concern as defined in
13 CFR 121.3-18, and reproduced in 37 CFR 1.9(d), for purposes of paying reduced fees under Section 41(a) and (b)
of Title 35, United States Code, in that the number of employees of the concern, including those of its affiliates, does
not exceed 500 persons. For purposes of this statement, (1) the number of employees of the business concern is the
average over the previous fiscal year of the concern of the persons employed on a full-time, part-time or temporary
basis during each of the pay periods of the fiscal year, and (2) concerns are affiliates of each other when either,
directly or indirectly, one concern controls or has the power to control the other, or a third party or parties controls or
has the power to control both.

| hereby declare that rights under contract or law have been conveyed to and remain with the small business concern
identified above with regard to the above identified invention described in:

the specification filed herewith with title as listed above.

(1 the application identified above.

(] the patent identified above.
If the rights held by the above-identified small business concern are not exclusive, each individual, concern or
organization having rights to the invention is listed on the next page and no rights to the invention are held by any
person, other than the inventor, who could not qualify as an independent inventor under 37 CFR 1.9(c) or by any

concern which would not qualify as a small business concern under 37 CFR 1.9(d) or a nonprofit organization under
37 CFR 1.9(e).

Copyright 1994 Legalsoft POS/REVO1 Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE
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Each person, concern or organization to which | have assigned, granted, conveyed, or licensed or am under an
obligation under contract or law to assign, grant, convey, or license any rights in the invention is listed below:

X no such person, concern or organization exists.
O each such person, concern or organization is listed below.

FULL NAME
ADDRESS

O individual O small Business Concemn O  Nonprofit Organization
FULL NAME
ADDRESS

O individual 0O small Business Concern a Nonprofit Organization
FULL NAME '
ADDRESS

O  individual O  small Business Concem a Nonprofit Organization
FULL NAME
ADDRESS

3  Individual [J small Business Concern O  Nonprofit Organization

Separate verified statements are required from each named person, concern or organization having rights to the
invention averring to their status as small entities. (37 CFR 1.27)

| acknowledge the duty to file, in this application or patent, notification of any change in status resulting in loss of
entitlement to small entity status prior to paying, or at the time of paying, the earliest of the issue fee or any
maintenance fee due after the date on which status as a small entity is no longer appropriate. (37 CFR 1.28(b))

| hereby declare that all statements made herein of my own knowledge are true and that all statements made on
information and belief are believed to be true; and further that these statements were made with the knowledge that
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of
Title 18 of the United States Code, and that such willful false statements may jeopardize the validity of the application,
any patent issuing thereon, or any patent to which this verified statement is directed.

NAME OF PERSON SIGNING: Denis Beaudry
TITLE OF PERSON SIGNING
OTHER THAN OWNER: Président directeur général

ADDRESS OF PERSON SIGNING: 737 Outremont
Outremont, Québec H2V 3N2

1

SIGNATURE: WM DATE: /4 M 2o

, 77

Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE
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Prqctitioner's Docket No. G0O35-001 PATENT

¢ application of: Jeckeln, Ernesto G.; Ghannouchi, Fadhel M.; Sawan, Mohamad; and Beauregard,
Francois :

Application No.: 09/877,608 Group No.: 2631

Filed: 06/08/2001 Examiner: Unassigned

For: Adaptive Predistortion Device and Method Using Digital Receiver

Assistant Commissioner for Patents
Washington, D.C. 20231

STATEMENT BY PRACTITIONER THAT APPLICATION FILED IN PTO
IS THE ONE INVENTOR EXECUTED BY SIGNING DECLARATION]I,
I, Deepak Malhotra
Wells, St. John, Roberts, Gregory & Matkin P.S.
W. 601 First Avenue, Suite 1300
Spokane, WA 99201-3828
Reg. No. 33,560
Tel. No. 509-624-4276

state I am the registered practitioner for this application and the application identified above is the
application that the inventor(s) executed by signing the declaration that is being submitted herewith.

Dated: 0 CQL’ é— adl M

SIGNAT OF PRACTITIONER
Deepak Malhotra,
Reg. No. 33,560

Customer No.: 021567

CERTIFICATE OF MAILING/TRANSMISSION (37 C.F.R. section 1.8a)

I hereby certify that this correspondence is, on the date shown below, being:

MAILING FACSIMILE
,x deposited with the United States Postal Service m] transmitted by facsimile to the Patent and
with sufficient postage as first class mail in an Trademark Office.

envelope addressed to the Assistant

Commissioner for Patents, Washington, D.C. .
20231.
/d;«éhd

Signature [

Date: mdt. 5 2 oo/ Susan Wenzl

(type or print name of person certifying)

(Statement by Practitioner That Application Filed in PTO Is the One Inventor Executed by Signing Declaration--page 1 of 1
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actitioner's Docket No. GO35-001 PATENT

1 re application of: Jeckeln et al., Emesto G.

Application No.:  09/877,608 Group No.: 2631

Filed: June 8, 2001 Examiner: Unassigned

For: Adaptive Predistortion Device and Method Using Digital Receiver
Box Missing Parts

Assistant Commissioner for Patents
Washington, D.C. 20231

COMPLETION OF FILING REQUIREMENTS
-- NONPROVISIONAL APPLICATION

I. This replies to the Notice to File Missing Parts of Application (PTO-1533) mailed August 8, 2001.

A copy of the Notice to File Missing Parts of Application--Filing Date Granted (Form PTO-1533) is
enclosed. -

DECLARATION OR OATH

IL  An unexecuted declaration or oath was filed with the application. Enclosed is the originally signed
declaration or oath for this application, with the application and drawings as filed attached to the signed
declaration..

A Statement by Practitioner that Papers attached to Declaration are a copy of those filed in PTO to
Get a Filing Date is attached.

CERTIFICATE OF MAILING/TRANSMISSION (37 C.F.R. SECTION 1.8(a))

I hereby certify that this correspondence is, on the date shown below, being:

MAILING FACSIMILE
)(] deposited with the United States Postal Service [1] transmitted by facsimile to the Patent and
with sufficient postage as first class mail in an Trademark Office at (703) __-

envelope addressed to the Assistant

Commissioner for Patents, Washington, D.C.
Nz
[§ 72

Signature 0

Date:&&’. \5, HLo0) Susan Wenzl

(type or print name of person certifying)

(Completion of Filing Requirements--Nonprovisional Application--page 1 of 7)

#3
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SMALL ENTITY STATUS

III. A statement that this filing is by a small entity is attached.

COMPLETION FEES
IV.
1. Surcharge Fees
Late payment of filing fee
and/or late filing of original
declaration or oath
(37 C.E.R. Section 1.16(¢)) $ 65.00
Total Completion Fees $65.00
EXTENSION OF TIME

V. The proceedings herein are for a patent application, and the provisions of 37 C.F.R. Section 1.136(a)
apply.

Applicant believes that no extension of term is required. However, this conditional petition is being
made to provide for the possibility that applicant has inadvertently overlooked the need for a petition and
fee for extension of time.

TOTAL FEE DUE
VI. The total fee due is:
Completion fees $65.00
Extension fee (if any) $ 0.00
Total Fee Due $65.00
PAYMENT OF FEES

VII.  Enclosed is a check in the amount of $65.00.

Please charge Account No. 23-0925 for any fees that may be due by this paper.

(Completion of Filing Requirements--Nonprovisional Application--page 20f7)
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AUTHORIZATION TO CHARGE ADDITIONAL FEES

VIII. The Commissioner is hereby authorized to charge the following additional fees that may be
required by this paper and during the pendency of this application to Account No. 23-0925.

37 C.F.R. Section 1.16(a), (f) or (g) (filing fees)

37 C.F.R. Section 1.16(b), (c) and (d) (presentation of extra claims)

37 C.F.R. Section 1.16(e) (surcharge for filing the basic filing fee and/or declaration on a date later
than the filing date of the application)

37 C.F.R. Section 1.17(a)(1)-(5) (extension fees pursuant to Section 1.136(a))

37 C.F.R. Section 1.17 (application processing fees)

pate: _ Oedober § 2 %///ﬁ/%

Deepak Malhotra

Registration No. 33,560

Wells, St. John, Roberts, Gregory & Matkin P.S.
W. 601 First Avenue, Suite 1300

Spokane, WA 99201-3828

509-624-4276

Customer No. 012567

(Completion of Filing Requirements--Nonprovisional Application--page 3 of 7)
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Declaration and Power of Attorney for Patent Application

As a below named inventor, | hereby declare that:

My residence, post office address and citizenship are as stated below
next to my name.

| believe | am an original, first and sole inventor (if only one name is listed below)
or an original, first and joint inventor (if plural names are listed below) of the
subject matter which is claimed and for which a patent is sought on the invention
entited ADAPTIVE PREDISTORTION DEVICE AND METHOD USING
DIGITAL RECEIVER

(Attorney Docket No. ), the specification of which

(check [ X]is attached hereto.
one)

[ ] was filed, with my authority, on
as Application Serial No.
and was amended on if applicable).

| hereby state that | have reviewed and understand the contents of the
above identified specification, including the claims.

I acknowledge the duty to disclose information which is material to the
examination of this application in accordance with Title 37, Code of Federal
Regulations, §1.56(a).

And | hereby appoint DAVID P. ROBERTS, Reg. No. 23,032; RANDY
A. GREGORY, Reg. No. 30,386; JAMES L. PRICE, Reg. No. 27,376; MARK S.

-MATKIN, Reg. No. 32,268, DEEPAK MALHOTRA, Reg. No. 33,560; MARK W.

HENDRICKSEN, Reg. No. 32,356; DAVID G. LATWESEN; Reg. No. 38,533;
GEORGE G. GRIGEL, Reg. No. 31,166; KEITH D. GRZELAK, Reg. No. 37,144,
JAMES D. SHAURETTE, Reg. No. 39,833; FREDERICK M. FLIEGEL, Reg. No.
36,138; DONALD B. KENADY, Reg. No. 40,045; JAMES E. LAKE, Reg. No.
44 ,854; and BERNARD BERMAN, Reg. No. 37,279; all of Wells, St. John,
Roberts, Gregory & Matkin, P.S.; 601 West First Avenue, Suite 1300, Spokane,
Washington 99201-3828, Telephone (509) 624-4276, Customer No. 021567,
and each or any of them, my attorneys or agents, with full power of substitution
and revocation, to prosecute this application and to transact all business in the
Patent and Trademark Office connected therewith.

#3
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ADDRESS ALL COMMUNICATIONS IN OR PERTAINING TO THIS
APPLICATION TO:

Deepak Malhotra

WELLS, ST. JOHN, ROBERTS,
GREGORY & MATKIN, P.S.

601 West First Avenue, Suite 1300
Spokane, WA 99201-3828

Foreign Application(s)

| hereby claim foreign priority benefits under Title 35, United States
Code, §119(a)-(d) of any foreign application(s) for patent or inventor's certificate
listed below and have also identified below any foreign application for patent or
inventor's certificate having a filing date before that of the application on which
priority is claimed:

Priority Claimed

(Number) (Country) (Filing Date) Yes No

(Number) (Country) (Filing Date) Yes No

U.S. Provisional Application(s)

| hereby claim the benefit under Title 35, United States Code, §119(e)
of any United States provisional application(s) listed below:

(Provisional Application No.) (Filing Date)

(Provisional Application No.) (Filing Date)

U.S. Patent Application(s)

| hereby claim the benefit under Title 35, United States Code, §120 of
any United States application(s) listed below and, insofar as the subject matter of
each of the claims of this application is not disclosed in the prior United States
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application in the manner provided by the first paragraph of Title 35, United
States Code, §112, | acknowledge the duty to disclose material information as
defined in Title 37, Code of Federal Regulations, §1.56(a) which occurred
between the filing date of the prior application and the national or PCT
international filing date of this application:

(Application Serial No.) (Filing Date) (Status)

(Application Serial No.) (Filing Date) (Status)
(patented, pending, or
abandoned)

| hereby declare that all statements made herein of my own knowledge
are true and that all statements made on information and belief are believed to
be true; and further that these statements were made with the knowledge that
willful false statements and the like so made are punishable by fine or
imprisonment, or both, under Section 1001 of Title 18 of the United States Code
and that such willful false statements may jeopardize the validity of the
application or any patent issued thereon.

The undersigned to this Declaration and Power of Attorney hereby
authorizes the U.S. attorneys named herein to accept and follow instructions
from Mr. Marc Lupien c/o Goudreau Gage Dubuc, Suite 3400, P.O. Box 242,
800 Place-Victoria, Montreal, Quebec, H4Z 1E9, as to any actions to be taken
in the U.S. Patent and Trademark Office regarding this application without direct.
communication between the U.S. attorneys and the undersigned. In the event of
a change in the persons from whom instructions may be taken, the U.S.
attorneys will be so notified by the undersigned.

Full name of sole or first joint inventor ___Ernesto G. Jeckeln

Inventor's signature = o39-a! @/
Tz Date
Residence 3540 Edouard Montpetit, Apt. 202, Montréal, Québec, CA H3T 1K8
Citizenship Canadian
Post Office Address Same as above
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Full name of sole or first joint inventor

Inventor's signature

Residence 3470 Simpson, Apt. 805,

Fadhel M.Ghannouchi

ontréal, Québec, CA , H3G 2J5

Citizenship Canadian

Post Office Address

Same as above

Kk drdeddekd ok Addkkkdkdkddd ki

Full name of sole or first joint kyvento

Inventor's signature

Mohamad Sawan

200008/ 5

Date
Residence 597 chemin du Bord-de-l'eau, Laval, Québec, CA, H7X 1T9
Citizenship Canadian
Post Office Address Same as above

dkkkkkkkkkkkkhkkhkkkhhkhhkkhhkhiy

Full name of sole or first joint inventor

Francois Beauregard

Inventor's signatum oo/ /Of //5'
Date”

Residence 350 rue Papineau, La Prairie, Québec, CA, J5R 5H9

Citizenship Canadian

Post Office Address Same as above

Fhkdkhkhkkhkkkkkkkkkhkkkkkkkkhkih

Full name of sole or first joint inventor

Inventor's signature

Date
Residence
Citizenship
Post Office Address
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
WWW.uSplo.gov
| APPLICATION NO. | FILING DATE l FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. ]
09/877,608 06/08/2001 Emesto G. Jeckeln G035-001 1815
21567 7590 01/12/2005 ( EXAMINER ]
WELLS ST. JOHN P.S. LIU, SHUWANG
601 W. FIRST AVENUE, SUITE 1300
SPOKANE. WA 99201 | ART UNIT PAPERNUMBER |

2634

DATE MAILED: 01/12/2005

Please find below and/or attached an Office communication concerning this application or proceeding.

PTO 90C (Rev 10/03)
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Application No. Applicant(s)
09/877,608 JECKELN ET AL.

Office Action Summary Eamin s A Uit
Shuwang Liu 2634

-- The MAILING DATE of this communication appears on the cov r she t with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- Ifthe period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

N Responsive to communication(s) filed on 08 August 2001.
2a)[] This action is FINAL. 2b)X This action is non-final.
3)J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X Claim(s) 1-17 is/are pending in the application.
43a) Of the above claim(s) is/are withdrawn from consideration.
5[] Claim(s) ___is/are aliowed.
6)X Claim(s) 1-3.8.16 and 17 is/are rejected.
7)1 Claim(s) 4-7 and 9-15 is/are objected to.
8)[] Claim(s) ____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)0J The drawing(s) filed on is/are: a)[] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or .
a)JAll b)] Some * c)[] None of:
1.[J Certified copies of the priority documents have been received.
2.[7] Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) & Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)
2) [[] Notice of Draftsperson’s Patent Drawing Review (PTO- 948) Paper No(s)/Mail Date. ____
3) [] Information Disclosure Statement(s) (PTO-1449 or. PTO/SB/08) 5) ] Notice of Informal Patent Application (PTO-152)
Paper No(s)/Mail Date 6) [ other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 1-04) Office Action Summary Part of Paper No./Mail Date 01072005
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Application/Control Number: 09/877,608 Page 2
Art Unit: 2634

DETAILED ACTION
Claim Rejections - 35 USC § 103
1. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

2. Claims 1-3, 8, 16 and 17 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Helms (US 2001/0014592) in view of Persson (US 6,246,286).

As shown in figure 4, Helms discloses:

(1) regarding claims 1 and 17:

an adaptive method and an adaptive device for predistorting a signal to be
transmitted, supplied by a signal source to an input of a power amplifier having an
output for delivering an amplified output signal, comprising:

predistorting the signal to be transmitted by means of predistortion look-up tables
(LUT) interposed between the signal source (in) and the input of the power amplifier
(PA);

producing, via a first digital receiver (DDC1), a first feedback signal (output from
DDC1) in response to the predistorted signal (output from ADC);

producing, via a second digital receiver (DDC2), a second feedback signal
(output from DDC2) in response to the amplified output signal (output from ADC) from

the power amplifier;
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Application/Control Number: 09/877,608 Page 3
Art Unit: 2634

modeling (by AE(IP)) the power amplifier in response to the first and second
feedback signals; and '

updating the predistortion look-up table means in response to said modeli.ng of
the power amplifier (paragraph 0033 on page 3).

Helms discloses all of the subject matter as described above except for
specifically teaching the look-up tables which is an amplitude and phase look-up table
as claimed.

Persson, in the same field of endeavor, teaches the amplitude and phase look-up
table (111 in figure 6) in the adaptive device (column 10, lines 46-51 and column 12,
lines 12-18).

One skilled in the art would have clearly recognized phase and amplitude are two
basic characteristics of a signal, which cause the distortion associated with power
amplifier and are measured during amplification of distortion detection signal. Based on
the measured amplitude and phase distortion and known characteristics of the distortion
detection signal, relationships between the input power and amplitude and phase,
distortion are calculated. It would be desirable to have an adaptive liberalization
technique that can be effectively compensation for time-varying nonlinearities of power
amplifier and at the same time relax the processing requirements of digital signal
processor and decrease current consumption (column 1, line 32-column 2, line 63,
Persson). Therefore, it would have been obvious to one of ordinary skill in the art at the
time of the invention to adopt the two basic characteristics of phase and amplitude in

look-up table as taught by Persson in the look-up table of Helms in order to effectively
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Application/Control Number: 09/877,608 Page 4
Art Unit: 2634

compensation for time-varying nonlinearities of power amplifier and at the same time
relax the processing requirements of digital signal processor and decrease current
consumption.

(2) regarding claim 2

wherein said first feedback signal includes the complex envelope (I and Q output
from DDC1) of the predistorting signal.

(3) regarding claim 3:

wherein said second feedback signal includes the complex envelope (I and Q
output from DDC2) of the amplified output signal.

(4) regarding claims 8 and 16:

a transmitter system for amplifying and up-converting a baseband signal from a
signal source; said transmitter system comprising:

a power amplifier (PA) having a signal input and an amplified signal output;

a complex gain adjuster (PD1, ...PDn) interposed between the signal source and
said signal input;

distorting generator (LUT) including predistortion look-up table; said distorting
generator being so configured as to contfol said complex gain adjuster»to predistort the
baseband signal in amplitude and in phase;

an up-conveter (UM) receiving said predistorted baseband signal; said up-
converter being so configured as to supply an up-converted predistorted signal to said

signal input of said power amplifier;
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Application/Control Number: 09/877,608 Page 5
Art Unit: 2634

a first digital receiver (DDC1) producing a first feedback signal in response to the
predistorted baéeband signal;

a second digital receiver (DDC2) producing a second feedback signal in
response to the up-conveted amplified output signal from said amplified signal output;

a control module (AE(IP)) receiving said first and second feedback signal‘s from
said first and second digital receiver', said control module being so configured as lo
model said power amplifier in response to the first and second feedback signals and to
update said look-up table of said distorting generator in response to said modeling of
said power amplifier (paragraphs 0028-0033 on page 3).

Helms discloses all of the subject matter as described above except for
specifically teaching the look-up tables which is an amplitude and phase look-up table
as claimed.

Persson, in the same field of endeavor, teaches the amplitude and phase look-up
table (111 in figure 6) in the adaptive device (column 10, lines 46-51 and column 12,
lines 12-18).

One skilled in the art would have clearly recognized phase and amplitude are two
basic characteristics of a signal, which cause the distortion associated with power
amplifier and are measured during amplification of distortion detection signal. Based on
the measured amplitude and phase distortion and known characteristics of the distortion
detection signal, relationships between the input power and amplitude and phase
distortion are calculated. It would be desirable to have an adaptive liberalization

technique that can be effectively compensation for time-varying nonlinearities of power
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Application/Control Number: 09/877,608 Page 6
Art Unit: 2634

amplifier and at the same time relax the processing requirements of digital signal
processor and decrease current consumption (column 1, line 32-column 2, line 63,
Persson). Therefore, it would have been obvious to one of ordinary skill in the art at the
time of the invention to adopt the two basic characteristics of phase and amplitude in
look-up table as taught by Persson in the look-up table of Helms in order to effectively
compensation for time-varying nonlinearities of power amplifier and at the same time
relax the processing requirements of digital signal processor and decrease current

consumption.

Allowable Subject Matter
3. Claims 4-7 and 9-15 objected to as being dependent upon a rejected base claim,
but would be allowable if rewritten in independent form including all of the limitations of

the base claim and any intervening claims.

Conclusion
4. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Shuwang Liu whose telephone number is 571 272-3036.
The examiner can normally be reached on M-F, 7:30 AM to 5:00 PM.
If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Stephen Chin can be reached on 571 272-3056. The fax phone number for

the organization where this application or proceeding is assigned is 703-872-9306.
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Application/Control Number: 09/877,608 Page 7
Art Unit: 2634

Information regarding the status.of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free).

{447 4’/ )
Shuwang Liu

Primary Examiner
Art Unit 2634

January 7, 2005
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

fpplication Serial NO. ... 09/877,608
Confirmation No........... PP 1815
FIliNg Date ..o e June 8, 2001
INVENTOT Lo Ernesto G. Jeckeln et al.
ASSIGNEE .ot e Polyvalor S.E.C.
GroUP Art Uit oo e 2634
E X AN T e Shuwang Liu
CUSTOMET NO. . e e 021567
Attorney’s DOCKet NO. ..o GO35-001

Title: Adaptive Predistortion Device and Method Using Digital Receiver

RESPONSE TO JANUARY 12, 2005 OFFICE ACTION

To: Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

'From:Deepak Malhotra (Tel. 509-624-4276; Fax 509-838-3424)
y Wells St. John P.S. ,
601 W. First Avenue, Suite 1300
Spokane, WA 99201-3828
Responsive to the Office Action dated January 12, 2005, Applicants amend
and remark as follows. Underlines indicate insertions and strikeouts indicate

deletions

AMENDMENTS

Amendments to the Abstract begin o.n Page 2 of this paper.

Amendments to the Specification begin on Page 3 of this paper.
Amendments to the Claihs are reflected in the listing of claims which begins
on Page 8 of this paper.

Remarks begin on Page 15 of this paper.

s:\GO35\001\M01.doc A270507120140N
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Appl. No. -09/877,608
Response to 1/12/05 Office Action
Atty. Dkt. No. GO35-001

Amendments to the Abstract:

Please replace the Abstract of the Disclosure with the following amended
Abstract:

An advanced adaptive baseband/RF predistorting device, which
advantageously uses the concept of digital receiver technology into power amplifier (PA)
linearization area. The predistorting device performs an instantaneous characterization of
the PA using two digital receivers to supply its dynamic AM-AM and AM-PM transfer

functions used to synthesize Look-Up Tables (LUT) which implement the complex

predistortion function in order to compensate for any non-linearity and memory effects.

s:\GO35\001\M01.doc A270507120140N
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Appl. No. -09/877,608
Response to 1/12/05 Office Action
Atty. Dkt. No. GO35-001

Amendments to the Specification:

Please replace paragraph [0018] with the following amended paragraph [0018]:

[0018] More specifically, in accordance with the present invention, there is provided an

adaptive method for predistorting a an RF modulated signal, to be transmitted, supplied by

a signal source to an input of a power amplifier having an output for delivering an amplified
output signal, said method comprising the steps of:

predistorting the RF modulated signal to be transmitted using an I/Q modulator by

es interposed between the signal

source and the input of the power amplifier_and controlled by means of amplitude and

phase look-up tables stored in a distorting generator;

producing, via a first digital receiver, a first feedback signal in response to the RF
predistorted signal;

producing, via a second digital receiver, a second feedback signal in response to
the RF amplified output signal from the power amplifier;

modeling the power amplifier in response to the first and second feedback
signals; and

updating the predistortion amplitude and phase look-up table tables means in

response to said modeling of the power ampilifier.
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Please replace paragraph [0019] with the following amended paragraph [0019]:

[0019] According to a second aspect of the present invention, there is provided an

adaptive device for predistorting a-an RF modulated signal to be transmitted, supplied by a

signal source to an input of a power amplifier having an output for delivering an amplified
output signal, said adaptive device comprising:

a-complex-gain-adjuster an 1/Q modulator interposed between the signal source

and the input of the power amplifier;

a distorting generator including predistortion amplitude and phase look-up table
tables; said distorting generator bemg-seeenﬁgwed—as—teeempel controlling said eemplex
gain-adjuster [/Q modulator to predistort the RF modulated signal to be transmitted in
amplitude and in phase;

a first digital receiver producing a first feedback signal in response to the RF
predistorted signal from said complex-gain-adjuster I/Q modulator;

a second digital receiver producing a second feedback signal in response to the
RF amplified output signal from the power amplifier; and

a control module receiving said first and second feedback signals from said first
and second digital receivers; said control module being so configured as to model the
power amplifier in response to the first and second feedback signals and to update said

amplitude and phase look-up table tables of said disterion distorting generator in response

to said-medeling a dynamic modeling of the power amplifier.
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Please replace paragraph [0020] with the following amended paragraph [0020]:

[0020] According to a third aspect of the present invention, there is provided a
transmitter system for amplifying-and up-converting and amplifying a baseband signal from
a signal source; said transmitter system comprising:

a power amplifier having a signal input and an amplified signal output;

an }/Q modulator cemplex-gain-adjuster interposed between the baseband signall
source and said signal input;

a distorting generator including predistortion amplitude and phase look-up table

tables; said distorting generator

adjuster controlling said I/Q modulator to predistort the baseband signal in amplitude and in

phase;
an up-converter receiving said the predistorted baseband signal; said up-
converter being so configured as to supply an up-converted predistorted signal to said

signal input of said power ampiifier;

a second digital receiver producing a secend feedback signal in response to the

up-converted amplified output signal from said amplified signal output; and

a control module receiving a delayed reference signal from said I/Q modulator
and the feedback signal from said digital receiver said-first-and-second-feedback-signals
from-said-first-and-second-digital-reseivers; said control module being so configured as to
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model the transmitter system said-power—amplitier in response to the reference and

feedback signals the-first-and-second-feedback-signals and to update said amplitude and

phase look-up table tables of said distorting generator in response to a dynamic non

linearity and memory effect modeling of the transmitter svsteméaid—medeﬁng—ef—&aid—pewer

Please replace paragraph [0021] with the following amended paragraph

[0021]:

[0021] According to a final aspect of the present invention, there is provided an adaptive

device for predistorting a baseband digital signal to be transmitted, supplied by a signal

source to an input of a transmitter system power-amplifier having an output for delivering

an amplified output signal, comprising:
predistorter means comprising an 1/Q modulator controlled by predistortion
amplitude and phase look-up table tables means interposed between the signal source and

the input of an up-converter the-peweramplifier for amblitude and phase predistorting the

signal to be transmitted,;

digital receiver means for producing a sesend feedback signal in response to the

amplified output signal from the transmitter system pewer-amplifier; and
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means for modeling the transmitter system poweramplifierinrosponse-tothefirst
and-secondfeedback-sigrals in response to a reference signal and to the feedback signal

and to update the amplitude and phase look-up tables in response to a dynamic non-

linearity and memory effect modeling of the transmitter system.;-and
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Amendments to the Claims:

Claim 1 (Currently amended): An adaptive method for predistorting a an
hF modulated signal, to be transmitted, supplied by a signal source to an input of a power
amplifier having an output for delivering an amplified output signal, said method comprising
the steps of:

predistorting the RF_modulated signal to be transmitted using an I/Q

s interposed

modulator

between the signal source and the input of the power amplifier, and controlled by means of

amplitude and phase look-up tables stored in a distorting generator;

producing, via a first digital receiver, a first feedback signal in response to
the RF predistorted signal;

producing, via a second digital receiver, a second feedback signal in
response to the RF amplified output signal from the power amplifier;

modeling the power amplifier in response to the first and second feedback
signals; and

updating the predistortion amplitude and phase look-up table tables

means in response to said modeling of the power amplifier.

Claim 2 (Currently amended): An adaptative adaptive method as recited

in claim 1, wherein said first feedback signal includes the complex envelope of the

predistorting RF predistorted signal.
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Claim 3 (Currently amended): An adaptative adaptive method as recited
in claim 2, wherein said second feedback signal includes the complex envelope of the RF

amplified output signal.

Claim 4 (Currently amended): An adaptative adaptive method as recited
in claim 3, wherein said modeling step includes the discrimination of the complex envelope
of the first feedback signal referenced to the complex envelope of the second feedback
signal to yield a predistortion function correlated to the a behaviour of the power amplifier

including nonlinearities and memory effects.

Claim 5 (Currently amended): An adaptative adaptive method as recited

in claim 4, wherein said modeling step is done in real time.

Claim 6 (Currently amended): An adaptative adaptive method as recited

in claim 1, wherein said updating step is done when a linearity metric an adjacent channel

power ratio (ACPR) measurement sub-step indicates that the predistorting step is not

adequate to meet predetermined ACPR standards.

Claim 7 (Currently amended): An adaptative adaptive method as recited
in claim 6, wherein said linearity metric ACPR measurement sub-step is done via a digital

receiver that includes a first channel tuned to the a mean frequency and a second channel

s:\GO35\001\M01.doc A270507120140N

PETITIONERS EXHIBIT 1002
Page 94 of 153



Appl. No. -09/877,608
Response to 1/12/05 Office Action
Atty. Dkt. No. GO35-001

that is tuned to a predetermined offset frequency, said linearity metric ACPR measurement
sub-step including inrcludes comparing the an average power at the mean means

frequency and at the predetermined offset frequency.

Claim 8 (Currently amended): An adaptive device for predistorting a an
RF modulated signal to be transmitted, supplied by a signal source to an input of a power
amplifier having an output for delivering an amplified output signal, said adaptive device
comprising:

a-complex-gain-adijuster an I/Q modulator interposed between the signal

source and the input of the power amplifier;

a distorting generator including predistortion amplitude and phase look-up
table tables; said distorting generator being-so-configured-as-to-centrol controlling said
complex—gain—adjuster 1/Q modulator to predistort the RF_modulated signal to be
transmitted in amplitude and in phase;

a first digital receiver producing a first feedback signal in response to the
- RF predistorted signal from said complex-gair-adjuster I/Q modulator;

a second digital receiver producing a second feedback signal in response

.
to the RF amplified output signal from the power amplifier; and

a control module receiving said first and second feedback signals from
said first and second digital receivers; said control module being so configured as to model

the power amplifier in response to the first and second feedback signals and to update said

10
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amplitude and phase look-up table tables of said distertien distorting generator in response

to said-medeling a dynamic modeling of the power amplifier.

Claim 9 (Currently amended): An adaptative adaptive device as recited in
claim 8, wherein said look-up tables of said difering distorting generator are indexed by an
envelope detector that detects the envelope of the signal to be transmitted before

predistortion.

Claim 10 (Currently amended): An adaptative adaptive device as recited -
in claim 9, wherein said envelope detector indexes the distorting generator via an analog to

digital converter.

Claim 11 (Currently amended): An adaptative adaptive device as recited
in claim 8, wherein said look-up tables of said difterting distorting generator are indexed by
the data from a third digital receiver that down-converts the signal to be transmitted to

baseband.

Claim 12 (Currently amended): An adaptative adaptive device as recited
in claim 11, wherein the data from said third digital receiver is supplied to said control

module that indexes said distorting generator accordingly.

11
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Claim 13 (Currently amended): An adaptative adaptive device as recited
in claim 8, wherein said control module is so configured as to update said amplitude and
phase look-up tables when an adjacent channel power ratio (ACPR) measurement
indicates that the predistortion made by said predistorting generator is not adequate to

meet predetermined ACPR standards.

Claim 14 (Currently amended): An adaptative adaptive device as recited
in claim 13, wherein said ACPR measurement is done via said second digital receiver that
includes a first channel tuned to a mean frequency and a second channel that is tunedto a
predetermined offset frequency, said ACPR measurement including comparing the an

average power at the means mean frequency and at the predetermined offset frequency.

Claim 15 (Currently amended): An adaptative adaptive device as recited
in claim 8, wherein said control module is alse—se further configured as to insert an

adequate delay between the first feedback signal and the second feedback signal.

" Claim 16 (Currently amended): A transmitter system for amplifying-and

up-converting and amplifying a baseband signal from a signal source; said transmitter

system comprising:
a power amplifier having a signal input and an amplified signal output;

a an 1/Q modulator cemplex—gain—adjuster interposed between the

baseband signal source and said signal input;

12
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a distorting generator including predistortion amplitude and phase look-up "

table tables; said distorting generator bein

adjuster controlling said I/Q modulator to predistort the baseband signal in amplitude and in

. phase;
an up-converter receiving said the predistorted baseband signal; said up-

converter being so configured as to supply an up-converted predistorted signal to said

signal input of said power amplifier;

a second digital receiver producing a secend feedback signal in response
to the up-converted amplified output signal fro‘m said amplified signal output; and

a control module receiving a_delayed reference signal from said 1/Q

modulator and the feedback signal from said digital receiver said{firstand-secondfeedback

signalsfrom-said-firstand-second-digitalreceivers; said control module being so configured
as to model the transmitter system said-poweramplifier in response to the reference and

feedback signals the-first-and-second-feedback-sigrals and to update said amplitude and

phase look-up table tables of said distorting generator in response to a dynamic non

linearity and memory effect modeling of the transmitter system said-modelingofsaid-power

Claim 17 (Currently amended): An adaptive device for predistorting a

baseband digital signal to be transmitted, supplied by a signal source to an input of a

13
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transmitter system power-amplifier having an output for delivering an amplified output

signal, comprising:
predistorter means comprising an |/Q modulator controlled by predistortion
amplitude and phase look-up table tables means interposed between the signal source and

the input of an up-converter the-poweramplifier for amplitude and phase predistorting the

signal to be transmitted;

digital receiver means for producing a sesend feedback signal in response

to the amplified output signal from the transmitter system poweramplifier; and

means for modeling the transmitter system peweramplifierinresponseto
thefirstand-secondfeedbacksighals in response to a reference signal and to the feedback

signal and to update the amplitude and phase look-up tables in response to a dynamic

non-linearity and memory effect modeling of the transmitter system.;-and

14
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REMARKS

Reconsideration of this Application and entry of the foregoing amendments are
respectfully requested.

Claims 1 to 17 remain in the case.

The Examiner’s indication that claims 4-7 and 9-15 contain allowable subject matter
is acknowledged.

Claims 1-17 have been amended. No new matter is being added. Support for the
amendments to claims 1 to 16 cah be found, for example, at paragraphs [0038] to [0047].

Paragraphs [0018] to [0021] of the description have been amended accordingly.

REJECTIONS UNDER 35 U.S.C. § 103, FIRST PARAGRAPH

Claims 1-3, 8, 16 and 17 stand rejected under 35 U.S.C. §103(a), as being
unpatentable over U.S. Publication No. 2001/0014592 to Helms in view of U.S. Patent No.
6,246,286 to Persson.

Helms discloses a baseband predistortion method applied to multi-carrier
transmitter, wherein multiple carrier-specific predistortion functions implemented by means
of multiple Look Up tables (LUTs) are calculated and applied to the carriers (one LUT by
carrier), the predistorted carriers being then summed to form the composite predistorted IF
signal. As shown in Figure 4, the generation of each carrier related LUT is performed by
comparing the carrier related input signal and the carrier related output measuring signal,
which is obtained followinig a digital demodulation of the IF output measuring signal and

digital carrier selection and filtering. This digitally and well filtered base band signal does

15

s:\GO35\001\M01.doc A270507120140N

PETITIONERS EXHIBIT 1002
Page 100 of 153



Appl. No. -09/877,608
Response to 1/12/05 Office Action
Atty. Dkt. No. GO35-001

not normally contain any out-of-band distortion information, which is absolutely
needed to construct the carrier related LUT. Such method cannot be exploited in practical
multi-carrier applications, as shown for example by simulations using a well established
software, Advanced Design System (ADS) from Agilent Technolgies Inc., carried outon a
commercial LDMOS amplifier driven by three carriers WCDMA signal. Obtained results
are shown in Figures A1-A5 in Annex |. éredistorting each carrier leads to the generation
of an additional spectrum re-growth around that carrier that may spill out excess non-
linearity (distortion) in the adjacent carrier and may corrupt the in-band and out-band
spectrum of this adjacent carrier. The claimed invention calls for the synthesis of the
predistorted signal using only one LUT for the whole communication signal whenever it is
single- or multiple-carriers signal, in sharp contrast with Helms’ method of generating the
predistorted signal using multiples LUT, i.e. one LUT per carrier.

Persson’s method introduces within the communication signal a distortion detection
signal, such as a ramp-up signal or a ramp-down signal, and uses it to characterize the
amplifier and then deduce the predistortion function, in sharp contrast with the method
recited in Applicants’ claims which does not require any distortion detection signal or any
training sequence to pre-compensate for the nonlinearity of the PA, the method recited in
Applicants’ claims being signal- and power amplifier- independent since it can be used with
any power amplifiers and with any communication signal (any modulation etc.). |n~ addition
Persson performs the characterization for the purpose to extract the complex distortion
AM-AM and AM-PM using analog circuits either at RF frequencies or IF frequencies, in

contrast with the method recited in Applicants’ claims where the characterization of the

16
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amplifier is digitally carried out in the time domain at base band. While Persson’s method
allows power amplifier linearization, the claimed invention allows linearization of the whole
transmitter. In Persson, each | and Q predistorted signal is converted to analog voltages
that are used to modulate an RF carrier using I-Q modulator, whereas the claimed
invention teaches digitally modulating | and Q predistorted signals to avoid any problem
related to analog modulation such as | and Q imbalance and DC offset.

From the foregoing, neither Helms nor Persson teaches or even hints at the method
and device recited in the amended independent claims.

In view of the above and foregoing, it is respectfully requested that the Examiner
withdraw his rejection of claims 1-3, 8, 16 and 17 under 35 U.S.C. §103(a).

The rejections of the original claims are believed to have been overcome
by the present remarks and the introduction of new claims. From the foregoing,
further and favorable action in the form of a Notice of Allowance is believed to
be next in order, and such an action is earnestly solicited.

The undersigned is available for telephone consultation at any time.

Respectfully submitted,

Ernesto G. Jeckeln et al.

Deepak Malhotra
Reg. No. 33,560

Dated: __ /4 (07 (L Z2zoC By:
Attachments: Annex |
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ANNEX1

Al3

Simulations Schematic and Results of Helm’s Predistortion Proposed
Architecture '
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Figure 1. Schematic used for simulation purposes.

ADC

>

PA

Carrier splitting

30 T T L] 1 —1
! ——3C at PA output
20 -o— 3C at PA input
10 *
) .

N

\

s

™

PSD (dBm)
o
—o—ol
B g RS

ot : -
4%—r”’j \T‘Tw

-50
2100 2110 2120 2130 2140 2150 2160 2170 2180

Frequency (MHz)
Figure 2. Amplified and non amplified spectrums of the 3C-WCDMA signal.

"9 G = B P 0——0;@-9—4

BEST AVAILABLE copy

PETITIONERS EXHIBIT 1002
Page 103 of 153



A2/3

Li —
ﬁ —1C at PA input
~+— 1C at PA output

0
= <
s s
A4
a -50
%]
Bt

-100 /, \\
2130 2135 2140 2145 2150 2155 2160
Frequency (MHz)

Figure 3. Carrier-related spectrums (input spectrum and selected carrier spectrum at PA output).

50

———— ]

48

Gain (dB)
&
/

50 40 30 20 .10 0
Pin (dBm)

Figure 4. Measured AM/AM curve for the three-carrier signal

- BEST AVAILABLE COPY

PETITIONERS EXHIBIT 1002
Page 104 of 153



A3/3

d e 3.
te. 3.‘_23,'}"-3% :
50 [ =it :
ey
) et
- - -":'
45 [—evned
g R
RN G 3
40 1 3
e Sept g T
U Sivsy | -
. _:‘f".z,:'. ‘._."_.} .
35 e Ca
b R
R
30 .. &l
=50 -40 -30 -20 -10 0
Pin (dBm)

Figure 5. Measured carrier-related AM/AM curve for the first carrier signal.

Figure 3 shows the spectrum of a selected carrier (carrier 1) at the output of the amplifier
as well as the spectrum of this carrier at the input of the amplifier. The two spectrum are
almost identical and no out-ofband distortion is included in the selected carrier spectrum
at the output of the amplifier. This contrasts with the spectrums shown in Fig. 2 of the
whole signal (3 carriers). The output spectrum of the 3€-WCDMA signal includes out-of
band distortion needed to characterize and model the PA in terms of AM-Am and AM-
PM curves. Fig. 4 shows the AM-AM curves obtained for the PA using the whole signal.
However Fig. 5 shows the AM-AM curve of the PA obtained using only the first carrier.
It is almost impossible to use such curve ( data) to model correctly the PA. ’
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Application No. Applicant(s)
09/877,608 JECKELN ET AL.

Office Action Summary Examiner Art Unit
Shuwang Liu 2634

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- Ifthe period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)X Responsive to communication(s) filed on 12 July 2005.
2a) This action is FINAL. 2b)[] This action is non-final.
3)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 0.G. 213.

Disposition of Claims

4)[K Claim(s) 1-17 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.
5)[] Claim(s) ____is/are allowed.
6)X] Claim(s) 1-3,8,16 and 17 is/are rejected.
7YX Claim(s) 4-7 and 9-15 is/are objected to.
8)[] Claim(s) _____are subject to restriction and/or election requirement.

Application Papers

9)[_] The specification is objected to by the Examiner.
10)[]] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[J The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)JAI b)[JSome * c)[J None of:
1.0 Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. ___
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) [X] Notice of References Cited (PTO-892) 4) [ interview Summary (PTO-413)
2) [ Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date.
3) [J Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) [J Notice of Informat Patent Application (PTO- 152)
Paper No(s)/Mail Date _____. 6) D Other: _____
U.S. Patent and Trademark Office
PTOL-326 (Rev. 1-04) Office Action Summary Part of Paper No./Mail Date 20080826
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Application/Control Number: 09/877,608 Page 2
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DETAILED ACTION

Response to Arguments
1. Applicant's arguments, regarding claims 1 and 8, filed 07/12/05 have been fully
considered but they are not persuasive. The Examiner has thoroughly reviewed
Applicant’s arguments but firmly believes that the cited reference reasonably and
properly meets the claimed limitation as rejected.

(1) Regarding Helms’ reference:

Applicant’s argument — “The claimed invention calls for the synthesis of
predistorted signal using only one LUT for the whole communication signal whenever it
is single- or multiple-carrier signal, in sharp contrast with Helm’s method of generating
the predistorted signal using multiples LUT, i.e. one LUT per carrier.”

Examiner’s response —First, in response to applicant's argument that the
references fail to show certain features of applicant’s invention, it is noted that the
features upon which applicant relies (i.e., the synthesis of predistorted signal using only
on LUT for the whole communication signal) are not recited in the rejected claim(s).
Although the élaims are interpreted in light of the specification, limitations from the
specification are not read into the claims. See /In re Van Geuns, 988 F.2d 1181, 26
USPQ2d 1057 (Fed. Cir. 1993). Secondly, the multiple LUTs are recited in the limitation
of “controlled by means of amplitude and phase look-up tables stored in a distorting
generator” instead of only one LUT.

(2) Regarding Persson'’s reference:
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Applicant’'s argument —In sharp contrast with the method recited in Applications’
claims which does not require any distortion signal or any training sequence to pre-
compensate for nonlinearity of the PA” and In Person, each | and Q predistorted signal
is converted to analog voltages that are used to modulate an RF carrier using I-Q
modulator, whereas the claimed invention teaches digitally modulating | and Q
predistorted signal to avoid any problem related to analog modulation.”

Examiner’s response — In response to applicant's argument that the references
fail to show certain features of applicant’s invention, it is noted that the features upon
which applicant relies (i.e., “does not require any distortion signal or any training
sequence to pre-compensate for nonlinearity of the PA” and “the claimed invention
teaches digitally modulating | and Q predistorted signal”) are not recited in the rejected
claim(s). Although the claims are interpreted in light of the specification, limitations from
the specification are not read into the claims. See In re Van Geuns, 988 F.2d 1181, 26
USPQ2d 1057 (Fed. Cir. 1993).

(3) The rejection in the previous is under 35 USC 103 (a) by combining two
references. Therefore, the Applicant cannot show non-obviousness by attacking
references individually where, as here the rejections are based on combination of

reference. In re Keller, 208 USPQ 871 (CCPA 181).

2. Applicant's arguments with respect to claims 16 and 17 have been considered

but are moot in view of the new ground(s) of rejection because of the amendment.
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Claim Rejections - 35 USC § 103
3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

4, Claims 1-3, and 8 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Helms (US 2001/0014592) in view of Persson (US 6,246,286).

As shown in figure 4, Helms discloses:

(1) regarding claim 1:

an adaptive method and an adaptive device for predistorting a signal to be
transmitted, supplied by a signal source to an input of a power amplifier having an
output for deli;/ering an amplified output signal, comprising:

predistorting the RF modulated signal to be transmitted using an | and Q
modulator ( | and Q components and PDD as shown in figure 4) interposed between the
signal source (not shown) and the input of the power amplifier (PA), and controlled by
means of amplitude and phase look-up tables (LUTs) stored in a distorting generator
(see DM, ADC, DDC, AE(IP) in figure 4);

producing, via a first digital receiver (DDC1), a first feedback signal (output from

DDC1) in response to the RF predistorted signal (output from ADC);
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producing, via a second digital receiver (DDC2), a second feedback signal
(output from DDC2) in response to the RF amplified output signal (output from ADC)
from the power amplifier;

modeling (by AE(IP)) the power amplifier in response to the first and second
feedback signals; and

updating the predistortion look-up tables means in response to said modeling of
the power amplifier (paragraph 0033 on page 3).

Helms discloses all of the subject matter as described above except for
specifically teaching the look-up tables which is an amplitude and phase look-up table
as claimed.

Persson, in the same field of endeavor, teaches the amplitude and phase look-up
table (111 in figure 6) in the adaptive device (column 10, lines 46-51 and column 12,
lines 12-18).

One skilled in the art would have clearly recognized phase and amplitude are two
basic characteristics of a signal, which cause the distortion associated with power
amplifier and are measured during amplification of distortion detection signal. Based on
the measured amplitude and phase distortion and known characteristics of the distortion
detection signal, relationships between the input power and amplitude and phase
distortion are calculated. It would be desirable to have an adaptive liberalization
technique that can be effectively compensation for time-varying nonlinearities of power
amplifier and at the same time relax the processing requirements of digital signal

processor and decrease current consumption (column 1, line 32-column 2, line 63,
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Persson). Therefore, it would have been obvious to one of ordinary skill in the art at the
time of the invention to adopt the two basic characteristics of phase and amplitude in
look-up table as taught by Persson in the look-up table of Helms in order to effectively
compen'sation for time-varying nonlinearities of power amplifier and at the same time
relax the processing requirements of digital signal processor and decrease current
consumption.

(2) regarding claim 2

wherein said first feedback signal includes the complex envelope (I and Q output
from DDC1) of the RF predistorting signal.

(3) regarding claim 3:

wherein said second feedback signal includes the complex envelope (I and Q
output from DDC2) of the RF amplified output signal.

(4) regarding claims 8:

a transmitter system for amplifying and up-converting a baseband signal from a
signal source; said transmitter system comprising:

a power amplifier (PA) having a signal input and an amplified signal output;

an | and Q modulator (not shown , but output | and Q components from the
modulator as shown in figure 4) interposed between the signal source and said signal
input;

a distorting generator (LUT) including predistortion amplitude and phase look-up
tables (LUTs); said distorting generator controlling said | and Q modulator to predistort

the RF modulated signal in amplitude and in phase;
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a first digital receiver (DDC1) producing a first feedback signal in response to the
RF predistorted signal from said 1/Q modulator;

a second digital receiver (DDC2) producing a second feedback signal in
response to the RF amplified signal output;

a control module (AE(IP)) receiving said first and second feedback signals from
said first and second digital receiver', said control module being so configured as lo
model said power amplifier in response to the first and second feedback signals and to
update said look-up tables of said distorting generator in response to a dynamic
modeling of said power amplifier (paragraphs 0028-0033 on page 3).

Helms discloses all of the subject matter as described above except for
specifically teaching the look-up tables which is an amplitude and phase look-up table
as claimed.

Persson, in the same field of endeavor, teaches the amplitude and phase look-up
table (111 in figure 6) in the adaptive device (column 10, lines 46-51 and column 12,
lines 12-18).

One skilled in the art would have clearly recognized phase and amplitude are two
basic characteristics of a signal, which cause the distortion associated with power
amplifier aﬁd are measured during amplification of distortion detection signal. Based on
the measured amplitude and phase distortion and known characteristics of the distortion
detection signal, relationships between the input power and amplitude and phase
distortion are calculated. It would be desirable to have an adaptive liberalization

technique that can be effectively compensation for time-varying nonlinearities of power
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amplifier and at the same time relax the processing requirements of digital signal
processor and decrease current consumption (column 1, line 32-column 2, line 63,
Persson). Therefore, it would have been obvious to one of ordinary skill in the art at the
time of the invention to adopt the two basic characteristics of phase and amplitude in
look-up table as taught by Persson in the look-up table of Helms in order to effectively
compensation for time-varying nonlinearities of power amplifier and at the same time
relax the processing requirements of digital signal processor and decrease current

consumption.

5. Claims 16 and 17 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Francos et al. (US 6,741,662) in view of Persson (US 6,246,286).

As shown in figures 2A and 2B, Francos et al. discloses a transmitter system for

up-converting and amplifying a noseband signal from a signal, comprising:

a power amplifier having a signal input and an amplified signal output (23);

an 1/Q modulator (32, 34, 36, 38 and 82) interposed between the baseband
signal source and the signal input;

a distorting generator (84, 86, and 70) including phase look-up tables (84), said
distorting generator controlling said 1/Q modulator to predistort the baseband signal
(column 3, lines 43-51);

an up-converter (it is inherent to have up-converter in side 48 for the transmitter)

receiving the predistorted baseband signal, said up-converter being so configured as to
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supply an up-converted predistorted signal to said signal input of said power amplifier
(23);

a digital receiver (55) producing a feedback signal in response to the up-
converted amplified output signal from said amplified signal output; and

a control module (72 and 80) receiving a delayed reference signal (from 68) from
said 1/Q modulator and the feedback signal (C) from said digital receiver, said control
module being so configured as to model the transmitter system in response to the
reference and feedback signals and to update the look-up tables of said distorting
generator in response to a dynamic non-linearity and memory effect modeling of the
transmitter system (column 3, line 42-column 5, line 36).

Francos et al. discloses all of the subject matter as described above except for
specifically teaching the look-up tables which is an amplitude and phase look-up table
as claimed.

Persson, in the same field of endeavor, teaches the amplitude and phase look-up
table (111 in figure 6) in the adaptive device (column 10, lines 46-51 and column 12,
lines 12-18).

One skilled in the art would have clearly recognized phase and amplitude are two
basic characteristics of a signal, which cause the distortion associated with power
amplifier and are measured during amplification of distortion detection signal. Based on
the measured amplitude and phase distortion and known characteristics of the distortion
detection signal, relationships between the input power and amplitude and phase

distortion are calculated. It would be desirable to have an adaptive liberalization
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technique that can be effectively compensation for time-varying nonlinearities of power
amplifier and at the same time relax the processing requirements of digital signal
processor and decrease current consumption (column 1, line 32-column 2, line 63,
Persson). Therefore, it would have been obvious to one of ordinary skill in the art at the
time of the invention to adopt the two basic characteristics of phase and amplitude in
look-up table as taught by Persson in the look-up table of Francos et al. in order to
effectively compensation for time-varying nonlinearities of power amplifier and at the
same time relax the processing requirements of digital signal processor and decrease

current consumption.

Allowable Subject Matter
6. Claims 4-7 and 9-15 objected to as being dependent upon a rejected base claim,
but would be allowable if rewritten in independent form including all of the limitations of

the base claim and any intervening claims.

Conclusion
7. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).
A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not

mailed until after the end of the THREE-MONTH shortened statutory period, then the
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shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the mailing date of this final action.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Shuwang Liu whose telephone number is 571 272-3036.
The examiner can normally be reached on M-F, 7:30 AM to 5:00 PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Stephen Chin can be reached on 571 272-3056. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free).

= 7 é

Shuwang Liu
Primary Examiner
Art Unit 2634

August 29, 2005
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Title: Adaptive Predistortion Device and Method Using Digital Receiver

RESPONSE TO SEPTEMBER 6, 2005 FINAL OFFICE ACTION

To: Mail Stop AF
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

From:Deepak Malhotra (Tel. 509-624-4276; Fax 509-838-3424)
Wells St. John P.S.
601 W. First Avenue, Suite 1300
Spokane, WA 99201-3828
Responsive to the Final Office Action dated September 6, 2005, Applicants

amend and remark as follows. Underlines indicate insertions and strikeouis

indicate deletions

AMENDMENTS
Amendments to the Claims are reflected in the listing of claims which begins
on Page 2 of this paper.

Remarks/Arguments begin on Page 15 of this paper.
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Appl. No. -09/877,608
Response to 9/06/05 Office Action
Atty. Dkt. No. GO35-001

Amendments to the Claims:

Claims 1-3 (Cancelled).

Claim 4 (Currently amended): An-adaptive-method-as+ecited-in-claim

3An adaptive method for predistorting an RF modulated signal, to be transmitted, supplied

by a signal source to an input of a power amplifier having an output for delivering an

amplified output signal, said method comprising the steps of:

predistorting the RF modulated signal to be transmitted using an I/Q

modulator interposed between the signal source and the input of the power amplifier, and

controlled by means of amplitude and phase look-up tables stored in a distorting generator;

producing, via a first digital receiver, a first feedback signal in response to

the RF predistorted signal;

producing, via a second digital receiver, a second feedback signal in

response to the RF amplified output signal from the power amplifier;

modeling the power amplifier in response to the first and second feedback

signals; and

updating the predistortion amplitude and phase look-up tables in response

to said modeling of the power amplifier,

wherein said second feedback signal includes the complex envelope of

the RF amplified output signal, and
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Appl. No. -09/877,608
Response to 9/06/05 Office Action
Atty. Dkt. No. GO35-001

wherein said modeling step includes the discrimination of the complex
envelope of the first feedback signal referenced to the complex envelope of the second
feedback signal to yield a predistortion function correlated to a behaviour of the power

amplifier including nonlinearities and memory effects.

Claim 5 (Previously presented): An adaptive method as recited in claim 4,

wherein said modeling step is done in real time.

Claim 6 (Currently amended): An-adaptive-method-asrecited-in-claim+

An adaptive method for predistorting an RF modulated signal, to be transmitted, supplied

by a signal source to an input of a power amplifier having an output for delivering an

amplified output signal, said method comprising the steps of:

predistorting the RF modulated signal to be transmitted using an 1/Q

modulator interposed between the signal source and the input of the power amplifier, and

- controlled by means of amplitude and phase look-up tables stored in a distorting generator;

producing, via a first digital receiver, a first feedback signal in response to

the RF predistorted signai;

producing, via a second digital receiver, a second feedback signal in

response to the RF amplified output signal from the power ampilifier;

modeling the power amplifier in response to the first and second feedback

signals; and
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Appl. No. -09/877,608
Response to 9/06/05 Office Action
Atty. Dkt. No. GO35-001

updating the predistortion amplitude and phase look-up tables in response

to said modeling of the power amplifier,

wherein said updating step is done when a linearity metric ar adjacent
channel power ratio (ACPR) measurement sub-step indicates that the predistorting step is

not adequate to meet predetermined ACPR standards.

Claim 7 (Previously presented): An adaptive method as recited in claim 6,
wherein said linearity metric ACPR measurement sub-step'is done via a digital receiver
that includes a first channel tuned to a mean frequency and a second channel that is tuned
to a predetermined offset frequency, said linearity metric ACPR measurement sub-step
including comparing an average power at the mean frequency and at the predetermined

offset frequency.

Claim 8 (Cancelled).

Claim 9 (Currently amended): An-adaptive-device-as+ecitedin-claim-8 An

adaptive device for predistorting an RF modulated signal to be transmitted, supplied by a

signal source to an input of a power amplifier having an output for delivering an amplified

output signal, said adaptive device comprising:

an I/Q modulator interposéd between the signal source and the input of

the power ampilifier;
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Response to 9/06/05 Office Action
Atty. Dkt. No. GO35-001

a distorting generator including predistortion amplitude and phase look-up

tables: said distorting generator controlling said I/Q modulator to predistort the RF

modulated signal to be transmitted in amplitude and in phase; .

a first digital receiver producing a first feedback signal in response to the

RF predistorted signal from said 1/Q modulator;

a second digital receiver producing a second feedback signal in response

to the RF amplified output signal from the power amplifier;

a control module receiving said first and second feedback signals from

said first and second digital receivers; said control module being so configured as to model

the power amplifier in response to the first and second feedback signals and to update said

amplitude and phase look-up tables of said distorting generator in response to a dynamic

modeling of the power amplifier,

wherein said look-up tables of said distorting generator are indexed by an
envelope detector that detects the envelope of the signal to be. transmitted before

predistortion.

Claim 10 (Previously presented): An adaptive device as recited in claim 9,
wherein said envelope detector indexes the distorting generator via an analog to digital

converter. .

Claim 11 (Currently amended): An-adaptive-device-asresitedin-claim-8

An adaptive device for predistorting an RF modulated signal to be transmitted, supplied by
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Appl. No. -09/877,608
Response to 9/06/05 Office Action
Atty. Dkt. No. GO35-001

a signal source to an input of a power amplifier having an output for delivering an amplified

output signal, said adaptive device comprising:

an I/Q modulator interposed between the signal source and the input of

the power amplifier;

a distorting generator including predistortion amplitude and phase look-up

tables: said distorting generator controlling said I/Q modulator to predistort the RF

modulated signal to be transmitted in amplitude and in phase;

a first digital receiver producing a first feedback signal in response to the

RF predistorted signal from said 1/Q modulator;

a second digital receiver producing a second feedback signal in response

to the RF amplified output signal from the power amplifier:

a control module receiving said first and second feedback signals from

said first and second digital receivers; said control module being so configured as to model

the power amplifier in response to the first and second feedback signals and to update said

amplitude and phase look-up tables of said distorting generator in response to a dynamic

modeling of the power amplifier,

wherein said look-up tables of said distorting generator are indexed by
data from a third digital receiver that down-converts the signal to be transmitted to

baseband.
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Appl. No. -09/877,608
Response to 9/06/05 Office Action
Atty. Dkt. No. GO35-001

Claim 12 (Previously presented): An adaptive device as recited in
claim 11, wherein the data from said third digital receiver is supplied to said control module

that indexes said distorting generator accordingly.

Claim 13 (Currently amended): An-adaptive-device-asreditedin-claim-8

An adaptive device for predistorting an RF modulated signal to be transmitted, supplied by

a signal source to an input of a power amplifier having an output for delivering an amplified

output signal, said adaptive device comprising:

an 1/Q modulator interposed between the signal source and the input of

the power amplifier;

a distorting generator including predistortion amplitude and phase look-up

tables: said distorting generator controlling said I/Q modulator to predistort the RF

modulated signal to be transmitted in amplitude and in phase;

a first digital receiver producing a first feedback signal in response to the

RF predistorted signal from said 1/Q modulator;

a second digital receiver producing a second feedback signal in response

to the RF amplified output signal from the power amplifier:

a control module receiving said first and second feedback signals from

said first and second digital receivers; said control module being so configured as to model

the power amplifier in response to the first and second feedback signals and to update said

amplitude and phase look-up tables of said distorting generator in response to a dynamic

modeling of the power amplifier,
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Response to 9/06/05 Office Action
Atty. Dkt. No. GO35-001

wherein said control module is so configured as to update said amplitude
and phase look-up tables when an adjacent channel power ratio (ACPR) measurement
indicates that the predistortion made by said predistorting generator is not adequate to

meet predetermined ACPR standards.

Claim 14 (Previously presented): An adaptive device as recited in
claim 13, wherein said ACPR measurement is done via said second digital receiver that
includes a first channel tuned to a mean frequency and a second channel that is tunedto a
predetermined offset frequency, said ACPR measurement including comparing an average

power at the means frequency and at the predetermined offset frequency

Claim 15 (Currently amended): An-adaptive-device-asresited-in-claim-8

An adaptive device for predistorting an RF modulated signal to be transmitted, supplied by

a signal source to an input of a power amplifier having an output for delivering an amplified

output signal, said adaptive device comprising:

an 1/Q modulator interposed between the signal source and the input of

the power amplifier;

a distorting generator including prédistortion amplitude and phase look-up

tables: said distorting generator controlling said I/Q modulator to predistort the RF

modulated signal to be transmitted in amplitude and in phase;

a first digital receiver producing a first feedback signal in response to the

RF predistorted siqhal from said I/Q modulator;
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Appl. No. -09/877,608
Response to 9/06/05 Office Action
Atty. Dkt. No. GO35-001

a second digital receiver producing a second feedback signal in response

to the RF amplified output signal from the power amplifier;

a control module receiving said first and second feedback signals from

said first and second digital receivers: said control module being so configured as to model

the power amplifier in response to the first and second feedback signals and to update said

amplitude and phase look-up tables of said distorting generator in response to a dynamic

modeling of the power amplifier,

wherein said control module is further configured as to insert an adequate

delay between the first feedback signal and the second feedback signal.

Claims 16-17 (Cancelled).
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Response to 9/06/05 Office Action
Atty. Dkt. No. GO35-001

REMARKS
Reconsideration of this Application and entry of the foregoing amendments are

respectfully requested.
Claims 4-7 and 9-15 remain in the case. Claims 1-3, 8 and 16 and 17 have been

cancelled. Claims 4, 6,9, 11, 13, and 15 have been amended in view of the Office Action.

REJECTIONS UNDER 35 U.S.C. § 103 FIRST PARAGRAPH

The Examiner has rejected claims 1-3 and 8 under 35 U.S.C. § 103, first paragraph
as being unpatentable over U.S. Patent Publication No. 2001/0014592 to Helms in view of
U.S. Patent No. 6,246,286 to Persson.

Applicants respectfully traverse the rejection as follows.

In order to speed up prosecution of the application, Applicants have cancelled
claims 1-3 and 8.

The Examiner has rejected claims 16 and 17 under 35 U.S.C. § 1083, first paragraph
as being unpatentable over U.S. Patent No. 6,751,662 to Francos et al. in view of U.S.
Patent No. 6,246,286 to Persson.

Applicants respectfully traverse the rejection as follows.

In order to speed up prosecution of the application, Applicants have cancelled
claims 16 and 17.

Applicants have amended claims 4, 6, 9, 11, 13, and 15 to place those claims in
independent form, including all the limitations of the base claim and any intervening claims,

as suggested by the Examiner.

10
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Appl. No. -09/877,608
Response to 9/06/05 Office Action
Atty. Dkt. No. GO35-001

The rejections of the original claims are believed to have‘been overcome by the
present amendments and remarks. From the foregoing, further and favorable action in the
form of a Notice of Allowance is believed to be next in order, and such an action is
earnestly solicited. |

Authorization is hereby given to charge deposit account no. 07-1742 for any
deficiencies or overages in connection with this response.

The undersigned is available for telephone consultation at any time.

Respectfully submitted,

Ernesto G. Jeckeln et al.

Dated: /l/ﬂl/r 7/ 2008 By: )/%

Deepak Malhotra
Reg. No. 33,560
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(Depositor's name}
(Signature)
(Date)
I APPLICATION NO. l FILING DATE I FIRST NAMED INVENTOR ] ATTORNEY DOCKET NO. I CONFIRMATION NO.J
09/877,608 06/08/2001 Emesto G. Jeckeln G035-001 1815

TITLE OF INVENTION: ADAPTIVE PREDISTORTION DEVICE AND METHOD USING DIGITAL RECEIVER

[ APPLN. TYPE I SMALL ENTITY | ISSUE FEE | PUBLICATION FEE I TOTAL FEE(S) DUE [ DATE DUE |
nonprovisional YES $700 $300 $1000 03/06/2006
[ EXAMINER I ART UNIT l CLASS-SUBCLASS ]
LIU, SHUWANG 2634 375-296000

1. Chan3ge ()]f correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
.363).

CFR1 (1) the names of up to 3 registered patent attorneys 1
(O Change of corresngondence address (or Change of Correspondence or agents OR, alternatively,

Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a 2

(0 "Fee Address” indication (or "Fee Address" Indication form registered attomey or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attomeys or agents. If no name is 3
Number is required. listed, no name will be printed.

el

ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : O mdividual O Corporation or other private group entity O Government

4a. The following fee(s) are enclosed: 4b. Payment of Fee(s):
O 1ssue Fee (3 A check in the amount of the fee(s) is enclosed.
[ Publication Fee (No small entity discount permitted) ] Payment by credit card. Form PTO-2038 is attached.
(3 Advance Order - # of Copies [l The Director is hereby authorized by charge the required fee(s), or credit any overpayment, to
Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
Q.. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. Oe. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(gX2).
The Director of the USPTQ is requested to apply the Issue Fee and Publication Fee (if any) or to re-aglply any previously paid issue fee to the application identified above.

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is re_:rtgxired to obtain or retain a benefit b{ the public which is to file (and by the USPTO to process

an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, an

submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete

this form and/or su&gesnons for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.

g(lnx 1432, A‘l/e_xa.p ! 3,2-}”1 '] 412 32313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
exandria, Virginia - X

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
P.0. Box 1450
Alexandria, Virginia 22313-1450
$ud

WWW.USPLO. |
I APPLICATION NO. l FILING DATE l FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. l CONFIRMATION NO. 1
09/877,608 06/08/2001 Emesto G. Jeckeln G035-001 1815
021567 7590 12/05/2005 [ EXAMINER ]

WELLS ST. JOHN P.S.
601 W. FIRST AVENUE, SUITE 1300
SPOKANE, WA 99201

L1U, SHUWANG

[ ART UNIT | PAPER NUMBER ]
2634

DATE MAILED: 12/05/2005

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 797 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 797 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that

determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval

(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571) 272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at (703) 305-8283.

PTOL-85 (Rev. 07/05) Approved for use through 04/30/2007.
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Application No. Applicant(s)
. . 09/877,608 JECKELN ET AL.
Shuwang Liu 2634

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
Al claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to the amendment filed on 11/09/05.
2. [X] The allowed claim(s) is/are 4-7 and 9-15.

3. [J Acknowledgment is made of a claim for foreign prlorlty under 35 U.S.C. § 119(a)-(d) or (f).
¢ a)[J Al b)[J Some* c)[JNone ofthe:
1. [J Certified copies of the priority documents have been received.
2. [J Certified copies of the priority documents have been received in Application No. -
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: _____
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

. hoted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

-

4. [ A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [[] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) O hereto or 2) [ to Paper No./Mail Date _____
(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date _____

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1. 121(d).

6. [J DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [ Notice of References Cited (PTO-892) 5. [J Notice of Informal Patent Application (PTO-152)
2. [0 Notice of Draftperson's Patent Drawing Review (PT0-948) 6. [ Interview Summary (PTO-413),

Paper No./Mail Date
3. O Information Disclosure Statements (PTO-1449 or PTO/SB/08), 7. [0 Examiner's Amendment/Comment
Paper No./Mail Date
4. [] Examiner's Comment Regardmg Requirement for Deposit 8. [X] Examiner's Statement of Reasons for Allowance
. of Biological Material
9.0 other ______
U.S. Patent and Trademark Office
PTOL-37 (Rev. 7-05) Notice of Allowability Part of Paper No./Mail Date 20051123
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Application/Control Number: 09/877,608 : Page 2
Art Unit: 2634

DETAILED ACTION
Allowable Subject Matter

1. Claims 4-7 and 9-15 are allowed.

2. The following is a statement of reasons for the indication of allowable subject
matter: The present invention comprises a first digital receiver producing a first
feedback signal in response to the RF predistorted signal from the 1/Q modulator and a
second digital received producing a second feedback signal in response to the RF
amplified output from the poWer amplifier. The closest prior art, Persson (US Patent
Number 6,246,286) shows a similar system, which also the two receivers as recited in
the claims. However, Persson (or combination with Helms (2001/0014592) fails to
disclose the system comprising the limitations shown in the last paragraph as recited in
claims 4, 6, 9, 11, 13 and 15, respectively. The distinct features have been added to the
independent claims, therefore, rendering them allowable.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”
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Application/Control Number: 09/877,608 Page 3
Art Unit: 2634

Conclusion
3. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Shuwang Liu whose telephone number is 571 272-3036.
The examiner can normally be reached on M-F, 7:30 AM to 5:00 PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Stephen Chin can be reached on 571 272-3056. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free).

> /

Shuwang Liu
Primary Examiner
Art Unit 2634

November 23, 2005
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Application Serial NO. .....c.ooeiiiiiiiiiiiiiiiiri e 09/877,608
CoNfIrMAation NO. ...c.iii e ettt s e e e e e n e e e 1815
Filing Date ... e June 8, 2001
INVENIOT e Ernesto G. Jeckeln et al.
ASSIGNEE ...oceiiiiiiiiiiiiieii i e a e a e Polyvalor S.E.C.
Group Art Unit ..o e e s sa e e 2634
13 112111 =Y S PSPPSRI Shuwang Liu
01T 11 (o111 1=1 48 1\ Lo T P 021567
Attorney’'s Docket NO. ..o .... GO35-001

Title: Adaptive Predistortion Device and -Method Using Digital Receiver

RESPONSE TO SEPTEMBER 6, 2005 FINAL OFFICE ACTION

To: Mail Stop AF .

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450
From:Deepak Malhotra (Tel. 509-624-4276; Fax 509-838-3424)

Wells St. John P.S.

601 W. First Avenue, Suite 1300

Spokane, WA 99201-3828

Responsive to the Final Office Action dated September 6, 2005, Applicants
amend and remark as follows. Underlines indicate insertions and strikeouts
indicate deletions

AMENDMENTS

Amendments to the Claims are reflected in the listing of claims which begins

on Page 2 of this paper.

Remarks/Arguments begin on Page 15 of this paper.

8:\GO35\001\M02.doc A270511070845N
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. . Application/Control No. Applicant(s)/Patent under
Issue Classification Reexamination

09/877,608 JECKELN ET AL.
Examiner Art Unit

Shuwang Liu 2634

ISSUE CLASSIFICATION
ORIGINAL CROSS REFERENCE(S)
CLASS SUBCLASS CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)

324" 224 225 |22 |22

INTERNATIONAL CLASSIFICATION 230 ¢ 9
HolAnl (1o 4

/
/
/
/

SHUWANG LIU Total Claims Allowed: y

(Assistant Examiner)  (Date) PRIMARY EXAMINER
N 0.G. 0.G.
/M {?{W( gZ" g? Z“‘" ”/b’/xr/ | Print Claim(s) Print Fig.
(Legal Instruments Examiner) (Date) (Primary Exarrfner) (Date) / .

m Claims renumbered in the same order as presented by applicant | [ ] CPA T.D. [ORrR.1.47
_\ © — © — © — ®© — © — © — ®
@ £ © £ © = @ £ « £ © £ © £
£l o £ 2 £ D S k=) S K=y £ o £ |2
16 “ 18 “16 “ 16 “1 & “16 “ 16

1 31 61 91 121 151 181
2 32 62 92 122 152 182
3 33 63 93 123 153 183
4 34 64 94 124 154 184
5 35 65 95 125 155 185
6 36 66 96 126 156 186
7 37 67 97 127 157 187
8 38 68 98 128 158 188
9 39 69 99 129 159 189
10 40 70 100 130 160 190
11 41 71 101 131 161 191
12 42 72 102 132 162 192
13 43 73 103 133 163 193
14 44 74 104 134 164 194
15 45 75 105 135 165 195
16 46 76 106 136 166 196
17 47 77 107 137 167 197
18 48 78 108 138 168 198
19 49 79 109 139 169 199
20 50 80 110 140 170 200
21 51 81 111 141 171 201
22 52 82 112 142 172 202
23 53 83 113 143 173 203
24 54 84 114 144 174 204
25 55 85 115 145 175 205
26 56 86 116 146 176 206
27 57 87 117 147 177 207
28 58 88 118 148 178 208
29 59 89 119 149 179 209
30 60 90 120 150 180 210
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Index of Claims

Application/Control No.

Applicant(s)/Patent under

Reexamination

09/877,608 JECKELN ET AL.
Examiner Art Unit
Shuwang Liu 2634
. (Through numeral)
v | Rejected Cancelled N Non-Elected Appeal
=| Allowed + Restricted I | Interference Objected
]
|
Claim | ™ Date Claim Date Claim Date
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11— 51 101
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3 L 53 103
/14 |=] 54 104
2151t 55 105
216 [l 56 106
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7115 [« 65 115
16 | — 66 116
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18 68 118
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21 71 121
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24 74 124
25 75 125
26 76 126
27 77 127
28 78 128
29 79 129
30 80 130
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32 82 132
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35 85 135
36 86 136
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38 88 138
39 89 139
40 90 140
41 91 141
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49 99 149
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PART B - FEE(S) TRANSMITTAL U&
E

Complete and send this form, together with applicable fee(s), to: Mail = Mail Stop ISS
Commissioner for Patents
. P.O. Box 1450
. Alexandria, Virginia 22313-1450
QS X or Fax (571) 273-2885

INSTRUCTIONS: This form should be-used for transmitting the ISSUE FEE and PUBLICATION FEE (if required{). Blocks 1 through 5 should be completed where

‘apgiropriate‘ All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
in

cated unless corrected below or directed otherwise in Block 1, by (a ing a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications. (o) \
CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of, dress) < Note: A certificate of mailing can only be used for domestic ma.ilings of the
Z Fee(s) Transmittal. This certificate cannot be used for any other accompanying
RN apers. Each additional paper, such as an assignment or formal drawing, must
021567 7590 12/05/2005 FEB 09 ¢ Eave its own certificate of mailing or transmission.
WELLS ST. JOHN P.S. 2 (y Certificate of Mailing or Transmission
9 1 hereby certify that this Fee(s) Transmittal is being deposited with the United
601 W. FIRST AVENUE, SUITE 1300 ) States Postal Service with sufficient postage for ﬁr%t cﬁss mail in an envelope
SPOKANE, WA 99201 v address_ecéd to t&e ‘I}Asa#r gu(J 7{%%321;?515 addfhessda abo.v‘eﬁ or gegn facsimile
— transmitted to the - , on the date indicated below.
02/10/2006 HWOLDGE2 00000026 09877608 — - _
N q 5/.’) }\) wﬁ AN 2 ; (Depositor's name)
01 FC:2301 700.00 0P . . : - .
(Signature)
02 FC:1504 300,00 OP XMureo Thenk igature
03 FC:8001 15.00 OP Fod. 7 200f )
| appucamonno. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. j
09/877,608 06/08/2001 Emesto G. Jeckeln GO35-001 1815

TITLE OF INVENTION: ADAPTIVE PREDISTORTION DEVICE AND METHOD USING DIGITAL RECEIVER

I APPLN. TYPE I SMALL ENTITY I ISSUE FEE l PUBLICATION FEE I TOTAL FEE(S) DUE I DATE DUE l
nonprovisional YES $700 $300 $1000 03/06/2006
| EXAMINER : | ART UNIT [ CLASS-SUBCLASS |
LIU, SHUWANG 2634 . 375-296000

1. Chelm3g6eS():f correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list

CFR (1) the names of up to 3 registered patent attorneys 1WELLS ST. JOHN P.S.
(3 Change of corr&c&mdence address (or Change of Correspondence or agents OR, alternatively, o C -

Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a 2
[ "Fee Address” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to -
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If noname is 3
Number is required. listed, no name will be printed.

w

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assi%nee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. :

(AyNAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
POLYVALOR S.E.C. MONTREAL, QUEBEC, CANADA

Please check the appropriate assignee category or categories (will not be printed on the patent) : O mdividuat & Corporation or other private group entity (J Government

4a. The following fee(s) are enclosed: ’ 4b. Payment of Fee(s):
Issue Fee A check in the amount of the fee(s) is enclosed.
Publication Fee (No small entity discount permitted) (2 Payment by credit card. Form PTO-2038 isattached. deficiencies only
(X1 Advance Order - # of Copies 5 The Director is hereby authgrized by charge the xauicedk fe2(xX ‘or credit any overpayment, to
P Deposit Account Number %?—6'19 2,50 (enclose an extra copy of tln% form). i

5. Change in Entity Status (from status indicated above)
Qa. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. Ob. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

The Director of the USPTO is requested to agply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above.
NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature }r%/’ . Date F (4 é s ‘;fra'/b’ ;7,, }ﬁ é '

- Typed or printed name __ DEEPAK MALHOTRA : ... .Registration No. 33,560

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit b{ the public which is to file (and by the USPTO to process)

an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and

submitting the completed application form to the USPTO. Time will va{g depending upon the individual case. Any comments on the amount of time you require to complete

this form and/or st:Elgestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department otg Commerce,q’.o.

R?x 1432, A\l]qxap d 3,2 \3/;: 1:1‘;;; 323134450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
exandria, Virginia - 5

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
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