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METHOD AND APPARATUS FOR FINE FRMNCY SYNCHRONIZATION IN
_ MULTI-CARRIER DEMODULATION SYSTEMS

FIELD ®F THE INVENTION

The present invention relates to methods and apparatus for
performing a fine frequency synchronization in multi-carrier
demodulation systems, and| in particular to methods and
apparatus for performing fine frequency synchronization
compensating for a carrigr frequency deviation from an

oscillator frequency in a multi-carrier demodulation system

of the type capable of carxrying out a differential phase

decoding of multi-carrier odulated signals, wherein the

signals comprise a plurality of symbols, each symbol being

defined by ‘Pase Efference

having diffeﬁbii)g e uencigég
i _ Ve

betfeer’” simultaneous carriers

<

LA,

A
i
o)

m

;%CKGROUND OF {THE INVENTION

—
LT

n a multi cdrrier transmisslion system (MCM, OFDM), the
effect of a carrier frequency \offset is substantially more

considerable than in a single |carrier transmission system.

MCM is more sensitive to phase| noise and frequency offset
which occurs as amplitude distortion and inter carrier
interference (ICI). The inter carrier interference has the
no longer orthogonal ih

offsets occur after power

effect that the subcarriers ar
relation to each other. Frequenc
on oOr also later due to freguency deviation of the
oscillators used for downconversipn into baseband. Typical
accuracies for the frequency of free running oscillator
| requency. With a carrier

for example, there will

are about *50 ppm of the carrier
frequency in the S-band of 2.34 Ghz
be a maximum local oscillator (LO)\ frequency deviation of
above 100 kHz (117.25 kHz). The aboyve named effects result
in high requirements on the algorithm used for frequency

offset correction.
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DESCRIPTION OF PRIOR ART

Most prior art algorithm for frequency synchronization
divide frequency correction into two stages. In the first
stage, a coarse synchronization is performed. In the second
stage, a fine correction can be achieved. A frequently used
algorithm for coarse synchrohization of the carrier frequen-
cy uses a synchronization symbol which has a special spec-
tral pattern in the frequency domain. Such a synchronization
symbol is, for example, a CAZAC sequence (CAZAC = Constant
Amplitude Zero Autocorrelation). Through comparison, i.e.
the correlation, of the poyer spectrum of the received
signal with that of the tramsmitted signal, the frequency

carrier offset can be coarselly estimated. These prior art
regquency domain. Reference is

algorithms all work in the
made, for example, to Ferdinand ClaBen, Heinrich Meyr,
"Synchronization Algorithms foér an OFDM System for Mobile
130, Codierung filir Quelle,
- 113, Oct. 26-28, 1994; and

. Cox, "“Low-Overhead, Low-

Communication", ITG-Fachtagun
Kanal und Ubertragung, pp. 105
Timothy M. Schmidl, Donald

Complexity ([Burst] Synchfonizat'on for OFDM", in Proceedings
of the IEEE International Confierence on Communication ICC
1996, pp. 1301-1306 (1996).

For the coarse synchronization| of the carrier frequency,

Paul H. Moose, “"A Technique | for Orthogonal Frequency
Division Multiplexing Frequency| Offset Correction'", IEEE
‘Transaction On Communications, ol. 42, No. 10, October
1994, suggest increasing the spacing between the subcarriers
such that the subcarrier distahce 1is greater than the
maximum frequency difference between the received and trans-
mitted carriers. The subcarrier istance 1is 1increased by
reducing the number of sample valyes which are transformed
by the Fast Fourier Transform. |This corresponds to a
reduction of the number of sampling\values which are trans-

formed by the Fast Fourier Transform
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SUMMARY OF THE INVENTION

It is an object of the present inventioh to provide methods
and apparatus for performing a fine frequency synchroni-
zation which allow a finé frequency synchronization compen-
sating for a carrier frequency deviation from an oscillator
frequency in a MCM transmission system which makes use of
MCM signals in which information is differential phase

encoded between simultangous sub-carriers having different

frequencies.

In accordance with a first aspect, the present invention
.provides a method of performing a fine frequency synchro-
nization compensating for |a carrier frequency deviation from
by an oscillator frequency |in a multi-carrier demodulation
£3 system of the type capable of carrying out a differential
phase decoding of multil~carrier modulated signals, the
signals comprising a plurallity of symbols, each symbol being
defined by phase differenges between simultaneous carriers

having different frequencies, the method comprising the

steps of:

determining a phase difference between phases of the same

-

carrier in different symbol

determining a frequency offset by eliminating phase shift
uncertainties corresponding| to codeable phase shifts from

the phase difference; and

performing a feedback corregtion of the carrier fregquency

deviation based on the determined frequency offset.

In accordance with a second spect, the present invention

provides a method of performilng a fine frequency synchro-

nization compensating for a canrier frequency deviation from

an oscillator frequency in multi-carrier demodulation

Fraunhofer Ex 2018-16
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system of the type capablge of carrying out a differential
phase decoding of multi4carrier modulated signals, the
signals comprising a plurallity of symbols, each symbol being
defined by phase differencks between simultaneous carriers
having different frequenciles, the method comprising the

steps of:

determining respective phdses of the same carrier in

different symbols;

eliminating phase . shift certainties corresponding to
codeable phase shifts frém the phases to determine

respective phase deviations;

determining a frequency ofiffset by determining a phase

difference between the phase deviations; and

performing a feedback correctiion of said carrier frequency

deviation based on the determilned frequency offset.

In accordance with a third 4&spect, the present invention

provides a method of performing a fine frequency synchro-
nization compensating for a canrier frequency deviation from
an oscillator frequency in multi-carrier demodulation
system of the type capable of |carrying out a differential
phase decoding of multi-carrier modulated signals, the
signals comprising a plurality symbols, each symbol being
defined by phase differences batween simultaneous carriers
having different frequencies, he method comprising the
steps of:

for a plurality of carriers in thé symbols:

determining a phase difference
carrier in different symbols; an
determining a frequency offset by eliminating phase shift
uncertainties corresponding to cgdeable phase shifts from

Fraunhofer Ex 2018-17
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the phase difference;

determining and averaged frequency offset by averaging the
determined frequency offset of the plurality of cafriers;

and

performing a feedback correction of the frequency deviation
based on the averaged frequdncy offset.

In accordance with a fourth aspect, the present invention
.. provides a method of perforlning a fine frequency synchro-
nization compensating for a ¢arrier frequency deviation from
an oscillator frequency in| a multi-carrier demodulation
system of the type capable ¢©f carrying out a differential

phase decoding of multi-cayrier modulated signals, the

=
s
e

signals comprising a plurality of symbols, each symbol being

defined by phase differences |between simultaneous carriers

e

having different frequencies the method comprising the

steps of:

"iim n
u

for a plurality of carriers in {the symbols:

:§

determining ,respective phasg¢s of the same carrier in

different symbols;

eliminating phase shift uncertainties corresponding to

codeable phase shifts from| said phases to determine

respective phase deviations; anhd

determining a frequency offset by determining a phase
difference between the phase dgviations;
determining an averaged frequency offset by averaging the
determined frequency offsets of the plurality of carriers;
and
performing a feedback correction df the fregquency deviation

"based on the averaged frequency offiset.
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In accordance with a fifthl aspect, the present 1invention
provides an apparatus for| performing a fine frequency
synchronization compensating for a carrier frequency
deviation from an oscillatorn frequency, for a multi-carrier
demodulation system of the jtype capable of carrying out a
differential phase decoding of multi-carrier modulated

signals, the signals comprising a plurality of symbols, each
symbol being defined by phase differences between
simultaneous carriers having different frequencies, the

apparatus comprising:

means for determining a phagse difference between phases of

the same carrier in different symbols;

means for determining a fnequency offset by eliminating
phase shift uncertainties cprresponding to codeable phase

AR L L

shifts from the phase difference; and

i e

means for performing a feedbdck correction of the frequency
deviation based on the determined frequency offset.

In accordance with a sixth pspect, the present invention
provides ‘an apparatus for |(performing a fine frequency
synchronization compensating| for a carrier frequency
deviation from an oscillator frequency, for a multi-carrier
demodulation system of the tyjpe capable of carrying out a
differential phase decoding | of multi-carrier modulated
signals, said signals comprising a plurality of symbols,
each symbol being defined b phase differences between

simultaneous carriers having |different frequencies, the

apparatus comprising:

means for determining respectiveé phases of the same carrier

in different symbols;

means for eliminating phase shift uncertainties

corresponding to codeable phase|shifts from the phases to

Fraunhofer Ex 2018-19
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determine respective phase dev%ations;

means for determining a frequency offset by determining a

phase difference between the phlase deviations; and

means for performing a feedback correction of the fregquency

deviation based on the determined frequency offset.

In accordance with a seventh agpect, the present invention
provides an apparatus for performing a fine. frequency
synchronization compensating for a carrier frequency
deviation from an oscillator frequency, for a multi-carrier
demodulation system of the typg capable of carrying out a
differential phase decoding ¢f multi-carrier modulated
signals, the signals comprising ik plurality of symbols, each
symbol being defined by phase differences between simulta-
neous carriers having different| frequencies, the apparatus

comprising:

means for determining a phase difference between phases of
bols;

the same carrier in different s

means for determining a frequency offset by eliminating

phase shift uncertainties corresponding to codeable phase

shifts from the phase difference;

means for determining an averaged frequency offset by
averaging determined frequency offsets of a plurality of

carriers; and

means for performing a feedback correction of the frequency
deviation based on the averaged freguency offset.

In accordance with an eighth aspect, the present invention
provides an apparatus for performing a fine frequency
synchronization compensating for a carrier freguency
deviation from an oscillator frequenty, for a multi-carrier
demodulation system of the type capgble of carrying out a

Fraunhofer Ex 2018-20
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differential phase decoding| of multi-carrier modulated
signals, the signals comprising a plurality of symbols, each
symbol being defined by phase| differences between simulta-
‘neous carriers having different frequencies, the apparatus

comprising:

means for determining respective phases of the same carrier

in different symbols;

means for eliminating phase shift uncertainties
corresponding to codeable phasé shifts from the phases to

determine respective phase devigtions;

means for determining a frequehcy offset by determining a

phase difference between the phalse deviations;

means for determining an avefraged frequency offset by

% averaging determined frequency |offsets of a plurality of

Lo

gy

carriers; and

i

means for performing a feedback porrection of the frequency

deviation based on the averaged firequency offset.

The present invention relates to| methods and apparatus for

performing a fine frequency synchronization compensating for

a carrier frequency deviation frop an oscillator fregquency.
This fine frequency synchronizatidn is preferably performed
after completion of a coarse frequency synchronization, such
that the frequency offsets after the coarse frequency
half the sub-carrier

synchronization are smaller tha
distance in the MCM. signal. Sinde the frequency offsets
which are to be corrected by the linventive fine frequency
synchronization methods and apparatus, a correction of the
frequency offsets by using a phase rotation with
differential decoding and de-mappingl in the time axis can be
used. The frequency offsets are detected by determining the
frequency differences between time \contiguous sub-carrier

symbols along the time axis. Th frequency error |is
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calculated by measuring thé rotation of the I-Q cartesian
coordinates of each sub-carrier and, in preferred embodi-
ments, averaging them ove all n sub-carriers of a MCM

symbol.

Firstly, the phase ambiguity lor uncertainty is eliminated by
using a M-PSK decision deviceé and correlating the output of
the decision device with the} input signal for a respective
‘sub-carrier symbol. Thus, the|phase offset for a sub-carrier
symbol is determined and can|be used for restructuring the
frequency error in form of a feed-backward structure.
Alternatively, the phase offsets of the sub-carrier symbols
of one MCM symbol can be avgraged over all of the active

is used to restructure the freguency error.

carriers of a MCM symbol, wheF:in the averaged phase offset
In accordance with the presenti invention, the determination
of the frequency offset is | performed 1in the frequency
domain. The feedback correctlion in accordance with the
inventive fine frequency synchrnonization is performed in the
time domain. To this end, a dififferential decoder in the time
domain is provided in order to detect frequency offsets of
sub-carriers on the basis of the phases of timely successive

sub-carrier symbols of different MCM symbols.

BRIEF DESCRIPTION OF THE DRAWINGS

bodiments of the present

etail on the basis of the

In the following, preferred
invention will be explained in

drawings enclosed, in which:

Figure 1 shows a schematic overjview of a MCM transmission
system to which the resent application can be

applied;

Figures 2A and 2B show schematic views representing a scheme

for differential mapping in the time axis and a
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. scheme for diff&rential mapping in the frequency

axis;

Figure 3 shows a functiondl block diagram for performing a
differential mapging in the fregquency axis;

Figure 4 shows a representation of time variation of all

sub-carriers in ﬂCM symbols;

Figure 5 shows a QPSK-congtellation for each sub-carrier

with a frequency pffset;

Figure 6 shows a general jblock diagram illustrating the
position of the inventive fine frequency

synchronization device in a MCM receiver;

Figure 7 shows a block diagram of the fine frequency error

detector shown -in|{Figure 6;

Ry

o
Hi

Figure 8 shows a block |diagram of a MCM receiver
comprising a coarse frequency synchronization
unit and a fine friequency synchronization unit;

ji
bt

Figure 9 shows a block diagram of a unit for performing a
coarse frequency synchronization;

Figure 10 shows a schematic view of a reference symbol used
for performing a poarse frequency synchroniza-

tion;

Figure 11 shows a schematic vyiew of a typical MCM signal

having a frame strudture;

Figure 12 shows scatter diagrams of the output of an
differential de-mapper of a MCM receiver for
illustrating the effqct of an echo phase offset

correction;
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Figure 13 shows a schematic block diagram for illustrating

the position and the functionality of an echo

phase offset correction unit;

Figure 14 shows a schematic block diagram of a preferred
form of an echo phase offset correction device;

and

Figure 15 shows schematic views for illustrating a
projection performed| by another echo phase offset

correction algorithmi

DETAILED DESCRIPTION OF THE EMBODIMENTS

Before discussing the present ilnvention in detail, the mode
of operation of a MCM transmission system 1is described

referring to figure 1.

Referring to Figure 1, at 100ja MCM transmitter is shown
that substantially corresponds|to a prior art MCM trans-
mitter. A description of such| a MCM transmitter can be
found, for example, in William Y. Zou, Yiyan Wu, "COFDM: AN
OVERVIEW", IEEE Transactions on| Broadcasting, vol. 41, No.
1, March 1995.

A data source 102 provides a serial bitstream 104 to the MCM
transmitter. The incoming serial bitstream 104 is applied to
a bit-carrier mapper 106 whic produces a sequence of
spectra 108 from the incoming |{serial bitstream 104. An

inverse fast Fourier transform (IFFT) 110 is performed on

the sequence of spectra 108 in order to produce a MCM time
domain signal 112. The MCM time| domain signal forms the
useful MCM symbol of the MCM| time signal. To avoid
intersymbol interference (ISI) caused by multipath
distortion, a unit 114 is provided for inserting a guard
interval of fixed length between {adjacent MCM symbols in

time. In accordance with a preferred embodiment of the
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ast part of the useful MCM symbol is

present invention, the
used as the guard interjval by placing same in front of the
useful symbol. The resulting MCM stbol is shown at 115 in
Figure 1 and corresponds to a MCM symbol 160 depicted in

Figure 11.

Figure 11 shows the construction of a typical MCM signal
having a frame étructure One frame of the MCM time signal
is composed of a plurality of MCM symbols 160. Each MCM
symbol 160 is formed by lan useful symbol 162 and a guard
interval 164 associated therewith. As shown in~Figure 11,
each frame comprises one yreference symbol 166. The present
invention can advantageously be used with such a MCM signal,
however, such a signal stiructure being not necessary for
performing the present invention as long as the transmitted
signal comprises a useful pértion and at least one reference

symbol.

In order to obtain the finallframe structure shown in Figure
11, a unit 116 for adding a \reference symbol for each pre-

determined number of MCM symbpls is provided.

In accordance with the present invention, the reference
symbol is an amplitude modulated bit sequence. Thus, an

amplitude modulation of a bi sequence 1is performed such

that the envelope of the amplliitude modulated bit sequence
defines a reference pattern o the reference symbol. This
reference pattern defined by the envelope of the amplitude
modulated bit sequence has to bel detected when receiving the
MCM signal at a MCM receiver. In a preferred embodiment of
the present invention, a pseudo \random bit sequence having
good autocorrelation properties ils used as the bit sequence

that is amplitude modulated.

The choice of length and repetition rate of the reference
symbol depends on the properties)| of the channel through
which the MCM signal is transmitted,\ e.g. the coherence time
of the channel. In addition, the =Repetition rate and the
Fraunhofer Ex 2018-25
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length of the reference |symbol, in other words the number of
useful symbols 1in eac frame, depends on the receiver
requirements concerning \mean time for 1initial synchroniza-
tion and mean time for riesynchronization after synchroniza-

tion loss due to a channel fade.

The resulting MCM signal |having the structure shown at 118
in Figure 1 is applied to the transmitter front end 120.
Roughly speaking, at the transmitter front end 120, a
digital/analog conversion| and an up—converting\of the MCM

signal is performed. hereaftér, the MCM signal is

transmitted through a chanhel 122.

Following, the mode of opéeration of a MCM receiver 130 is
to Figure 1. The MCM signal is

ront end 132. In the receiver

shortly described referrin
received at the receiver
front end 132, the MCM
furthermore, an analog/didital conversion of the down-

signal 1is down-converted and,

converted signal is performe

The down-converted MCM signal is provided to a symbol
frame/carrier frequency synchronization unit 134.
bol frame/carrier frequency

o perform a frame synchroni-

A first object of the s
synchronization unit 134 is
zation on the basis of the lamplitude-modulated reference
symbol. This frame synchronization is performed on the basis
of a correlation between the anmplitude-demodulated reference

symbol an a predetermined reference pattern stored in the
MCM receiver.

A second object of the symbol firame/carrier frequency syn-
coarse fregquency synchron-
o this end, the symbol

chronization unit is to perform
ization of the MCM signal.
frame/carrier frequency synchronization unit 134 serves as a
coarse frequency synchronization\ unit for determining a
coarse frequency offset of the carrier frequence caused, for
example, by a difference of the \frequencies between the
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local oscillator of the transmitter and the local oscillator
of the receiver. The determined frequency is used 1in order
to perform a coarse |frequency correction. The mode of
operation of the coarse frequency synchronization unit is
described in detail referring to Figures 9 and 10 herein-

after.

As described above, the frame synchronization unit 134

determines the locationL?f the reference symbol in the MCM
rmination of the frame synchroniza-

symbol. Based on the det
tion wunit 134, a reference symbol extracting unit 136
extracts the framing inférmation, i.e. the reference symbol,
from the MCM symbol comihg from the receiver front end 132.
e reference symbol, the MCM signal

After the extraction of
is applied to a guard inftierval removal unit 138. The result
of the signal processing performed hereherto in the MCM

receiver are the useful MGM symbols.

output from the guard interval
ided to a fast Fourier transform

The useful MCM symbols
removal unit 138 are pro
unit 140 in order to provide a sequence of spectra from the
useful symbols. Thereafter, the sequence of spectra is
provided to a carrier-bit |mapper 142 in which the serial
bitstream is recovered. This serial bitstream is provided to

a data sink 144.

Next, referring to Figures 2A and 2B, two modes for
differential mapping are described. In Figure 2A, a first
method of differential mapping along the time axis is shown.
As can be seen from Figure 2A, a MCM symbol consists of K
sub-carriers. The sub-carriers comprise different
frequencies and are, in a preferred embodiment, equally
spaced 1in the frequency éxis direction. When using
differential mapping along the time axis, one or more bits
are encoded into phase and/or \amplitude shifts between two
sub-carriers of the same cent frequency in adjacent MCM
symbols.'The arrows depicted between the sub-carrier symbols

correspond to information encoded in amplitude and/or phase
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A
shifts between two sub-carrier symbols.

A second method of dilffferential mapping is shown 1in Figure
2B. The present invention is adapted for MCM transmission
system using the mappling scheme shown in Figure 2B. This

mapping scheme is based on a differential mapping inside one

MCM symbol along the friequency axis. A number of MCM symbols
200 is shown in Figure| 2B. Each MCM symbol 200 comprises a

number of sub-carrier mbols 202. The arrows 204 in Figure

2B illustrate information encoded between two sub—carrier

symbols 202. As can e seén from the arrows 204, this

mapping scheme is based lon a differential mapping within one

MCM symbeol along the freguency axis direction.

In the embodiment shown {in Figure 2B, the first sub-carrier

(k=0) in an MCM symbol} 200 is used as a reference sub-
carrier 206 (shaded) such that information 1is encoded

between the reference ub-carrier ‘and the first active

carrier 208. The other ihformation of a MCM symbol 200 is
encoded between active carriers, respectively.

Thus, for every MCM symbol an absolute phase reference
exists. In accordance with Figure 2B, this .absolute phase
reference 1is supplied by reference symbol inserted into
every MCM symbol (k=0). The\reference symbol can either have

a constant phase for all MCM symbols or a phase that varies
from MCM symbol to MCM s
obtained by replicating the

of the MCM symbol preceding i

becl. A varying phase can be
hase from the last subcarrier

time.

In Figure 3 a preferred mbodiment of a device for

performing a differential mapping alon§ the frequency axis

is shown. Referring to Figure 3, assembly of MCM symbols in
the frequency domain using dififerential mapping along the
frequency axis according to \the present invention is

described.

Figure 3 shows the assembly of\ one MCM symbol with the
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following parameters:

Nppr designates the numbeﬂ of complex coefficients of the

discrete Fourier transform, number of subcarriers
respectively.
K designates the number of active carriers. The reference

carrier is not included| in the count for K.
According to Figure 3, a |quadrature phase shift keying
(QPSK) is used for mapping {the bitstream onto the complex
symbols. However, other M-arxry mapping schemes (MPSK) 1like
2-PSK, 8-PSK, 16-QAM, 16-APS 64-APSK etc. are possible.

4

Furthermore, for ease of fililtering and minimization of

aliasing effects some subcarriers are not used for encoding

i

"
" s}..:.,

information in the device shown in Figure 3. These sub-
carriers, which are set to zéro, constitute the so-called

guard bands on the upper and llower edges of the MCM signal

[

spectrun.

At the 1input of the mapping \device shown in Figure 3,
complex signal pairs bO[k], bl{K] of an input bitstream are
are assembled in order to

received. K complex signal pair
form one MCM symbol. The signal
differential phase shifts phi[k] \needed for assembly of one
MCM symbol. In this embodiment, mapping from Bits to the O,
90, 180 and 270 degrees phase shifits is performed using Gray

airs are encoded into the K

Mapping in a quadrature phase shift keying device 220.
Gray mapping is used to prevent that differential detection
phase errors smaller than 135 degrees cause double bit

errors at the receiver.

phases is performed in
a differential phase encoder 222. t this stage of pro-
cessing, the K phases phi[k] generated by the QPSK Gray
mapper are differentially encoded. In\principal, a feedback

Differential phase encoding of the
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loop 224 calculates cunmulative sum over all K phases. As
starting point for the first computation (k = 0) the phase
of the reference canrier 226 1is used. A switch 228 is
provided in order to |provide either the absolute phase of
the reference subcarrier 226 or the phase information
encoded onto the preceding (i.e. z~ 1, where z~1 denotes the
unit delay operator) subcarrier to a summing point 230. At
the output of the diffdrential phase encoder 222, the phase
information theta[k] with which the respective subcarriers
are to be encoded is provided. In preferred embodiments of
the present invention, the subcarriers of a MCM‘symbol are

equally spaced in the frkquency axis direction.

The output of the differential phase encoder 222 is
connected to a unit 232} for generating complex subcarrier
symbols using the phase linformation theta(k]. To this end,
the K differentially encodled phases are converted to complex

symbols by multiplication!{with

factor * ej*[z*pi*(theta{k] + PHI) ] (Eq.1)
wherein factor designates scale factor and PHI designates
an additional angle. The bkcale factor and the additional
angle PHI are optional. By choosing PHI = 45° a rotated

DQPSK signal constellation dan be obtained.

Finally, assembly of a MGM symbol is effected in an
assembling unit 234. One MCM symbol comprising Nppp sub-
carriers is assembled from Npgp-K-1 guard band symbols which
are "zero'", one reference sybcarrier symbol and K DQPSK
subcarrier symbols. Thus, the\ assembled MCM symbol 200 is
composed of K complex values containing the encoded
information, two guard bands \at both sides of the Ngpp
complex values and a reference subcarrier symbol.

The MCM symbol has been assembled in the frequency domain.
For transformation into the time \domain an inverse discrete

Fourier transform (IDFT) of the \output of the assembling
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unit 234 is performed by a transformator 236. In preferred

embodiments of the present invention, the transformator 236

is adapted to perform a flast Fourier transform (FFT).

Further processing of the MCM signal in the transmitter as
well as in the receiver is as described above referring to

Figure 1.

At the receiver a de-mappihg device 142 (Figure 1) is needed
to reverse the operations| of the mapping device described
above referring to Figur 3. The implementation of the
demapping device is straightforward and, therefore, need not

be described herein in detalil.

The differential mapping allong the frequency axis direction
is suitable for multi-carriier (OFCM) digital broadcasting

over rapidly changing multli path channels. In accordance
with this mapping scheme, there is no need for a channel

stationarity exceeding one | multi-carrier symbol. However,
differential mapping into | frequency axis direction may
create a new problem. In |multi path environments, path

echoes succeeding or precediing the main path can lead to

systematic phase offsets between sub-carriers in the same
MCM symbol. Thus, it wil be preferred to provide a
correction unit in order to| eliminate such phase offsets.
Because the channel induced phase offsets between
differential demodulated symbpls are systematic errors, they
can be corrected by an alg¢e¢rithm. In principle, such an
algorithm must calculate the lecho induced phase offset from
the signal space constellatipn following the differential

demodulation and subsequently |correct this phase offset.

Examples for such echo phade correction algorithms are
described at the end of thi specification referring to

Figures 12 to 15.

Next, the fine frequency synchnronization in accordance with

the present invention will be dfscribed referring to Figures
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4 to 8. As mentioned abovel, the fine frequency synchroniza-
tion in accordance with the present invention is performed
after completion of the ¢oarse frequency synchronization.
Preferred embodiments of |the coarse frequency synchroni-
zation which can be performed by the symbol frame/carrier
frequency synchronization unit 134 are described hereinafter
referring to Figures 9 anF 10 after having described the
fine frequency synchronization in accordance with the

present invention.

With the fine frequencf sylnchronization in accordance with
the present invention fredquency offsets which are smaller
than half the sub-carrier @distance can be corrected. Since
the frequency offsets are le and equal for all sub-carriers
the problem of fine frequency synchronization is reduced to
sub-carrier level. Figure ¥ is a schematical view of MCM
symbols 200 in the time-frequency plane. Each MCM symbol 200
consists of 432 sub-carrier symbols C; to C,,. The MCM
symbols are arranged along| the time axis, the first MCM
symbol 200 shown in Figure |4 having associated therewith a
time T,;, the next MCM symbofl having associated therewith a
time T, and so on. In accordance with a preferred embodiment
of the present invention, thé fine frequency synchronization
is based on a phase rotation| which is derived from the same
sub-carrier of two MCM symbbls which are adjacent in the
le ¢,/T, and C,/T,.

time axis direction, for exa

In the following, the present invention is described

referring to QPSK mapping ({dPSK = Quadrature Phase Shift
Keying). However, it is obvious that the present invention
can be applied té any MPSK mapping, wherein M designates the
number of phase states used fo}r encoding, for example 2, 4,

8, 16 ....

Figure 5 represents a complex \coordinate system showing a
QPSK constellation for each ub-carrier with frequency
positions of a first MCM

t 300. Changing from the

offset. The four possible phas
symbol, MCM-symbol-1 are shown
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sub-carrier (sub-carri n) of this MCM symbol to the same
sub-carrier of the next MCM symbol, MCM-symbol-2, . the
poéition in the QPSK constellation will be unchanged in case -
there 1is no frequency }\offset. If a frequency offset is
present, which is smaller than half the distance between
sub-carriers, as mentioned above, this frequency offset
causes a phase rotatién of the QPSK constellation of
MCM-symbol-2 compared with MCM-symbol-1. The new QPSK
constellation, that is tHe four possible phase positions for
the subject sub-carrier ¢f MCM-symbol-2 are shown at 302 in
Figure 5. This phase rotation 6 can be derived from the

following equation:

C" (kTw) — efM&m:TscarCn ((k _ l)ir:wcm*)

6 =27f s Toscrs (Eq.2)

C, designates the QPSK constellation of a sub-carrier n in a
s MCM syﬁbol. n is an index] running from 1 to the number of
active sub-carriers in the|MCM symbol. Information regarding
the frequency offset is cohtained in the term  g/*Ywaw  of
equation 2. This frequengy offset is identical for all
sub-carriers. Therefore, the phase rotation 6 is identical

well. Thus, averaging overall

for all sub-carriers as
sub-carrier of a MCM symbol |{can be performed.

am of a MCM receiver in which
implemented. An analog/digital

in order to perform an

Figure 6 shows a block dia
the présent invention is
converter 310 is provide
analog/digital conversion f a down-converted signal
received at the receiver friont end 132 (Figure 1). The
output of the analog/digital converter 310 is applied to a
low path filter and decimator unit 312. The low path filter
is an impulse forming filte which is identical to an
impulse forming filter in tHe MCM transmitter. 1In the
decimator, the signal 1is sampled at the MCM symbol
frequency. As described above referring to Figure 1, guard
intervals in the MCM signal are removed by a guard interval
removal unit 132. Guard intervalg are inserted between two
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MCM symbols in the MCM\transmitter in order to avoid inter-

symbol interference cauged by channel memory.

The output of the guard linterval removal unit 132 is applied

to a MCM demodulator 14 which corresponds to the fast
Fourier transformator 14p shown in Figure 1. Following the
MCM demodulator 314 a dilffferential decoding unit 316 and a
demapping unit 318 ar provided. In the differential
decoding unit 316, phase information is recovered using
differential decoding. In the demapping unit 318, demapping
along the frequency axis |direction is performed in order to
reconstruct a binary sighal from the complex signal inpuﬁ

into the demapping unit 318.

The output of the MCM demodulator 314 is also applied to
fine frequency error detegtor 320. The fine frequency error
detector 320 produces an| frequency error signal from the
output of the MCM demodulator. In the depicted embodiment,
the output of the fine requency error detector 320 is
applied to a numerical controlled oscillator 322 via a loop
filter 324. The loop filteér 324 is a low path filter for
filtering superimposed intHerference portions of a higher
frequency from the slowly varying error signal. The
numerical controlled oscillator 322 produces a carrier
e filtered error signal. The

by the numerical controlled

signal on the basis of
carrier signal produced
oscillator 322 is used for frequency correction which is
performed by making use of |a complex multiplier 326. The
inputs to the complex multipllier 326 are the output of the
low path filter and decimatorjunit 312 and the output of the

numerical controlled oscillatar 322.

A description of a preferred embodiment of the fine

frequency error detector 320 it given hereinafter referring

to Figure 7.
The fine frequency error etector 320 comprises a
differential detector in the time axis 330. The output of
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the MCM demodulator ;}4, i.e. the FFT output (FFT = Fast
Fourier Transform) iis applied +to the input of the
differential detector | 330 which performs a differential
detection in the time axis in order to derive information on
a frequency offset from the same sub-carrier of two
subsequently arriving KMCM symbols. In the embodiment shown
in Figure 7, the number| of active sub-carriers is 432. Thus,
the differential detectpr 330 performs a correlation between
the first and the 433rd sample. The first sample is
associated with MCM-symbol-1 (Figure 5), whereas the 433rd
sample is associated wifth MCM-symbol-2 (Figure 55. However,

both these samples are gssociated with the same sub-carrier.

To this end, the input |signal Y, is applied to a z '-block
332 and thereafter to la unit 334 in order to form the
complex conjugate of the output of the =z '-block 332. A

complex multiplier 336 ik provided in order to multiply the
output of the unit 334 by the input signal Y,. The output of
the multiplier 336 is a signal Z,.

The function of the differential detector 330 can be
expressed as follows:

Z, =Y, Y

k k+K k (Eq-3)

Y=[x.5...5..] (Eq.4)
Eq.5

Y =[C,/T,,C, I T;,....Co, 1 T,,C, I Ty ] (Fq-5)

Y, designates the output of| the MCM modulator 314, i.e. the
input to the differential |detector 330, at a time k. 2,

‘designates the output of the differential detector 330. K

designates the number of actjve carriers.

The output 2z, of the differential detector 330 contains a
M-fold uncertainty corresponding to codeable phase shifts.
In case of the QPSK this M-ifold uncertainty is a 4-fold
uncertainty, i.e. 0°, 90°, 18Q° and 270°. This phase shift
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unceftainty is eliminatied from 2, making use of a M-PSK
decision device 340. Sugdh decision devices are known in the
art and, therefore, have not to be described here in detail.
The output of the decigion device 340 (gk)* represents the
complex conjugate of the codeable phase shift decided by the
decision device 340. This output of the decision device 340
is correlated with the putput of the differential detector

330 by performing a | complex multiplication wusing a

multiplier 342.

The output the ﬁultiplier 342 represents the phase offset

for the respective sub-carriers. This phase offsets for the

respective sub-carriers are averaged over one MCM symbol in
an averaging unit 344 | in accordance with a preferred
embodiment of the presgnt invention. The output of the
averaging units 344 represent the output of the fine

frequency error detector B20.

The mathematical description for this procedure is as

follows:

X Y 4
Jopst =5 o A8 L Z, '[an
(Eg.6)

In accordance with prefenxred embodiments of the present
control loop has a backward

shown in Figure 6, the feedback

invention, the frequency
structure. In the embodimen
loop is connected between the output of the MCM demodulator
314 and the input of the guard interval removal unit 132.

In Figure 8, a block diagram| of a MCM receiver comprising a
coarse frequency correction \unit 350 and a fine frequency
correction unit as described| above 1is shown. As shown in
Figure 8, a common complex nultiplier 326 can be used in
order to perform the coarse \frequency correction and the
fine frequency correction. shown in Figure 8, the
multiplier 326 can be provided

and decimator unit 312. Depending on the position of the
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multiplier 326, a hold unit has to be provided in the fine
frequency synchronizatigon feedback loop. In an alternative

embodiment, it 1is possible to use two separate multipliers

for the coarse frequepcy correction and for the fine
frequency correction. In|such a case, the multiplier for the
coarse ffequency correction will be arranged preceding the
low path filter and decimator unit, whereas the multiplier
for the fine frequency cqgrrection will be arranged following

the low path filter and decimator unit.

Following, preferred embddiments for implementing a coarse
frequency synchronization will be described referring to

Figures 9 and 10.

As it is shown in Figure 9, the output of the receiver front
end 132 is connected to ar analog/digital converter 310. The
down-converted MCM signall is sampled at the output of the

analog/digital converter 310 and is applied to a frame/ti-
ming synchronization unit |360. In a preferred embodiment, a

fast running automatic galin control (AGC) (not shown) is

provided preceding the frame/timing synchronization unit in
order to eliminate fast chHannel fluctuations. The fast AGC
is used in addition to the| normally slow AGC in the signal
path, in the case of transmission over a multipath channel
with long channel impulse Yyesponse and frequency selective
fading. The fast AGC adjuste the average amplitude range of
the signal to the known average amplitude of the reference

symbol.

As described above, the frame/timing synchronization unit
uses the amplitude-modulated |sequence in the received signal
in order to extract the framing information from the MCM
signal and further to remove {the guard intervals therefrom.
After the frame/timing synchrqnization unit 360 it follows a
coarse frequency synchronization unit 362 which estimates a
on the amplitude-modulated
1 of the MCM signal. In the

coarse frequency synchronizatjon unit 362, a frequency

coarse frequency offset base

sequence of the reference sym
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offset of the

oscillator frequency in

carrier

oder to perform a freq
364.
formed by a complex mult

This frequency off;

fregquency with the
the MCM receiver 1is determined in

- 25

respect to
jency offset correction in a block
set correction in block 364 is per-

iplication.

The output of the frequency offset correction block 364 is
the MCM demodulator 366 formed by the Fast
40 and the carrier-bit mapper 142

applied to
Fourier Transformator 1
shown in Figure 1.

In order to perform the coarse frequency synchronization

described herein, an |amplitude-demodulation has to be
performed on a preprocessed MCM signal. The preprocessing
may be, for examplel, the down~-conversion and the

analog/digital conversion of the MCM signal. The result of
the amplitude-demodulation of the preprocessed MCM signal is

an envelope representing|the amplitude of the MCM signal.

For the amplitude demodullation a simple alphapgy+ betapin-
method can be used. This {method is described for example in
A.: DSP-mP Routine Computes Magnitude, EDN,
October 26, 1989; w. T., J.:
Magnitude Approximations for Microprocessor Implementation,
IEEE Micro, Vol. 3, No. 5,|0October 1983.

Palachels

and Adans, and Bradley,

It is clear that amplitude determining methods different
from the described alphap,y+ betapjn- method can be used.
For simplification, it is ﬁossible to reduce the amplitude
calculation to to the
anplitude is above or below the average amplitude.
output signal then consists of a ~-1/+1 sequence which can be
used to determine a coarse frequency offset by performing a
This correlation| can easily be performed using

current
The

a detection as whether

correlation.
a simple integrated circuit (IC).

an oversampling of the signal received at the
the received

In addition,

RF front end can be performed, For example,
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vith two times oversampling.

signal can be expressed

In accordance with a first embodiment, a carrier frequency
offset of the MCM signal |from an oscillator frequency in the
MCM receiver 1is determiined by correlating the envelope
obtained by performin the amplitude-demodulation as

described above with a predetermined reference pattern.

In case there is no frequency offset, the received reference
symbol r(k) will be:

r(k) = S,(K) + n(k) (Eq.7)

wherein n(k) designates {additive Gaussian noise" and §,,
denotes the AM sequence which has been sent. In order to
simplify the calculation the additive Gaussian noise can be
neglected. It follows: '

P(k) = S 0, (k) (Eq.8)

In case a constant frequephcy offset Af is present, the

received signal will be:

i

F(k) =S g (k) 72" Tucn (Eq.9)
Information regarding the frnequency offset is derived from
the correlation of the received signal ‘F(k)"wigh the aM

sequence S,, which is known in the receiver:

L

L
P 2
2 (k) S (k) = EISAM (o) &7 Tucs (EqQ.10)
Thus, the fregquency offset is:
L L
1 2 2
A [ — 3 k . _ 2
f 2”TMCM f ;I‘( ) SAM(k) arg ;[SAJW(I‘){ (Eq.ll)

Since the argument of |[S,,(k)|2 is zero the frequency offset
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is:

Ry

] 2
Af = ———arg ZF(I{)'
k=1

27T (Eq.12)

In accordance with a |second embodiment of the coarse fre-
quency synchronizatidn algorithm, a reference symbol

comprising at least twp identical sequences 370 as shown in

Figure 10 is used. Figure 10 shows the reference symbol of a
MCM signal having two identical sequences 370 of a length of
L/2 each. L designate the number of values of the two

sequences 370 of the refierence symbol.

As shown in Figure 1¢, within the amplitude-modulated
sequence, there are at léast two identical sections devoted
to the coarse frequency sgsynchronization. Two such sections,
each containing L/2 samples, are shown at the end of the

amplitude-modulated sequence in Figure 10. The amplitude-

a large number of samples. For a
f the phase, only enough samples
of 27 should be used. This num-

modulated sequence contain
non-ambiguous observation
to contain a phase rotatio
ber is defined as L/2 in Figure 10.

Following, a mathematical dekrivation of the determination of
a carrier frequency deviatidn is presented. In accordance
with Figure 10, the followin

identical sequences 370:

L
{O(kﬁé-)ss(-2—<kSL)

If no frequency offset is preseént, the following equation 14

will be met by the received si

equation applies for the two

(Eq.13)

L

Eqg.
r(k+—§-)zr(k) 0<k$E‘ (Eq.14)

r(k) designates the values of the identical sequences. k is

an index from one to L/2 for the \respective samples.

Fraunhofer Ex 2(518—40
Sirids XM v Fraunhofer, |PR2018-00681



i - 28 -

’

If there is a frequency offset of, for example, Af, the

received signal is:

(k) = r(k)- e’ Tuen (Eq.15)

.L [ 2 S -+E
F(k—f-;):r(k)-ej "Af(* 2)7}\ AL (Eq.16)

T(x) designates sample yvalues of the received portion which
are based on the identical sequences. Information regarding
the frequency offset is |{derived from the correlation of the
received signal T(k+L/2) |with the received signal T(k). This

correlation is given by the following equation:

1~
1|~

~ L ~ 2 —AZW‘ETACAI
]r (k-l—;)r(k):kz:]:lr(k)[ [4 { 2 (Eq-l?)

k=

T* designates the complex \conjugate of the sample values of

the portion mentioned above.

Thus, the frequency offset lis

L
I . 2 L
Af=—L“ar Z?(k*—-)?‘(k) ———*1 arg
2T, k=t & L

2 “Mem 2”5 MCM

MNI(*

o~ 2
) (Eq.18)

b
il

Since the argument of |[T(k)|2 equals zero, the frequency

offset becomes

L

z L
Af = —f ar ZF(I( +—) -Fr k)

e 2 | (Eq.19)
Thus, it is clear that in both| embodiments, described above,
the frequency position of the maximum of the resulting out-
put of the correlation determines the estimated value of the
offset carrier. Furthermore, a% it is also shown in Figure

9, the correction is performed in a feed forward structure.
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In case of a channel with strong reflections, for example
due to a high building density, the correlations described
above might be insufficient for obtaining a suitable coarse
frequency synchronization.! Therefore, in accordance with a
third embodiment of the |present invention, corresponding
values of the two portions which are correlated in
accordance with a second embodiment, can be weigﬁting with
corresponding values of | stored predetermined reference
patterns corresponding to}said two identical sequences of
the reference symbol. This weighting can maximize the
probability of correctly determining the frequency offset.

The mathematical description of this weighting is as

follows:
ol oD o i)

278 =T pons k=1

2

(Egq.20)

S,y designates the amplitude-modulated sequence which is
known 1in the receiver, and S*AM designates the complex

conjugate thereof.

If the above correlations are calculated in the frequency
domain, the amount of

i

2 LY . ) . L

Z[?’(k"‘?)"‘ (k):l'['snu(k)s,(u(k*'?)] (Eg.21)
k=1 .

is used rather than the argument. This amount is maximized
as a function of a frequency correction. The position of the
maximum determines the estimation of the frequency devia-

tion. As mentioned above, the correction is performed in a

feed forward structure.

Preferred embodiments for performing an echo phase offset
correction when using a differential mapping in the
frequency axis will be described hereinafter referring to

Figures 12 to 15.

Systematic phase shifts stemming from echoes in multipath
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environments may occury between subcarriers in the same MCM
symbol. This phase ffsets can <cause bit errors when
demodulating the MCM gymbol at the receiver. Thus, it is

preferred to make u of an algorithm to correct the

systematic phase shiftls stemming from echoes in multipath

environments.

In Figure 12, scatter diagrams at the output of a diffe-

rential demapper of a MCM receiver are shown. As can be seen
from the left part of
between subcarriers in the same MCM symbol cause a rotation
of the demodulated phase Ilshifts with respect to the axis of
the complex coordinate system. In the right part of Figure
12, the demodulated phasel shifts after having performed an
echo phase offset corréction are depicted. Now, the
positions of the signal points are substantially on the axis
ystem. These positions correspond

igure 12, systematic phase shifts

of the complex coordinate
to the modulated phase shifts of 0°, 90°, 180° and 270°,

respectively.

An echo phase offset corredtion algorithm (EPOC algorithm)
must calculate the echo indu¢ed phase offset from the signal

space constellation followinh the differential demodulation

and subsequently correct thig phase offset.

For illustration purposes, ne may think of the simplest

algorithm possible which eliminates the symbol phase before
computing the mean of all phases of the subcarriers. To
illustrate the effect of suc
is made to the two scatter diagrams of subcarriers symbols

in Figure 12. This scatter

an EPOC algorithm, reference

contained in one MCM symbol
diagrams have been obtained as| result of an MCM simulation.
For the simulation a channe has been used which might
typically show up in single frequency networks. The echoes
of this channel stretched to jthe 1limits of the MCM guard
interval. The guard interval was chosen to be 25% of the MCM

symbol duration in this case.
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Figure 13 represents ;\block diagram for illustrating the
position and the functionality of an echo phase offset
correction device in a {MCM receiver. The signal of a MCM
transmitter is transmittted through the channel 122 (Figures
1 and 13) and received at the receiver frontend 132 of the
MCM receiver. The signajl processing between the receiver
frontend and the fast urier transformator 140 has been
omitted in Figure 13. {The output of the fast Fourier
transformator is applied to the de-mapper, which performs a
differential de-mapping allong the frequency axis. The output
of the de-mapper are the| respective phase shifts for the
subcarriers. The phase offsets of this phase shifts which
are caused by echoes in multipath environments are
visualized by a block 40 in Figure 13 which shows an
example of a. scatter diagram of the subcarrier symbols

without an echo phase offseti correction.

The output of the de-mapper {142 is applied to the input of
an echo phase offset correctlion device 402. The echo phase
offset correction device 402 uses an EPOC algorithm in order
to eliminate echo phase offJ;ts in the output of the de-
mapper 142. The reéult is shJVn in block 404 of Figure 13,
i.e. only the encoded phase shifts, 0°, 90°, 180° or 270°
are present at the output of the correction device 402. The
output of the correction devicel\ 402 forms the signal for the
metric calculation which is performed in order to recover

the bitstream representing the transmitted information.

A first embodiment of an EPOC algorithm and a device for

performing same is now described referring to Figure 14.

The first embodiment of an EPOC algorithm starts from the
assumption that every received| differentially decoded
complex symbol is rotated by an angle due to echoes in the
multipath channel. For ~the subcarriers equai spacing in
frequency 1is assumed since this |represents a preferred
embodiment. If the subcarriers were not equally spaced in
frequency, a correction factor would have to be introduced
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. R
into the EPOC algorithm.

Figure 14 shows the correction device 402 (Figure 13) for
performing the first embodiment of an EPOC algorithm.

From the output of the \de-mapper 142 which contains an echo
phase offset as shown for example in the left part of Figure
12, the phase shifts relhted to transmitted information must
first be discarded. To this end, the output of the de-mapper
142 is applied to a discarding unit 500. In case of a DQPSK
mapping, the discarding upit can perform a "(.)4"woperation.
The unit 500 projects alll received symbols into the first
quadrant. Therefore, the phase shifts related to transmitted
information is eliminated |from the phase shifts representing
the subcarrier symbols. he same effect could be reached

with a modulo-4 operation.

Having eliminated the information related symbol phases in
unit 500, the first approach to obtain an estimation would
be to simply compute the mean value over all symbol phases
of one MCM symbol. Howeverl it 1is preferred to perform a
threshold decision before determining the mean value over
all symbol phases of one MCM symbol. Due to Rayleigh fading
some of the received symbls may contribute unreliable
information to the determination of the echo phase offset.
Therefore, depending on the absolute value of a symbol, a
threshold decision 1is performed in order to determine

whether the symbol should contiribute to the estimate of the

prhase offset or not.

Thus, in the embodiment shown\ in Figure 14, a threshold
decision unit 510 ié included. \Following the unit 500 the
absolute value and the argument lof a differentially decoded
symbol is computed in respective computing units 512 and
514. Depending on the absolute vaiue of a respective symbol,
a control signal is derived. This '‘control signal is compared
with a threshold value in a decﬁsion circuit 516. If the

absolute value, i.e. the control signal thereof, is smaller
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than a certain threshold) the decision circuit 516 replaces
the angle value going ihto the averaging operation by a
his end, a switch is provided in

value equal to zero. To
order to disconnect the utput of the argument computing
unit 514 from the input offi the further processing stage and
connects the input of the| further processing stage with a
unit 518 providing a constant output of "zero®.

An averaging unit 520 is ovided in order to calculate a
mean value based on the phgse offsets Y. determined for the

individual subcarrier symbols of a MCM symbol as follows:
(Eq.22)

In the averaging unit 520, | summation over K summands 1is
performed. The output of the laveraging unit 520 is provided
to a hold unit 522 which holds the output of the averaging
unit 520 K times. The output of the hold unit 522 is
connected with a phase rotatiqn unit 524 which performs the
correction of the phase offskts of the K complex signal
points on the basis of the mea Value:?.

The phase rotation unit 524 pek¥forms the correction of the
phase offsets by making use of tthe following eqguation:

vp! = v - e"IP (Eq.23)
In this equation, vy’ designates the K phase corrected
differentially decoded symbols or 1input into the soft-
metric calculation, whereas vy de ignates the input symbols.
As long as a channel which is qulasi stationary during the
duration of one MCM symbols can bg assumed, using the mean
value over all subcarriers of one} MCM symbol will provide

correct results.

A buffer unit 527 may be provided \in order to buffer the
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complex signal points luntil the mean value of the phase
offsets for one MCM symbol is determined. The output of the
phase rotation unit 524\{is applied to the further processing
stage 526 for performing the soft-metric calculation.

With respect to the results of the above echo phase offset
correction, reference is| made again to Figure 12. The two
plots stem from a simglation which 1included the first
embodiment of an echo hase offset correction algorithm
describéd above. At thel instant. of the scatter diagram
snapshot shown in the 1left part of Figure 12, the channel
obviously distorted the cgnstellation in such a way, that a
simple angle rotation is al valid assumption. As shown in the
right part of Figure 12, | the signal constellation can be
rotated back to the axis |by applying the determined mean
value for the rotation lof the differentially detected
symbols.

A second embodiment of an echo phase offset correction
algorithm is described herelinafter. This second embodiment
can be preferably used in connection with multipath channels
that have up to two strong path echoes. The algorithm of the
second embodiment is more complex than the algorithm of the

first embodiment.

What follows 1is a mathemati¢al derivation of the second
embodiment of a method for ech$ phase offset correction. The
following assumptions can be | made in order to ease the

explanation of the second embodiiment of an EPOC algorithm.

In this embodiment, the guard interval of the MCM signal is
assumed to be at least as long as the impulse response h[qg],

q=0,1, ..., Qh-1 of the multipath channel.

At the transmitter every MCM symbol 1is assembled using

frequency axis mapping explained \above. The symbol of the
reference subcarrier equals 1, i.e. 0 degree phase shift.
The optional phase shift PHI equals zero, 1i.e. the DQPSK
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signal constellation is nét rotated.

Using an equation this car be expressed as

ag =a,_a/” (Eq.24)

with

k : index k = 1,2}...,K of the active subcarrier;

i Em

G =e? : complex phasel increment symbol; m=0,1,2,3 is
the QPSK symbdl number which 1is derived from
Gray encoding pairs of 2 Bits;

ag = 1 : symbol of the reference subcarrier.

At the DFT output of the receivVer the decision variables

ey = ayxHy (Egq.25)
are obtained with
Rl e
H, = > hfi]-e % (Eq.26)

i=0
being the DFT of the channel \impulse response h[g] at

position k.
With |ag|2 = 1 the differential dempdulation yields

v, =€ e =aHH, (Eq.27)
For the receiver an additional phase term‘fk is introduced,
which shall be used to correct the systematic phase offset
caused by the channel. Therefore, the final decision
variable at the receiver is

. . ~ *
v;{ = vy - eIPx = a}:;nc cedPk Ly - Hyx —1 (Eq.28)

As can be seen from the Equation 28, the useful information

Fraunhofer Ex 2018-48
Sirius XM v Fraunhofer, IPR2018-00681



akinc is weighted with\the product efﬁ“Hk'H*k_l (rotation
and effective transfer function of the channel). This
product must be real-valued for an error free detection.
Considering this, it is best to choose the rotation angle to
equal +the negative argument of Hk‘H*k—l' Tc derive the
desired algorithm for | 2-path channels, the nature of

Hk'H*k-l is investigated %n the next section.

It is assumed that the 2-path channel exhibits two echoes
with energy content unequal zero, i.e. at least two dominant

echoes. This assumption y'eids the impulse response

h{q]: c,Bo[q]+0250[q—qo] , (Eg.29)

with

Cq1,Cop complex coefficiﬁfts representing the path echoes;’

delay of the second path echo with respect to the

do
first path echo;

O
]
.

Dirac pulse; §,(k]

to Equation 29:

JEL ~iirka
HKZH(CK)ZC"FCZ'C K
(Eq.30)

With Equation 30 the effective transfer function for

differential demodulation along the frequency axis is:

2n 2n
- -1 ka, . +j—(k-1
Hk 'Hk-l = [C, +ce K ] '(Cl +c;e K¢ )“0\

s Eq.31
=c, +c, cos(qu(Zk—l)) (Eq )

Assuming a noise free 2-path channel, it can be observed
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_37_
from Equation 31 that thel symbols on the receiver side are
located on a straight line in case the symbol 1+j0 has been

send (see above assumptipn). This straight 1line can be

characterized by a point
, _pom .

c,=,c,f +,c2l ‘e g (Eq.32)

and the vector

X
C, =2cc,-e K* . \ (Eq.33)

which determines its directibn.

With the above assumptions, the following Ggeometric
derivation can be performed) A more suitable notation for
the geometric derivation of the second embodiment of an EPOC
algorithm is obtained if the \real part of the complex plane
is designated as x = Re{z}, the imaginary part as y = Im{z},
respectively, i.e. 2z = x+jy.| With this new notation, the
straight 1line, on which the |received symbols will lie in

case of a noise-free two-path ¢hannel, is

f(x) = a + b'x (Eq.34)
with
_ I{e{c }
azlm{ca}—Re{Cb} Im{cb} (Eq. 35)
and
Im{ca } - —::T{E:—% . Im{cb}
b=
Re{c }— Im{c } Re{cb} ) (EqQ.36)

imfe,}

Additional noise will spread the symbols around the straight

line given by Equations 34 to 36. \In this case Equation 36
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is the regression curve||for the cluster of symbols.

For the geometric derivation of the second embodiment of an
EPOC algorithm, the angle ?& from Equation 28 is chosen to
be a function of the |square distance of the considered

symbol from the origin:

t.F

x = fx(lz]?) (EQ.37)

Equation 37 shows tha the complete signal space is
distorted (torsion), however, with the distances from the
origin being preserved.
For the derivation of the algorithm of the second embodi-
ment, fg(-) has to be determined such that all decision
variables v’y (assuming no noise) will come to lie on the

real axis:

Im_{(x + jf(x)) . e’-f"{'z’z)} =

(Eq.38)

Further transformations of {Equation 38 lead to a guadratic
equation which has to be sodlved to obtain the solution for

In case of a two—-path channel, the echo phase offset

vk = vk - e3% (Eg.39)
with
V az
— atan, 2
2 2 2 1+b
0, =1 -ab+\/lv, (1+b -a (Eq.40)
) .
akw:b 1+ b2
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From the two possible sé\utions of the quadratic equation
mentioned above, Equation 40 is the one solution that cannot

cause an additional phase shift of 180 degrees.

The two plots in Figure 15 show the projection of the EPOC
algorithm of the second enmbodiment for one quadrant of the
complex plane. Depicted hegre is the quadratic grid in the
sector |arg(z)| < m/4 and the straight line y = f(x) = a+b-x
with a = -1.0 and b = 0}5 (dotted 1line). In case of a
noise-free channel, all received symbols will lie on this
straight 1line if 1+j0 was| send. The circle shown in the
plots determines the boarder 1line for the two cases of
Equation 40. In the left parxt, Figure 15 shows the situation
before the projedtion, in the right part, Figure 15 shows
the situation after applying the projection algorithm. By
loocking on the 1left part, ne can see, that the straight
line now lies on the real axlis with 2+j0 being the fix point
of the projection. Thereforeg, it can be concluded that the

echo phase offset correctign algorithm according to the

second embodiment fulfills the design goal.

Before the second embodimentd of an EPOC algorithm can be

applied, the approximation line through the received symbols
has to be determined, i.e. the parameters a and b must be
is assumed that the received

estimated. For this purpose, ift
symbols lie in sector |arg(z)| < w/4, if 1+jO was sent. If
symbols other than 1+j0 have
can be applied to project all symbols into the desired

prevents the necessity of

een sent, a modulo operation

sector. Proceeding 1like this
deciding on the symbols in n early stage and enables
averaging over all signal points of one MCM symbol (instead
of averaging over only % of all signal points).

For the following computation rule for the EPOC algorithm of
the second embodiment, x; is used| to denote the real part of
the i-th signal point and y; \for 1its imaginary part,
respectively (i = 1, 2,..., K). Altogethér, K values are

available for the determination. By choosing the method of
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least squares, the straight line which has to be determined

can be obtained by minimlizing

K
(a,b):argmfnZ(yi —(54-'5-)(i (Eq.41)

@) =

literature. It is

b=-"% —, a=y-X-b (Eq.42)
EE(Xr—X)
i=1
with mean wvalues
1 & 1 &
X=X, V=2 |
i=1! =i (qu43)

If necessary, an estimation|method with higher robustness
can be applied. However, the trade-off will be a much higher
computational complexity. .
To avoid problems with the range in which the projection is
applicable, the determination ¢f the straight line should be
separated into two parts. Firgt, the cluster’s centers of
gravity are moved onto the axes|, following, the signal space
is distorted. Assuming that la and b are the original
parameters of the straight lineland a is the rotation angle,

fK(.) has to be applied with the transformed parameters

. b-cos(a) —sin(at)
" cos(a) +b-sin(a)”’

"-sin(o))

a' =a-(cos(a) -
(Eq.44)

Besides the two EPOC algorithms| explained above section,
different algorithms can be desligned that will, however,
most likely exhibit a higher \degree of computational

complexity.
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Claims

A method of performing é fihe frequenby synchronization
compensating for a carrier |[frequency deviation from an
oscillator freguency in a| multi-carrier demodulation
system (130) of the type |(capable of carrying out a
differential phase decoding| of multi-carrier modulated
signals, said signals comprilsing a plurality of symbols
(200), each symbol being d4fined by phase differences
between simultaneous carridrs (202) having different
frequencies, said method comi;ising the steps of:

determining a phase differdnce between phases of the

same carrier in different symbols;

determining a frequency eliminating phase
shift uncertainties corrdspohding to codeable phase

shifts from said phase di and

performing a feedback cofrection of said —carrier

frequency deviation based onh said determined frequency

offset.

A method of performing a fine frequency synchronization
compensating for a carrier jfrequency deviation from an
oscillator frequency in a| multi-carrier demodulation
system (130) of the type |capable of carrying out a
differential phase decoding of multi-carrier modulated
signals, said signals comprifising a plurality of symbols
(200), each symbol being defined by phase differences
between simultaneous carriers (202) having different
frequencies, said method co?prising the steps of:

determining respective phdse of the same carrier  in

different symbols;

eliminating phase shift urrertainties corresponding to
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offset.

differential phase decoding

codeable phase shifts froﬁ said phases to determine

respective phase deviations;

determining a frequency offilset by determining a phase

difference between said phasé deviations;

performing a feedback cojxrection of said <carrier
frequency deviation based on said determined frequency

A method of performing a fing frequency synchronization

compensating for a carrier fjrequency deviation from an
multi—-carrier demodulation

oscillator frequency in a
system (130) of the type

dapable of carrying out a
bf multi-carrier modulated
signals, said signals compy
(200), each symbol being ¥ iﬂ‘d by phase differences
between simultaneous cargd (202) having different
frequencies, said method coppriging the steps of:

for a plurality of carriers (202) in said symbols (200):
determining a phase diffeyence between phases of the

same carrier in different g$ymbols; and

determining a frequency dffset by eliminating phase
shift uncertainties corregponding to codeable phase

shifts from said phase difference;

determining an averaged frequency offset (f_..) by
averaging said determined |[frequency offsets of said

plurality of carriers (202);|and

performing a feedback corfrection of said frequency

deviation based on said Javeraged frequency offset

( foffset) *

A method of performing a finr frequency synchronization
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A

compensating for a carrier |frequency deviation from an
oscillator frequency in a| multi-carrier demodulation
system (130) of the type [capable of carrying out a
differential phase decoding of multi-carrier modulated
signals, said signals compygising a plurality of symbols
(200), each symbol being fHefined by phase differences
between simultaneous carrfiers (202) having different

frequencies, said method c¢mprising the steps of:
for a plurality of carrierg (202) in said symbols (200):

determining respective phases of the same carrier in

different symbols;

eliminating phase shift Juncertainties corresponding to
codeable phase shifts fxom said phases to determine

respective phase devia s; a

determining a frequency|offset by determining a phase

difference between said |[phase deviations;

determining an averaged {frequency offset by averaging
said determined frequency] offsets of said plurality of

carriers; and

performing a feedback forrection of said frequency

deviation based on said ajveraged fregquency offset.

The method according to glaims 1 or 3, wherein said step
of determining a phase djifference comprises the step of
determining a phase difiference between phases of the
same carrier (202) in symbols (200) which are adjacent

in the time axis directién.

The method aCcording to ¢laims 1 or 3, wherein said step
of determining a frequengy offset comprises the step of

eliminating phase shift! uncertainties corresponding to

M-ary phase shifts.
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7. The method according to clajms 2 or 4, wherein said step
of determining respective pghases comprises the step of
determining respective phasges of the same carrier (202)
in symbols (200) which ard adjacent in the time axis

direction.

8. The method according to clajims 2 or 4, wherein said step
of eliminating phase shify uncertainties comprises the

step of eliminating M-ary ghase shifts.

/?( An apparatus for perfforming a . fine frequency
synchronization compensatijng for a carrier frequency
deviation from an osciillator frequency, for a
multi-carrier demodulation system (130) of the type

ifferential phase decoding of

said signals comprising

capable of carrying out a

multi-carrier modulated s

H4
a plurality of symbols , each symbol being defined
by phase differences betwefn simultaneous carriers (202)

having different frequencips, said apparatus comprising:

I

o
in

A
- 0"

means (330) for determinihg a phase difference between
phases of the same carriTr (202) 'in different symbols

(200);

3
3

means'(340, 342) for detegrmining a frequency offset by
" eliminating phase shift yncertainties corresponding to

codeable phase shifts fron said phase difference; and

means for performing a |feedback correction "of said

frequency deviation based| on said determined fregquency

offset.

%{. An apparatus for perfforming a fine frequency
synchronization compensatjng for a carrier frequency
deviation from an osdillator frequency, for a

multi-carrier demodulation system (130) of the " type
capable of carrying out a Tifferential phase decoding of
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multi-carrier modulated signgls, said signals comprising
a plurality of symbols (200)]} each symbol being defined
by phase differences between jsimultaneous carriers (202)

having different frequencies, said apparatus comprising:

nmeans for determining respgctive phases of the same

carrier in different symbols]
means for eliminating phase shift uncertainties
corresponding to codeable phase shifts from said phases

to determine respective phase deviations;

means for determining a frequiency offset by determining

¥

Ve Mot

a phase difference between sajd phase deviations;

means for performing a ég;:;/’correction of said

frequency deviation based on{ said determined frequency
offset.

i} Iﬁ:::g

Wossar Yanete Wonrr el

i
b

H

i3

. An apparatus for perforping a fine frequency
synchronization compensating| for a carrier frequency

deviation from an oscillator frequency, for a
3 multi-carrier demodulation pgystem (130) of the type
capable of carrying out a dierrential phase decoding of

multi-carrier modulated signgls, said signals comprising
a plurality of symbols (200)|, each symbol being defined
by phase differences between{simultaneous carriers (202)

having different frequencies| said apparatus comprising:

means (330) for determining] a phase difference between
phases of the same carrier (202) in different symbols;

means (340, 342) for deternmining a frequency offset by
eliminating phase shift ungertainties corresponding to
codeable phase shifts from said phase difference;

means (344) for determining jan averaged fregquency offset
(f¢ser) by averaging determEned frequency offsets of a
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plurality of carriers; and \

means for performing a fepdback correction of said
frequency deviation based ¢n said averaged frequency

offset.

12. An apparatus for perfoyming a fine frequency
synchronization compensating for a carrier frequency
deviation from an osciljlator frequency, for a
multi-carrier demodulation |[system (130) of the type
capable of carrying out a differential phase decoding of
multi-carrier modulated signgls, said signals comprising
a plurality of symbols (200}), each symbol (200) being
defined by phase differehces between simultaneous

carriers (202) having different requencies, said
apparatus comprising: ‘
neans for determining respPs\tive phases of the same
carrier in different symbols}

means for eliminating phase shift uncertainties

corresponding to codeable pHase shifts from said phases

= to determine respective phasp deviations;

means for determining a fredquency offset by determining

a phase difference between id phase deviations;

means for determining an ajveraged frequency offset by
. averaging determined freqguerlcy offsets of a plurality of

carriers; and

means for performing a fpedback correction of said
frequency deviation based |on said averaged frequency

offset.

13. The apparatus according to laims 9 or 11, wherein said
means (330) for determining|a phase difference comprises
means for determining a phgse difference between phases
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of the same carrier in symbolks which are adjacent in the

time axis direction.

14. The apparatus according to cllaims 10 or 12, wherein said
means for determining respective phases comprises means
for determining respective phases of the same carrier in

symbols which are adjacent ir the time axis direction.

15. The apparatus according to claims 9 or 11, wherein said
means (340, 342) for determining a frequency offset

comprises a M-ary phase shfift keying decision device

(340) and a complex multipli

16. The apparatus according to claims 10 or 12, wherein said
means for eliminating phase shift uncertainties
comprises a M-ary phase shift|keying decision device and

a complex multiplier.

17. The apparatus éccording to |one of claims 9 to 16,
wherein said means for perforlming a feedback correction
of said frequency deviatioh comprises a numerical
controlled oscillator (322) jand a complex multiplier
(326).

L

18. The apparatus according to claim 17, wherein said means
for performing a feedback codrection of said frequency
deviation further comprises la low path filter (324)
preceding said numerical contrblled oscillator (322).
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METHOD AND APPARATUS FOR FINE FREQUENCY SYNCHRONIZATION IN
MULTI-CARRIER DEMODULATION SYSTEMS

ABSTRACT

A method and an apparatus rela é to a fine frequency
synchronization compensating fér a carrier frequency
deviation from an oscillator fafequency in a multi-carrier
demodulation system 130 of thé€ type capable of carrying out
a differential phase decoding of multi-carrier modulated
signals, the signals'comprising a plurality of symbols 200,
each symbol being defjned by phase differences between
ifferent frequencies. A
the same carrier 202 in

Thereafter, a frequency

phase difference between phases o
different symbols 200 is determ&ne
offset is determrh e 1m1nat1ng phase shift

uncertainties corjijiﬁy ing to codeable phase shifts from

simultaneous carriers 4202 havingéj

A

the phase difference./Finally, a feedback correction of the
carrier frequency “deviation 1is performed based on the
determined _ frequency offset. Alternatively, an averaged
frequency goffset can be determined by averaging determined

frequené%/ﬁffsets of a plurality of carriers 202. Then, the
feedback/ correction of the frequency deviation is performed

g e
i

el ki s,

U,

based ©6n the averaged frequency offset.

/
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41001 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: : %@ [ A Q
Ernst Eberlein et al. | Group Art Unit: (JL%
Serial No.: Not Assigned Examiner: }J{V\H |
Filed: Herewith - .

For: Method and Apparatus for Fine Frequency
Synchronization in Multi-Carrier Demodulation
Systems

PRELIMINARY AMENDMENT

Assistant Commissioner for Patents
Washington, D.C. 20231

Sir:

This Preliminary Amendment is being filed concurrently with the U.S. national
stage entry under 35 U.S.C. § 371 of International Application No. PCT/EP98/02184,

which has an International Filing Date of April 14, 1998. Prior to examination and

calculation of the filing fees, please amend the national stage application as follows:

IN THE SPECIFICATION:
Please delete the current specification comprising pages 1-40 and 48 (as amended in
. the International Preliminary Examination Report dated July 19, 2000) and replace it with

the accompanying substitute specification.

IN THE CLAIMS:
Please cancel claims 1-18 annexed to the International Preliminary Examination

Report dated July 19, 2000, and substitute the following new claims 19-34:

7{. A method of performing a fine frequency synchronization compensating for a
carrier frequency deviation from an oscillator frequency in a multi-carrier

demodulation system of the type capable of carrying out a differential phase

\P}}&( Fraunhofer Ex 2018-64
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decoding of multi-carrier modulated signals, said ‘signals comprising a plurality of

symbols, each symbol being defined by phase differences between simultaneous

carriers having different frequencies, said method comprising the steps of:

a) determining a phase difference between phases of the same carrier in
different symbols;
b) determining a frequency offset by eliminating phase shift uncertainties

related to the transmitted information from said phase difference making use

of a M-PSK decision device; and

o) performing a feedback correction of said carrier frequency deviation based

on said determined frequency offset.

A method of performing a fine frequency synchronization compensating for a
carrier frequency deviation from an oscillator frequency in a multi-carrier
demodulation system of the type capable of carrying out a differential phase
decoding of multi-carrier modulated signals, said signals comprising a plurality of
symbols, each symbol being defined 'by phase differences between simultaneous

carriers having different frequencies, said method comprising the steps of:
a) determining respective phase of the same carrier in different symbols;

b) - eliminating phase shift uncertainties related to the transmitted information
from said phases to determine respective phase deviations making use of a M-

PSK decision device;

) determining a frequency offset by determining a phase difference between

said phase deviations; and

d) performing a feedback correction of said carrier frequency deviation based

on said determined frequency offset.
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24,

25.

The method according to claim 19, wherein
said steps a) and b) are performed for a plurality of carriers in said symbols,

an averaged frequency offset is determined by averaging said determined frequency

offsets of said plurality of carriers, and

said feedback correction of said frequency deviation is performed based on said

averaged frequency offset in said step c).
The method according to claim 20, wherein
said steps a), b) and c) are performed for a plurality of carriers in said symbols,

an éveraged frequency offset is determined by averaging said determined frequency

offsets of said plurality of carriers, and

said feedback correction of said frequency deviation is performed based on said

averaged frequency offset.

The method according to claim 19, wherein said step a) comprises the step of
determining a phase difference between phases of the same carrier in symbols which

-are adjacent in the time axis direction.

The method according to claim 19, wherein said step b) comprises the step of

eliminating phase shift uncertainties corresponding to M-ary phase shifts.

The method according to claim 20, wherein said step a) comprises the step of

‘determining respective phases of the same carrier in symbols which are adjacent in

the time axis direction.
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The method according to claim 20, wherein said step b) comprises the step of

eliminating M-ary phase shifts.

An apparatus for performing a fine frequency synchronization compensating for a
carrier frequency deviation from an oscillator frequency, for a multi-carrier
demodulation system of the type capable of carrying out a differential phase
decoding of multi-carrier modulated signals, said signals comprising a plurality of
symbols, each symbol being defined by phase differences between simultaneous

carriers having different frequencies, said apparatus comprising:

means for determining a phase difference between phases of the same carrier in

different symbols;

M-PSK decision device for determining a frequency offset by eliminating phase shift

-uncertainties related to the transmitted information from said phase difference; and

means for performing a feedback correction of said frequency deviation based on

said determined frequency offset.

An apparatus for performing a fine frequency synchronization compensating for a
carrier frequency deviation from an oscillator frequency, for a multi-carrier
demodulation system of the type capable of carrying out a differential phase
decoding of multi-carrier modulated signals, said signals comprising a plurality of
symbols, each symbol being defined by phase differences between simultaneous

carriers having different frequencies, said apparatus comprising;:
means for determining respective phases of the same carrier in different symbols;

M-PSK decision device for eliminating phase shift uncertainties related to the

transmitted information from said phases to determine respective phase deviations;
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31.

32.

means. for determining a frequency offset by determining a phase difference

between said phase deviations;

means for performing a feedback correction of said frequency deviation based on -

said determined frequency offset.
The appé.ratus according to claim 27, further comprising:

means for determining an averaged frequency offset by averaging determined

frequency offsets of a plurality of carriers, wherein

said means for performing a feedback correction performs said feedback correction

of said frequency deviation based on said averaged frequency offset.
The apparatus according to claim 28, further comprising;:

means for determining an averaged frequency offset by averaging determined

frequency offsets of a plurality of carriers, wherein

said means for performing a feedback correction performs said feedback correction

of said frequency deviation based on said averaged frequency offset.

The apparatus according to claim 27, wherein.said means for determining a phase
difference comprises means for determining a phase difference between phases of

the same carrier in symbols which are adjacent in the time axis direction.

The apparatus according to claim 28, wherein said means for determining respective
phases comprises means for determining respective phases of the same carrier in

symbols which are adjacent in the time axis direction.
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33.  The apparatus according to claim 27, wherein said means for performing a feedback

correction of said frequency deviation comprises a numerical controlled oscillator

and a complex multiplier.

34.  The apparatus according to claim 33, wherein said means for performing a feedback

correction of said frequency deviation further comprises a low path filter preceding

said numerical controlled oscillator.

|.
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| REMARKS

By the present Preliminary Amendment, claims 1-18 annexed to the International
Preliminary Examination Report dated July 19, 2000 are being cancelled and replaced with
new claims 19-34. In the new claims, multiple dependencies and parenthetical reference
numerals have been eliminated.

A substitute specification is being submitted to faciiitate processing of this application.
A marked-up copy of the substitute specification is also being provided to show the new
changes which are beyond those previously made during the international stage. The
substitute specification contains no new matter.

Early and favorable action on this application is respectfully requested. Should the

Examiner have any questions, the Examiner is invited to contact the undersigned attorney at

the local telephone number listed below.
Respectfully submitted,

ol E1rleer

John E. Holmes
Attorney for Applicant
Reg. No. 29,392

Roylance, Abrams, Berdo & Goodman
1300 19* Street, N.W., Suite 600
Washington, D.C. 20036-2680

(202) 659-9076

Dated: Dbd(o-za /J: 2000
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[ A petition has been filed for this unsigned inventor

Given Name (first and middle [if any])

Family Name or Sumame

inventor’s

Signature Date
Residence: City State Country Citizenshlip
Post Office Address

Post Office Address

City State ZiP Country

Burden Hour Statement: This form is estimated to take 0.4 hours to complete. Time will vary depending upon the needs of the individual case. Any
comments on the amount of time D{gou are required 1o complete this form should be sent to the Chist Information Officer, Patent and Trademark

Office, Washington, DC 20231.
l Patents, Washington, DC 20231.
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Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1895, no persons are required to respond to a collection of information unless it contains
a valid OMB control number.

Attorney Docket Number | 41001 \
DECLARATION FOR UTILITY OR )
DESIGN First Named Inventor Emst Eberlein
PATENT APPLICATION COMPLETE IF KNOWN
(37 CFR 1.63) Application Number /
Filing Date
¥ Declaration Declaration

Submitted OR Submitted after Initial | Group Art Unit

with Initial Filing (surcharge

Filing (37 CFR 1.16 (e)) Examiner Name J

required)

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 the criginal, 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 entitled:
Method and Apparatus for Fine Frequency Synchronization in Multi-Carrier Demodulation

Systems

the specification of which (Title of the Invention)
is attached hereto
OR
was filed on (MM/DD/YYYY} I 04/14/98 I as United States Application Number ot PCT International
Application Number [PCT/EP98/02184 | and was amended on (MM/DD/YYYY) | | (it applicable).

| hereby state that | have reviewed and understand the contents of the above identified specification, including the claims, as
amended by any amendment specifically referred to above.

1 acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR 1.56.

I hereby claim foreign priority benefits under 35 U.S.C. 119(a)-(d) or 365(b) of any foreign application(s) for patent or inventor’s
certificate, or 365(a) of any PCT international application which designated at least one country other than the United States of
America, listed below and have also identified below, by checking the box, any foreign application for patent or inventer's certificate,
or of any PCT international application having a filing date before that of the application on which priority is claimed.

Prior Fereign Application Foreign Filing Date Priority Certified Copy Attached?
Number(s) Country (MM/DDIYYYY) Not Claimed YES NO
O 1
(I 1
O O O
| = O

ID Additional foreign application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hereio:

| hereby claim the benefit under 35 U.S.C. 119{e) of any United States provisional application{s) listed below.
Application Number(s) Filing Date (MM/DD/YYYY)

[] Additional provisional application
numbers are listed on a
supplemental priority data sheet
PTO/SB/02B attached hereto.
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Burden Hour Statement: This form is estimated to taks 0.4 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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; @ der the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a

ADDITIONAL INVENTOR(S)
Supplemental Sheet
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Namé of Additional Joint Inventor, if any: [ A petition has been filed for this unsigned inventor
Given Name (first and middle [if any]) Family Name or Sumame
\\ Albert Heuberger
e, T
‘% Inventor's W-W 11/21/00
[ 3 Signature " Date
m\q \
" | _Residence: City w /’\\\\%}A\ State Country Germany Citizenship German
Post Office Address Hausaeckerweg 18
Post Office Address
City Erlangen State zip |D-91056 Country | GETMany
Name of Additional Joint Inventor, if any: [] A petition has been filed for this unsigned inventor
Given Name (first and middie [if any}) Family Name or Surname
Heinz j /) Gerhaeuser
2 ’m—-__"-‘hvn.
i’ ; 3
Inventor's 7 /é/ /f/
Signature / gm ) Date 11/21/00
fentoli A ;
. ; rman
Residence: City Waischenfeld if Sta - Country Germany Citizenshi Germa
Post Office Address | Saugendorf 17
Post Office Address
city Waischenfeld | State zip | D-91344 Country | GErmany
Name of Additional Joint Inventor, if any: l [] A pstition has been filed for this unsigned inventor
Given Name (first and middle [if any]) Family Name or Surname
inventor’s
Signature Date
Residence: City State Country Citizenship
Post Office Address
Post Office Address
City State zIP Country

Burden Hour Statement: This form is estimated to take 0.4 hours to complete. Time wilt vary depending upon the needs of the individual case. Any

comments on the amount of time you are required to complete this form shouid 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
l Patents, Washington, DC 20231.
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. W ADDITIONAL INVENTOR(S
Wi s L 7 DECLARATION Supg:lemgentafl Szheel( )
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ame of Additional Joint Inventor, if any:

[1 A petition has been filed for this unsigned inventor

Given Name (first and middie {if any])

Family Name or Sumame

Sabah Badri

g‘i;flz:z:: 5 ' f; LA ?é-——‘ Date 11/22/(D

Residence: City E"@gﬁﬂw&x state Country Germany Citizenship Moroccan
v |

Post Office Address Sebaldusstrasse 8

Post Office Address

City " {Erlangen State zp |D-91058 Country | Germany

Name of Additional Joint Inventor, if any:

D A petition has been filed for this unsigned inventor

Given Name (first and middle [if any})

Famidy Name or Surname

Stefan Lipp
S RIR NN e [1/22/00
T
) Residence: City Q@_ggn @N\X State Country Germany Citizenship German
"‘E Post Office Address | Steinweg 9 a )
Post Office Address
City Erlangen l State 2p | D-91058 Country | Germany

Name of Additional Joint Inventor, if any: I

D A petition has been filed for this unsigned inventor

Given Name (first and middle [if any})

Family Name or Sumame

han 1Buehholz—
| et N
Q Residence: City Mﬁﬁ\g\ State Country Germany Citizenship German
s*\\ Post Office Address | Kerschlacher Strasse 8
Post Office Address
City Muenchen State zp | DP-81447 Country Germany

Burden Hour Statement: This form is estimated to take 0.4 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 fo the Chief information Officer, Pateni 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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Please type a plus sign {+) inside this box —* Approved for use through 8/30/60. OMB 0851-0032
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1895, no persons are required to respond to a coliection of information unless it contains

a valid OMB control number.

DECLARATION — Utility or Design Patent Application

| hereby claim the benefit under 35 U.S.C. 120 of any United States application(s), or 365(c) of any PCT international application designating the
United States of America, listed below and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior
United States or PCT International application in the manner provided by the first paragraph of 35 U.S.C. 112, | acknowledge the duty to disclose
information which is material to patentability as defined in 37 CFR 1.56 which became available between the filing date of the prior application
and the national or PCT internationat fifing date of this application.

U.S. Parent Application or PCT Parent Parent Filing Date Parent Patent Number
Number (MM/DD/YYYY) {if applicable)}

Additional U.S. or PCT internationa! application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hersto.

As a named inventor, | hereby appoint the following registered practitioner(s) to prosecute this application and to transact all business in the Patent

L
ld Additional registered Erackitioner‘sz named on suee!ementat Registered Practitioner information sheet PTO/SB/02C attached hereto.

jand Trademark Office connected therewith: ] cystomer Numbe:‘ } > Place Customer
OR Number Bar Code
[ Registered practitioner(s) name/registration number listed below Labelhore
Registration Registration
Name ___Number __ Name Number_
David S. Abrams J22576 Stacey J. Longanecker 4 32,0520
Robert H. Berdo 19,415 Joseoh J Buczvnski 135084
Alfred N. Goodman |Z6A88 Wayne C. Jaeschke, Jr. 138,503,
Mark S. Bicks | 28770 Tara Laster Hoffman R-46.510_
John E. Holmes 29,392 .'{Aeﬁrey JﬁH&yﬁL 48402,
it V. i 023 arcus R. Mickne: 144,841
Conce & Jonne %stﬁ"“’ Christian G. Michel 46.300

Direct all correspondence to: 1 Customer Number - d ad bel
or Bar Code Label OR [l Correspondence address below

Name John E. Holmes

Address Roylance, Abrams, Berdo & Goodman. L.L.P.

1300 19th Street, N.W., Suite 600

Address '

City Washington state |~D:C. | zp | 20036

Country USA ITelephone‘ (202)659-8076 Fax | (202)659-9344

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

Name of Sole or First Inventor: Oa petition has been filed for this unsigned inventor

Given Name (first and middle [if anv]) Family Name or Surname

Ernst — Eberlein
lnventor's .
Signature W—’Q——'\ 7 Date 11/ 21/ 08
Residence: City gm&?@ﬁh j s !é Country Germany Citizenship German
Post Office Address Waldstrasse 28 b
Post Office Address
City Grossenseebach | oo 2P D-91091 Country Germany
DAddEiionai inventors are being named on the ____supplemental Additional Inventor(s) sheet{s) PTO/SB/02A attached heretoj
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FORM PTO-1390 US DEPARTMENT OF COMMERCE PATENT AND TRADEMARK OFFICE ATTORNEY'S DOCKET NUMBER

(REV 10-01-00) .
TRANSMITTAL LETTER TO THE UNITED STATES 41001
DESIGNATED/ELECTED OFFICE (DO/EO/US) US. APPLICATION N , R 15)
CONCERNING A FILING UNDER 35 U.S.C. 371 0 9 ]1 é 7?2?W
INTERNATIONAL APPLICATION NO. INTERNATIONAL FILING DATE PRIORITY DATE CLATMED
PCT/EPQ8/02184 14 April 1998
TITLE OF INVENTION

Method and Apparatus for Fine Frequency Synchronization in Multi-Carrier Demodulation Systems
APPLICANT(S) FOR DO/EO/US
Ernst Eberlein, Sabah Badri, Stefan Lipp, Stephan Buchholz, Albert Heuberger, Heinz Gerhasuser

Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information:
1. This is 2 FIRST submission of items concerning a filing under 35 U.S.C. 371.
2 [:I This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371.

3. This express request to begin national examination procedures (35 U.S.C. 371(f)) at any time rather than delay
examination until the expiration of the applicable time limit set in 35 U.S.C. 371(b) and PCT Articles 22 and 39(1).
A proper Demand for International Preliminary Examination was made by the 19th month from the earliest claimed priority date.

A copy of the International Application as filed (35 U.S.C. 371(c)(2))

a. is transmitted herewith (required only if not transmitted by the International Burean).

b. has been transmitted by the International Bureau.

c. D is not required, as the application was filed in the United States Receiving Office (RO/US).

A translation of the International Application into English (35 U.S.C. 371(c)(2)).

Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371(c)(3))
a. D are transmitted herewith (required only if not transmitted by the International Bureau).

b. D have been transmitted by the International Bureau.

c. D have not been made; however, the time limit for making such amendments has NOT expired.
] d. have not been made and will not be made.

] 8 D A translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)).

H ) D An oath or declaration of the inventor(s) (35 U.S.C. 371(c)(4)).

oo
EEO

m

10. L__‘ A translation of the annexes to the International Preliminary Examination Report under PCT Article 36
& i (35 U.S.C. 371(c}5)).

Items 11. to 16. below concern document(s) or information included:
11. ] An Information Disclosure Statement under 37 CFR 1.97 and 1.98.

12. D An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is included.

13. A FIRST preliminary amendment.
D A SECOND or SUBSEQUENT preliminary amendment.

14. A substitute specification.

15. D A change of power of attorney and/or address letter.

16. Other items or information:

(a) Copy of International Application as filed (14 April 1998).

{b) Copy of International Search Report (12 January 1999).

{c) Copy of Published International Application (21 October 1999).

(d) Copy of International Preliminary Examination Report (19 July 2000).
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{1, APPLICATION NO (f known, see 37 CFR 1 5) INTERNATIONAL APPLICATION NO PCT/E E;gé 102184 A’rromgg‘ %SI;ETNMER
17. The following fees are submitted: CALCULATIONS _ PTOUSEONLY
BASIC NATIONAL FEE (37 CFR 1.492 (a) (1)- (5) ) :

Neither international preliminary examination fee (37 CFR 1.482)

nor international search fee (37 CFR 1.445(a)(2)) paid to USPTO

and International Search Report not prepared by the EPOorJPO - -+ - - $1000.00

International preliminary examination fee (37 CFR 1.482) not paid to

USPTO but International Search Report prepared by the EPO or JPO- - - - - .« $860.00

International preliminary examination fee (37 CFR 1.482) not paid to USPTO but

international search fee (37 CFR 1.445(a)(2)) paid to USPTO  .......... $710.00

International preliminary examination fee paid to USPTO (37 CFR 1.482)

but all claims did not satisfy provisions of PCT Article 33(1)~(4). ... . .- .. .. $690.60

International preliminary examination fee paid to USPTO (37 CFR 1.482)

and all claims satisfied provisions of PCT Article 33(1)-(4) .. .............. $100.00

ENTER APPROPRIATE BASIC FEE AMOUNT = S 860.00
Surcharge of $130.00 for furnishing the oath or declaration later than D 20 30 $ 130.00
months from the earliest claimed priority date (37 CFR 1.492(e)). )
CLAIMS NUMBER FILED NUMBER EXTRA RATE

Total claims 16 -20 = 0 X $18.00 $ 0.00

Independent claims 4 -3 = 1 X $80.00 $ 80.00

~=MULTIPLE DEPENDENT CLAIM(S) (if applicable) + $270.00 S 0.00

TOTAL OF ABOVE CALCULATIONS = p) 1,070.00

“Reduction of 1/2 for filing by small entity, if applicable. A Small Entity Statement $ {0.00)

“must also by filed (Note 37 CFR 1.9, 1.27, 1.28).

= SUBTOTAL = 1| § 1,070.00
~Processing fee of $130.00 for furnishing the English translation later than DZO D 30 I s 0.00
|sinonths from the eatliest claimed priority date (37 CFR 1.492(f)). +
_ TOTAL NATIONAL FEE = 1,070.00
F Fee for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be $ 0.00
F accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31). $40.00 per property
TOTAL FEES ENCLOSED =18 1,070.00
Amount to be $
chargad: $
a. ‘ A check in the amount of $_1:070:00 ¢4 cover the above fees is enclosed.
b. D Please charge my Deposit Account No. in the amount of § to cover the above fees.

A duplicate copy of this sheet is enclosed.

c. The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any
overpayment to Deposit Account No. 182220 . A duplicate copy of this sheet is enclosed.

NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a petition to revive (37 CFR
1.137(a) or (b)) must be filed and granted to restore the application to pending status.

SEND ALL CORRESPONDENCE TO: \' Aé 67 M’f

Roylance, Abrams, Berdo & Goodman, L.L.P. SIGNATURE:
1300 19th Street, N.W., Suite 600 John E. Holmes
Washington, DC 20036 NAME
29,392
REGISTRATION NUMBER
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41001 PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of:
Ernst Eberlein et al. Group Art Unit:
Serial No.: Not Assigned Examiner:
Filed: Herewith ;
For: Method and Apparatus for Fine Frequency
Synchronization in Multi-Carrier Demodulation
Systems

PRELIMINARY AMENDMENT

Assistant Commissioner for Patents
Washington, D.C. 20231

Sir:

This Preliminary Amendment is being filed concurrently with the U.S. national
stage entry under 35 U.S.C. § 371 of International Application No. PCT/EP98/02184,
which has an International Filing Date of April 14, 1998. Prior to examination and

calculation of the filing fees, please amend the national stage application as follows:

IN THE SPECIFICATION:

Please delete the current specification comprising pages 1-40 and 48 (as amended in
the International Preliminary Examination Report dated July 19, 2000) and replace it with

the accompanying substitute specification.

IN THE CLAIMS:

Please cancel claims 1-18 annexed to the International Preliminary Examination

Report dated July 19, 2000, and substitute the following new claims 19-34:

19. A method of performing a fine frequency synchronization compensating for a
carrier frequency deviation from an oscillator frequency in a multi-carrier

demodulation system of the type capable of carrying out a differential phase

Fraunhofer Ex 2018-80
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20.

decoding of multi-carrier modulated signals, said signals comprising a plurality of
symbols, each symbol being defined by phase differences between simultaneous

carriers having different frequencies, said method comprising the steps of:

a) determining a phase difference between phases of the same carrier in
different symbols;
b) determining a frequency offset by eliminating phase shift uncertainties

related to the transmitted information from said phase difference making use
of a M-PSK decision device; and

c) performing a feedback correction of said carrier frequency deviation based

on said determined frequency offset.

A method of performing a fine frequency synchronization compensating for a
carrier frequency deviation from an oscillator frequency in a multi-carrier
demodulation system of the type capable of carrying out a differential phase
decoding of multi-carrier modulated signals, said signals comprising a plurality of
symbols, each symbol being defined by phase differences between simultaneous

carriers having different frequencies, said method comprising the steps of:

a) determining respective phase of the same carrier in different symbols;

b) eliminating phase shift uncertainties related to the transmitted information
from said phases to determine respective phase deviations making use of a M-

PSK decision device;

9] determining a frequency offset by determining a phase difference between

said phase deviations; and

d) performing a feedback correction of said carrier frequency deviation based

on said determined frequency offset.
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21.  The method according to claim 19, wherein

said steps a) and b) are performed for a plurality of carriers in said symbols,

an averaged frequency offset is determined by averaging said determined frequency

offsets of said plurality of carriers, and

said feedback correction of said frequency deviation is performed based on said

averaged frequency offset in said step c).

22.  The method according to claim 20, wherein

said steps a), b) and c) are performed for a plurality of carriers in said symbols,

. an averaged frequency offset is determined by averaging said determined frequency

offsets of said plurality of carriers, and

said feedback correction of said frequency deviation is performed based on said

averaged frequency offset.

23.  The method according to claim 19, wherein said step a) comprises the step of
determining a phase difference between phases of the same carrier in symbols which

are adjacent in the time axis direction.

24,  The method according to claim 19, wherein said step b) comprises the step of

eliminating phase shift uncertainties corresponding to M-ary phase shifts.

25.  The method according to claim 20, wherein said step a) comprises the step of
determining respective phases of the same carrier in symbols which are adjacent in

the time axis direction.
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26.  The method according to claim 20, wherein said step b) comprises the step of

eliminating M-ary phase shifts.

27.  An apparatus for performing a fine frequency synchronization compensating for a
carrier frequency deviation from an oscillator frequency, for a multi-carrier
demodulation system of the type capable of carrying out a differential phase
decoding of multi-carrier modulated signals, said signals comprising a plurality of
symbols, each symbol being defined by phase differences between simultaneous

carriers having different frequencies, said apparatus comprising:

means for determining a phase difference between phases of the same carrier in

different symbols;

M-PSK decision device for determining a frequency offset by eliminating phase shift

uncertainties related to the transmitted information from said phase difference; and

means for performing a feedback correction of said frequency deviation based on

said determined frequency offset.

28.  An apparatus for performing a fine frequency synchronization compensating for a
carrier frequency deviation from an oscillator frequency, for a multi-carrier
demodulation system of the type capable of carrying out a differential phase
decoding of multi-carrier modulated signals, said signals comprising a plurality of
symbols, each symbol being defined by phase differences between simultaneous

carriers having different frequencies, said apparatus comprising:
means for determining respective phases of the same carrier in different symbols;

M-PSK decision device for eliminating phase shift uncertainties related to the

transmitted information from said phases to determine respective phase deviations;
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29.

30.

31.

32.

means for determining a frequency offset by determining a phase difference

between said phase deviations;

means for performing a feedback correction of said frequency deviation based on

said determined frequency offset.
The apparatus according to claim 27, further comprising:

means for determining an averaged frequency offset by averaging determined

frequency offsets of a plurality of carriers, wherein

said means for performing a feedback correction performs said feedback correction

of said frequency deviation based on said averaged frequency offset.
The apparatus according to claim 28, further comprising:

means for determining an averaged frequency offset by averaging determined

frequency offsets of a plurality of carriers, wherein

said means for performing a feedback correction performs said feedback correction

of said frequency deviation based on said averaged frequency offset.

The apparatus according to claim 27, wherein said means for determining a phase
difference comprises means for determining a phase difference between phases of

the same carrier in symbols which are adjacent in the time axis direction.

The apparatus according to claim 28, wherein said means for determining respective
phases comprises means for determining respective phases of the same carrier in

symbols which are adjacent in the time axis direction.
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33.  The apparatus according to claim 27, wherein said means for performing a feedback
correction of said frequency deviation comprises a numerical controlled oscillator

and a complex multiplier.

34.  The apparatus according to claim 33, wherein said means for performing a feedback
correction of said frequency deviation further comprises a low path filter preceding

said numerical controlled oscillator.

REMARKS

By the present Preliminary Amendment, claims 1-18 annexed to the International
Preliminary Examination Report dated July 19, 2000 are being cancelled and replaced with
new claims 19-34. In the new claims, multiple dependencies and parenthetical reference
numerals have been eliminated.

A substitute specification is being submitted to facilitate processing of this application.
A marked-up copy of the substitute specification is also being provided to show the new
changes which are beyond those previously made during the international stage. The
substitute specification contains no new matter.

Early and favorable action on this application is respectfully requested. Should the
Examiner have any questions, the Examiner is invited to contact the undersigned attorney at
the local telephone number listed below.

Respectfully submitted,

S ol § o loer

John E. Holmes
Attorney for Applicant
Reg. No. 29,392

Roylance, Abrams, Berdo & Goodman
1300 19* Street, N.W., Suite 600
Washington, D.C. 20036-2680

(202) 659-9076

Dated: Ow‘o& /Ji 2000
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Approved for use through 9/30/00. OMB 0651-0032

X Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains
* a valid OMB control number,

Attorney Docket Number | 41001
DECLARATION FOR UTILITY OR -
DESIGN First Named Inventor Emst Eberlein
PATENT APPLICATION —T._COMPLE TEIE KNOWN
(37 CFR 1.63) Appilication Number /
Filing Date
Declaration Declaration
Submitted  OR Submitted after Initial | Group Art Unit
with Initial Filing {surcharge
Filing (37 CFR 1.16 (e)) Examiner Name
required) J

As a below named inventor, | hereby deciare that:
My residence, post office address, and citizenship are as stated below next to my name.

{ believe | am the 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 entitled:

Method and Apparatus for Fine Frequency Synchronization in Multi-Carrier Demodutation
Systems

the specification of which (Title of the Invention)

is attached hereto
OR

was filed on (MM/DD/YYYY) ] 04/14/98

! as United States Application Number or PCT International

Application Number [ PCT/EP98/02184 | and was amended on (MM/DD/YYYY) | | (it appticable).

| hereby state that | have reviewed and understand the contents of the above identified specification, including the claims, as
amended by any amendment specifically referred to above.

| acknowledge the duty to disclose information which is material fo patentability as defined in 37 CFR 1.56.

| hereby ciaim foreign priority benefits under 35 U.S.C. 118(a)-(d) or 365(b) of any foreign application(s) for patent or inventor’s
certificate, or 365(a} of any PCT international application which designated at least one country other than the United States of
America, listed below and have also identified below, by checking the box, any foreign application for patent or inventor's certiticate,
or of any PCT international application having a filing date before that of the application on which priority is claimed.

Prior Foreign Application Foreign Filing Date Priority Certified Copy Attached?
Number(s) Country (MM/DDIYYYY) Not Claimed YES NO
O (3
O O
a a O
O O O

[ additionat foreign application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hersto:
| hereby claim the benefit under 35 U.S.C. 119(e) of any United States provisional application(s) listed below.
Application Number(s) Filing Date (MM/DD/YYYY)

[T] Additional provisional application
numbers are listed on a
supplemental priority data sheet
PTO/SB/02B attached hereto.

{Page 1 0f 2]
Burden Hour Statement: This form is estimated to teke 0.4 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.

Fraunhofer Ex 2018-86
Sirius XM v Fraunhofer, |PR2018-00681




PTO/SB/OY (12-87)
Please type a plus sign {+) inside this box —* Approved for use through 9/30/60. OMB 0651-0032
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 19395, no persons are required to respond to a collection of information unless it contains
N a valid OMB control number.

DECLARATION — Utility or Design Patent Application

| hereby claim the benefit under 35 U.S.C. 120 of any United States application{s), or 365(c) of any PCT international application designating the
United States of America, listed below and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior
United States or PCT International application in the manner provided by the first paragraph of 35 U.5.C. 112, i acknowledge thé duty to disclose
information which is material to patentability as defired in 37 CFR 1.56 which became available between the filing date of the prior application
and the national or PCT international filing date of this application.

U.S. Parent Application or PCT Parent Parent Filing Date Parent Patent Number
Number {MM/DD/YYYY) (if applicable)

11 Additional U.S. or PCT internationa! application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hersto.
JAS a named inventor, | hereby appoint the foliowing registered practitioner(s) to prosecute this application and to transact all business in the Patent]

and Trademark Office connected therewith: [T cystomer Number L { TS Place Customer
OR Number Bar Code
M Registered practitioner(s) name/registration number listed below —Labelhele
Registration Registration
Name Number Name Number
Dawid S. Abrams 22576 Stacey J. Longanecker 33,952
Robert H. Berdo 19,415 Joseoh J. Buczvnski 35,084
Alfred N. Goodman 26.458 Wayne C. Jaeschke, Jr. 38,503
Marzcd S. Bgncks 28,770 Tara Laster Hofiman P-46.510
John E. Holmes 20,392 Jeffrey J. Howell 48,402
Garrett V. Davis 32,023 Marcus R. Micknt 44,941
32,531 Chiristian C. Michel 46.300
Iﬁ Additional reqgistered Eractitioner‘s) named on sugglemental Regis!ered Practitioner Information sheet PTO/SB/02C attached hereto.
Direct all correspondence to: [] Customer Number OR Correspondence address below
or Bar Code Label

Name John E. Holmes
Address Roylance, Abrams, Berdo & Goodman, L.L.P.
1300 19th Street, N.W., Suite 600
Address
City Washington state | D.C. zip | 20036
Country USA Telephone‘ {202)659-9076 Fax | (202)659-9344

{ hereby declare that all statements made hersin 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 faise statements and the like so made are
punishable by fine or imprisonment, or both, under 18 U.S.C. 1001 and that such willful false statements may jeopardize the validity of the
application or any patent issued thereon.

Name of Sole or First Inventor: [0 A petition has been filed for this unsigned inventor
Given Name (first and middle Jif any]} Family Name or Surname
Emst Eberlein
Inventor's
Signature Date
Residence: Cit Grossenseebach German German
ssidence: City State Country y Cltizenship
Post Office Address Waldstrasse 28 b
Post Office Address
City |Grossenseebach | o0, 2P D-g1091 Country Germany

DAddltiona! inventors are being named on the ____sugglemental Additional lnven!orssz sheet‘s! PTO/SB/02A aitached hereto) |

+ [Page 2 of 2]
. Fraunhofer Ex 2018-87
Sirius XM v Fraunhofer, |PR2018-00681




PTO/SB/02A (3-97)

Please type a plus sign (+) inside this box -> Approved for use through 9/30/98. OMB 0651-0032

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

Under the Paperwork Reduction Act of 1935, no persons are required to respond to a collection of information unless it contains a
~/Omd OMB control number.

ADDITIONAL INVENTOR(S)
. Ny E CLARATION Supplemental Sheet
29 2009 Page 1_of 2
ional Joint Inventor, if any: [[] A petition has been filed for this unsigned inventor
Given Name (first and middle [if any]) Family Name or Sumame
Sabah Badri
inventor's
Signature Date
an
Residence: City Eﬂangen State Country Germany Citizenship Moroce
Post Office Address | SeDaldusstrasse 8
Post Office Address
City Erlangen State 2 |D-91058 Country | GEFMaNy
Name of Additional Joint inventor, if any: [C] A petition has been filed for this unsigned inventor
Given Name (first and middle {if any]) Family Name or Surname
Stefan Lipp
inventor’s
Signature Date
Residence: City Erlangen State Country Germany Citizenship German
Post Office Address | Steinweg 9 a
Post Office Address
City Erlangen State zp |D-91058 Country | Germany
Name of Additional Joint Inventor, if any: [T] A petition has been filed for this unsigned inventor
Given Name (first and middle [if any]) Family Name or Surname
Stephan Buchholz
Inventor's f ¢ ot 0 00
Signature g’i%k,aw Ev&ﬂﬁ&é} Date 11/20/
v
rman
Residence: City Muenchen State Country Germany Citizenship Germa
Post Office Address | Kerschlacher Strasse 8
Post Ottice Address
City Muenchen State zp |D-81447 Country | GErmany

Burden Hour Statement: This form is estimated to take 0.4 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
I Patents, Washington, DC 20231.

Fraunhofer Ex 2018-88
Sirius XM v Fraunhofer, |PR2018-00681



Please type a plus sign (+) inside this box —>

PTO/SB/O2A (3-97)
Approved for use through 9/30/88. OMB 0651-0032
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a

LOlP L&\, valid OMB control number,

ADDITIONAL INVENTOR(S)
Supplemental Sheet
Page 2 of _2

% 25 0 %DECLARAHON

Additional Joint Inventor, if any:

D A petition has been filed for this unsigned inventor

Given Name (first and middle [if any])

Family Name or Sumame

Albert

Heuberger

Inventor's
Signature

Date

Residence: City Erlangen State

Germany German

Country Citizenship

Post Office Address | [lausaeckerweg 18

Post Office Address

City Erlangen State

D-91056 Germany

zZip Country

Name of Additional Joint Inventor, if any:

[Z1 A petition has been filed for this unsigned inventor

Given Name (first and middie [if any])

Family Name or Sumame

Heinz Gerhaeuser

Inventor's

Slgnature Date

i German

Residence: City Waischenfeld State Country Germany Citizenship

Post Office Address | Saugendorf 17

Post Office Address

City Waischenfeld State zip | D-91344 Country | Germany

Name of Additional Joint Inventor, if any:

[ A petition has been filed for this unsigned inventor

Given Name (first and middle [if any])

Family Name or Sumame

inventor’s

Signature Date
Residence: City State Country Citizenshlip
Post Office Address

Post Office Address

City State ZiP Country

Burden Hour Statement: This form is estimated to take 0.4 hours to complete. Time will vary depending upon the needs of the individual case. Any
comments on the amount of time D{gou are required 1o complete this form should be sent to the Chist Information Officer, Patent and Trademark

Office, Washington, DC 20231.
l Patents, Washington, DC 20231.

NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for

Fraunhofer Ex 2018-89
Sirius XM v Fraunhofer, IPR2018-00681



Please type a plus sign (+) inside this box —> PTO/SB/O1 (12-97)

Approved for use through 9/30/00. OMB 0651-0032

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

Under the Paperwork Reduction Act of 1895, no persons are required to respond to a collection of information unless it contains
a valid OMB control number.

Attorney Docket Number | 41001 \
DECLARATION FOR UTILITY OR )
DESIGN First Named Inventor Emst Eberlein
PATENT APPLICATION COMPLETE IF KNOWN
(37 CFR 1.63) Application Number /
Filing Date
¥ Declaration Declaration

Submitted OR Submitted after Initial | Group Art Unit

with Initial Filing (surcharge

Filing (37 CFR 1.16 (e)) Examiner Name J

required)

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 the criginal, 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 entitled:
Method and Apparatus for Fine Frequency Synchronization in Multi-Carrier Demodulation

Systems

the specification of which (Title of the Invention)
is attached hereto
OR
was filed on (MM/DD/YYYY} I 04/14/98 I as United States Application Number ot PCT International
Application Number [PCT/EP98/02184 | and was amended on (MM/DD/YYYY) | | (it applicable).

| hereby state that | have reviewed and understand the contents of the above identified specification, including the claims, as
amended by any amendment specifically referred to above.

1 acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR 1.56.

I hereby claim foreign priority benefits under 35 U.S.C. 119(a)-(d) or 365(b) of any foreign application(s) for patent or inventor’s
certificate, or 365(a) of any PCT international application which designated at least one country other than the United States of
America, listed below and have also identified below, by checking the box, any foreign application for patent or inventer's certificate,
or of any PCT international application having a filing date before that of the application on which priority is claimed.

Prior Fereign Application Foreign Filing Date Priority Certified Copy Attached?
Number(s) Country (MM/DDIYYYY) Not Claimed YES NO
O 1
(I 1
O O O
| = O

ID Additional foreign application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hereio:

| hereby claim the benefit under 35 U.S.C. 119{e) of any United States provisional application{s) listed below.
Application Number(s) Filing Date (MM/DD/YYYY)

[] Additional provisional application
numbers are listed on a
supplemental priority data sheet
PTO/SB/02B attached hereto.

{Page t of 2]
Burden Hour Statement: This form is estimated to taks 0.4 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.

Fraunhofer Ex 2018-90
Sirius XM v Fraunhofer, |PR2018-00681



PTO/SB/O2A {3-97)
Please type a plus sign (+) inside this box —> Approved for use through 9/30/98. OMB 0651-0032
AP Patent and Trademark Office; U.S. DEPARTMENT OF GOMMERCE

; @ der the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a

ADDITIONAL INVENTOR(S)
Supplemental Sheet
Page 2 of 2
': v;('v'
Namé of Additional Joint Inventor, if any: [ A petition has been filed for this unsigned inventor
Given Name (first and middle [if any]) Family Name or Sumame
\\ Albert Heuberger
e, T
‘% Inventor's W-W 11/21/00
[ 3 Signature " Date
m\q \
" | _Residence: City w /’\\\\%}A\ State Country Germany Citizenship German
Post Office Address Hausaeckerweg 18
Post Office Address
City Erlangen State zip |D-91056 Country | GETMany
Name of Additional Joint Inventor, if any: [] A petition has been filed for this unsigned inventor
Given Name (first and middie [if any}) Family Name or Surname
Heinz j /) Gerhaeuser
2 ’m—-__"-‘hvn.
i’ ; 3
Inventor's 7 /é/ /f/
Signature / gm ) Date 11/21/00
fentoli A ;
. ; rman
Residence: City Waischenfeld if Sta - Country Germany Citizenshi Germa
Post Office Address | Saugendorf 17
Post Office Address
city Waischenfeld | State zip | D-91344 Country | GErmany
Name of Additional Joint Inventor, if any: l [] A pstition has been filed for this unsigned inventor
Given Name (first and middle [if any]) Family Name or Surname
inventor’s
Signature Date
Residence: City State Country Citizenship
Post Office Address
Post Office Address
City State zIP Country

Burden Hour Statement: This form is estimated to take 0.4 hours to complete. Time wilt vary depending upon the needs of the individual case. Any

comments on the amount of time you are required to complete this form shouid 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
l Patents, Washington, DC 20231.

Fraunhofer Ex 2018-91
Sirius XM v Fraunhofer, |PR2018-00681
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PTO/SB/G2A (3-97)
Approved for use through 9/30/98. OMB 0651-0032
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a coflection of infermation unless it contains a

#

'% valid OMB control number.
. W ADDITIONAL INVENTOR(S
Wi s L 7 DECLARATION Supg:lemgentafl Szheel( )
] age 1_of 2

*

p VY,

ame of Additional Joint Inventor, if any:

[1 A petition has been filed for this unsigned inventor

Given Name (first and middie {if any])

Family Name or Sumame

Sabah Badri

g‘i;flz:z:: 5 ' f; LA ?é-——‘ Date 11/22/(D

Residence: City E"@gﬁﬂw&x state Country Germany Citizenship Moroccan
v |

Post Office Address Sebaldusstrasse 8

Post Office Address

City " {Erlangen State zp |D-91058 Country | Germany

Name of Additional Joint Inventor, if any:

D A petition has been filed for this unsigned inventor

Given Name (first and middle [if any})

Famidy Name or Surname

Stefan Lipp
S RIR NN e [1/22/00
T
) Residence: City Q@_ggn @N\X State Country Germany Citizenship German
"‘E Post Office Address | Steinweg 9 a )
Post Office Address
City Erlangen l State 2p | D-91058 Country | Germany

Name of Additional Joint Inventor, if any: I

D A petition has been filed for this unsigned inventor

Given Name (first and middle [if any})

Family Name or Sumame

han 1Buehholz—
| et N
Q Residence: City Mﬁﬁ\g\ State Country Germany Citizenship German
s*\\ Post Office Address | Kerschlacher Strasse 8
Post Office Address
City Muenchen State zp | DP-81447 Country Germany

Burden Hour Statement: This form is estimated to take 0.4 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 fo the Chief information Officer, Pateni 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.

Fraunhofer Ex 2018-92
Sirius XM v Fraunhofer, |PR2018-00681
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PTO/SB/01 (12-97)

Please type a plus sign {+) inside this box —* Approved for use through 8/30/60. OMB 0851-0032
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1895, no persons are required to respond to a coliection of information unless it contains

a valid OMB control number.

DECLARATION — Utility or Design Patent Application

| hereby claim the benefit under 35 U.S.C. 120 of any United States application(s), or 365(c) of any PCT international application designating the
United States of America, listed below and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior
United States or PCT International application in the manner provided by the first paragraph of 35 U.S.C. 112, | acknowledge the duty to disclose
information which is material to patentability as defined in 37 CFR 1.56 which became available between the filing date of the prior application
and the national or PCT internationat fifing date of this application.

U.S. Parent Application or PCT Parent Parent Filing Date Parent Patent Number
Number (MM/DD/YYYY) {if applicable)}

Additional U.S. or PCT internationa! application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hersto.

As a named inventor, | hereby appoint the following registered practitioner(s) to prosecute this application and to transact all business in the Patent

L
ld Additional registered Erackitioner‘sz named on suee!ementat Registered Practitioner information sheet PTO/SB/02C attached hereto.

jand Trademark Office connected therewith: ] cystomer Numbe:‘ } > Place Customer
OR Number Bar Code
[ Registered practitioner(s) name/registration number listed below Labelhore
Registration Registration
Name ___Number __ Name Number_
David S. Abrams J22576 Stacey J. Longanecker 4 32,0520
Robert H. Berdo 19,415 Joseoh J Buczvnski 135084
Alfred N. Goodman |Z6A88 Wayne C. Jaeschke, Jr. 138,503,
Mark S. Bicks | 28770 Tara Laster Hoffman R-46.510_
John E. Holmes 29,392 .'{Aeﬁrey JﬁH&yﬁL 48402,
it V. i 023 arcus R. Mickne: 144,841
Conce & Jonne %stﬁ"“’ Christian G. Michel 46.300

Direct all correspondence to: 1 Customer Number - d ad bel
or Bar Code Label OR [l Correspondence address below

Name John E. Holmes

Address Roylance, Abrams, Berdo & Goodman. L.L.P.

1300 19th Street, N.W., Suite 600

Address '

City Washington state |~D:C. | zp | 20036

Country USA ITelephone‘ (202)659-8076 Fax | (202)659-9344

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

Name of Sole or First Inventor: Oa petition has been filed for this unsigned inventor

Given Name (first and middle [if anv]) Family Name or Surname

Ernst — Eberlein
lnventor's .
Signature W—’Q——'\ 7 Date 11/ 21/ 08
Residence: City gm&?@ﬁh j s !é Country Germany Citizenship German
Post Office Address Waldstrasse 28 b
Post Office Address
City Grossenseebach | oo 2P D-91091 Country Germany
DAddEiionai inventors are being named on the ____supplemental Additional Inventor(s) sheet{s) PTO/SB/02A attached heretoj

l [Page 2 of 2]

Fraunhofer Ex 2018-93
Sirius XM v Fraunhofer, |PR2018-00681
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

WWW.USPTO.GOV

IR RS

Bib Data Sheet

SERALNUMBER | ripopeco | CUASs |eRouparTun | JTTORNCY
09/673,270 RULE _ ‘ 375 ‘ 2631 41001

r‘\PPLICANTS

Ernst Eberlein, Grossenseebach, GERMANY;
Sabah Badri, Erlangen, GERMANY;

Stefan Lipp, Erlangen, GERMANY;

Stephan Buchholz, Muenchen, GERMANY;
Albert Heuberger, Erlangen, GERMANY;
Heinz Gerhaeuser, Waischenfeld, GERMANY;

b CONTINUING DATA RARRRAARRRRREAARNRIRA LA AAR
THIS APPLICATION IS A 371 OF PCT/EP98/02184 04/14/1998

1 FOREIGN APPLICATloNS KARARRRARRRK AR R KN R A R

ﬁIF REQUIRED, FOREIGN FILING LICENSE
GRANTED ** 01/26/2001 -

Dyesa/

Foreign Priority claimed

STATE OR| SHEETS TOTAL |INDEPENDENT]
COUNTRY | DRAWING | CLAIMS CLAIMS
GERMANY 13 1 1

[35 USC 119 (a-d) conditions
met

[Verified and
[Acknowledged

IADDRESS J

John E Holmes

Roylance Abrams Berdo & Goodman
Suite 600

1300 19th Street NW

\Washington ,DC 20036

TITLE
{Method and apparatus for fine frequency synchronization in multi-carrier demodulation systems
O All Fees
U 1.16 Fees (Filing)
FILING FEE |FEES: Authority has been given in Paper U 1.17 Fees ( Processing Ext. of
RECEIVED {No. to charge/credit DEPOSIT ACCOUNT |{time )
1070 No. for following: 0 1.18 Fees ( Issue )
O other
O credit

Fraunhofer Ex 2018-94
Sirius XM v Fraunhofer, |PR2018-00681
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= 527 Rec’d PCT/PTO
41001 ' ‘ : : PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE %5
In re Application of:
Ernst Ebeﬂ:in etal. Group Art Unit:
) Serial No.: 09/673,270 Examiner:

Filed: October 13, 2000 -
(BA -
For: Method and Apparatus for Fine Frequency
Synchronization in Multi-Carrier Demodulation
Systems

TRANSMITTAL OF DECLARATION

Commissioner for Patents
Washington, D.C. 20231

Sir:

"In response to the “Notification of Missing Requirements Under 35 U.S.C. 371 in the
United States Designated/Elected Office (DO/EO/US)” mailed on November 13, 2000, the
undersigned attorney herewith transmits two (2) declarations under 37 C.F.R. 1.63 executed
by the inventors herein. The surcharge under 37 C.F.R. 1.492(e) was paid on October 13,
2000, simultaneously with the national stage entry under 35 U.S.C. 371, and hence is not
being submitted herewith. However, the Office is authorized to charge any deficiency or
credit any overpayment to Deposit Acc;mnt number 18-2220.

Respectfully sﬁbmitted,

\/oﬁ € (Al

John E. Holmes
Auorney for Applicants
. Reg. No. 29,392
Roylance, Abrams, Berdo & Goodman
1300 19" Street, N.W., Suite 600
Washington, D.C. 20036-2680

(202) 659-9076

' Dated:_Aln_t&A_&g_lm
. Fraunhofer Ex 2018-95

Sirius XM v Fraunhofer, |PR2018-00681
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Plsase type a plus sig'n (+) inside this box —»

PTO/SB/01 (12-97)
Approved for use through 9/30/00. OMB 0651-0032 ° .

Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains
a valid OMB control number.

Attorney Docket Number | 41001 \
DECLARATION FOR UTILITY OR .
DESIGN First Named Inventor Ernst Eberlein
‘ PATENT APPLICATION o COMPLETE JF KNOWN
; (37 CFR 1.63) Application Number /
It)

,"‘

Filing Date

Declaration & Declaration
Submitted OR Submitted after Initial | Group Art Unit
with Initial Filing (surcharge
Filing (387 CFR 1.16 (e)) Examiner Name

required) J

As a below named inventor, | hereby declare that:

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

;!
it

¥

| believe | am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if plural
names ars listad below) of the subject matter which is claimed and for which a patent is sought on the invention entitied:

Method and Apparatus for Fine Frequency Synchronization in Multi-Carrier Demodulation

Systems
the specification ot which {Title of the Invention)
is attached hereto
OR
[ wasfiled on (MM/DD/YYYY) I 04/14/98 I as United States Application Number or PCT International
Application Number [ PCT/EP98/02184 | and was amended on (MM/DD/YYYY) | | (it applicable).

| hereby state that | have reviewed and understand the contents of the above identified specification, including the claims, as
amended by any amendment specifically referred to above.

I acknowiedge the duty to disclose information which is material to patentability as defined in 37 CFR 1.586.

{ hereby claim foreign priority benefits under 35 U.S.C. 119{a)-{d) or 365(b} of any foreign application(s) for patent or inventor's
certificate, or 365(a) of any PCT internationai arplication which designated at least one country other than the United States of
America, listed below and have also identified below, by checking the box, any foreign application for patent or inventor’s certificate,
or of any PCT international application having a filing date before that of the application on which priority is claimed.

Prior Foreign Application Foreign Fillng Date Priority Certitied Copy Attached?
Number(s) Country {MM/DD/YYYY) Not Claimed YES NO
O O 2}
0 -
0 a O
O ] ]

100 adaitional foreign application numbaers are listed on a supplemental priority data sheet PTO/SB/02B attached hereto:

1 hereby claim the benefit under 35 U.S.C. 119(e) of any United States provisional application(s) listed bslow.
Application Number(s) Filing Date (MM/DD/YYYY)

] Additional provisional application
numbers are listed on a
supplemental priority data sheet
PTO/SB/028B attached hereto.

[Page 1 of 2]
Burden Hour Statement: This form is estimated to take 0.4 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 complste this form should be sent to the Chisf 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.

Fraunhofer Ex 2018-96
Sirius XM v Fraunhofer, |PR2018-00681



A \ \

,
é’ ’, & L. HE (3" . 3 B

PTO/SB/02A (3-97)
Please type a plus sign {+) insids this box -) Approved for use through 9/30/98. OMB 0651-0032

T 1P - Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
S der the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a
OMB control number.

ADDITIONAL INVENTOR(S)
Supplemental Sheet
Page 2 of 2
[J A petition has been filed for this unsigned inventor
Given Nams (first and middls [if any]) Family Name or Sumame
Albert Heuberger
cmmm—— —_———
Inventor's Wk/{ 11/21/00
\ | signature . Date
Residence: City E—-ﬂaﬂe_n ,w State Country Germany Citizenship German
Post Otffice Address Hausaecke'weg 18
Post Otfice Address
City Erlangen State zip |D-91056 Country | GEMany
Name of Additional Joint Inventor, if any: [ A petition has been filed for this unsigned inventor
— Given Name (first and middie (if any}) ) Famity Narme or Sumame
i : Gerhaeuser
5 Heinz . //A /) Gerhaeuser
: inventor's - 11/21/00
Slignature g 1nd éé = - Date
Residence: City ngmhenfeldcl%f Sta Country Germany Citizenship German
Post Office Address | Saugendorf 17
Post Office Address
city Waischenfeld State 2ip | D-91344 Countey | Germany
Name of Additional Joint Inventor, it any: ] A petition has been filed for this unsigned inventor
Given Name (first and middle {if any]) Family Name or Sumame
inventor's
Signature Date
Residence: City State Country Cltizenship
Post Office Address
Post Office Address
City 4 State zZIP Country

Burden Hour Statement: This form is estimated to take 0.4 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
l Patents, Washington, DC 20231.

Fraunhofer Ex 2018-97
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PTO/SB/O2A (3-97)
Pleass typs a plus sign (+) inside this box —» Approved for use through 9/30/98. OMB 0651-0032
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

ADDITIONAL INVENTOR(S)

DEC LARAT'ON Suppplem$ntaISheet
age 1_of _2

aney

ame of Additional Joint Inventor, if any: [J A petition has been filed for this unsigned inventor

Given Name (first and middls [if any]}. Family Name or Surname

Sabah Badri

—‘—‘ o

Inventor's .

Signature 5' Kc\aé———( Date 11/22/00

Residence: City Erangan W State Country Germany Citizenship Moroccan
=4 !

Sebaldusstrassé 8

: Post Office Address
EEF] Post Office Address
City Erlangen State zp |D-91058 Country Germany
Name of Additional Joint Inventor, if any: [C] A petition has been filed for this unsigned inventor
= Given Namse (lirst and middle [if any]) Family Name or Surname
= Li
Stefan _ Len
Inventor’s . !
Signature && ! M Date 11/22/m
\ Residence: City Erl&g_e_n : i“ State Country Germany Citizenship German
J
[\") Post Oftice Address | Steinweg 9 a
Post Office Address
City Erlangen State ZIP D-91058 Country Germany
Name of Additional Joint Inventor, if any: {T] A petition has been filed for this unsigned inventor '
Given Name (first and middle {it any]} Family Name or Surname
han HBuehholz—
Inventor’s
Slgnature X \\ Date
Residence: City w.e State Country Germany Citizenship German
b\ Post Office Address | Kerschlacher Strasse 8
Post Office Address
City Muenchen State zp |D-81447 Country Germany

Burden Hour Statement: This form is estimated to take 0.4 hours to complste. Time will vary depending upon the needs of the individual case. Any
comments on the amount of time you arae required tc 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.

Fraunhofer Ex 2018-98
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Please type & plus sign (+) inside this box —)

PTO/SB/O1 (12-97)
Approved for use through 9/30/00. OMB 0651-0032

Patent and Trademark QOffice; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a coliection of information unless it contains
a valid OMB control number,

Attorney Docket Number | 41001

DECLARATION FOR UTILITY OR

DESIGN First Named Inventor Ernst Eberlein
PATENT APPLICATION COMPLETE IF KNOWN
(37 CFR 1.63) Application Number /

Filing Date

Daclaration =] Deciaration
Submitted  OR Submitted after Initial § Group Art Unit
with Initial Filing (%urchar?e)
Filin (37 CFR 1.16 (¢)) Examiner Name

9 required) J

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 the 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 entitled:

Method and Apparatus for Fine Frequency Synchronization in Multi-Carrier Demodulation
Systems

the specification of which

is attached hereto
OR

was filad on (MM/DD/YYYY) @11 4/98

(Title of the invention}

I as United States Application Number or PCT International

Application Number [PCT/EP98/02184 | and was amended on (MM/DD/YYYY) |_ | (it applicabie).

I hereby state that | have reviewed and understand the contents of the above identified specification, including the claims, as
amended by any amendment specifically referred to above.

| acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR 1.56.

| hereby claim foreign priorlt; benefits under 35 U.S.C. 118(a)-(d) or 365(b) of any foreign application(s) for patent or inventor's
certificate, or 365(a) of any PCT internationat arptication which designated at least one country other than the United States of
America, listed below and have aiso identified below, by checking the box, any foreign application for patent or inventor's certificate,
or of any PCT internationai application having a filing date before that of the application on which priority is claimed.

Prior Foreign Application Forelgn Filing Date Priority Certitied Copy Attached?
Number(s) Country (MM/DD/YYYY} Not Claimed YES _NO
a O
O O
a O O
o ] [

‘D Additional foreign application numbers are listed on a supplemental priority data shest PTO/SB/02B attached hereto:

1 heraby claim the banefit under 35 U.S.C. 119(e) of any United States provisional application(s) tisted below.
Application Number(s) Filing Date (MM/DD/YYYY)

[ Additional provisional application
numbers are listed on a
supplemental priority data sheet
PTO/SB/028B attached hereto.

{Page 1 of 2]
Burden Hour Statement: This form is estimated to take 0.4 hours to complete. Time will vary depending upon the needs of the

individual case. Any comments on the eamount of time you are required to complatse 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.

Fraunhofer Ex 2018-99
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PTO/SB/O2A (3-97)
Plaase type a plus sign (+) inside this box —> Approved for use through 9/30/98. OMB 0651-0032
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a
. OIlPR id OMS control number.

ADDITIONAL INVENTOR(S)
E Supplemental Sheet
W 7 g 4y BECLARATION plemantal Sh
ional Joint Inventor, if any: ] A petition has been filed for this unsigned inventor
S
Given Namse (first and middle {if any]) Family Name or Surname
Sabah Badri
inventor's
Signature Date
Residence: City Erlangen State Country Germany Citizenship Moroccan
Post Office Address Sebaldusstrasse 8
Post Office Address
City " |Erangen State zp |D-91058 Country | G€rmany
Name of Additional Joint Inventor, if any: [3 A petition has been filed for this unsigned inventor
Given Name (first and middle {if any}]} Family Name or Surname
Stefan _ Lipp
inventor’s
Signhature Date
Residence: city | Erlangen State Country |G€TMany Citizenship German
Post Office Address | Steinweg 8 a
Post Otfice Address
City Erangen State zip D-91058 Country Germany
Name of Additional Joint Inventor, if any: 1 A petition has been filed for this unsigned inventor
Given Name (first and middle {if any}) Family Name or Surname
'Stephan Buchholz
Inventor’s N
Signature gfgg\,om :K,,&(,QQ_Q%} Date 11/20/00
LB
Residence: City Muenchen State Country Germany Citizenship German
Post Office Address | Kerschlacher Strasse 8
Post Office Address
Clty Muenchen State zp |D-81447 Country | GEMany

Burden Hour Statement: This form Is estimated to take 0.4 hours to complete. Time will vary depending upon the needs of the individua! case. Any
comments on the amount of time you are required to complete this form should be sent to the Chisl information Officer, Patent and Trademark

Otfice, Washington, DC 20231, DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for
| Patents, Washington, DC 20231.

Fraunhofer Ex 2018-100
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PTO/SB/O2A (3-97)
Approved for use through 9/30/98. OMB 0651-0032
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a

ADDITIONAL INVENTOR(S)
Supplemental Sheet
Page 2 of _2

Additional Joint Inventor, if any:

[] A petition has been filed for this unsigned inventor

Given Name (first and middie [if any])

Family Name or Sumame

+

Albert Heuberger
Inventor's
Signature Date
Germ, rman
Residence: City Eﬁangen State Country ermany Citizenship Germa
Post Otfice Address Hausaec‘(erweg 18
Post Office Address
City Erangen State zip |D-91056 Country | GErmany
Name of Additional Joint Inventor, if any: [C] A petition has been filed for this unsigned inventor
Glven Name (first and middle {if any]j) Family Name or Sumame
Heinz Gerhaeuser
Inventor's
Signature Date
n
Resldence: City Walschenfeld State Country Germany Citizenship Germa
Post Office Address | Saugendorf 17
Post Otfice Address
City Waischenfeld State zip | D-91344 Country | G€rmany

Name of Additional Joint Inventor, if any:

[ A petition has been filed for this unsigned inventor

Given Name (first and middie {if any])

Family Name or Sumame

inventor's

Signature Date
Reslidence: City State Country Citizenship
Post Otfice Address

Post Office Addross

Clty ' State ZiP Country

comments on the amount of time
Otfice, Washington, DC 20231.
I Patents, Washington, DC 20231.

Fraunhofer Ex 2018-101
Sirius XM v Fraunhofer, |PR2018-00681

Burden Hour Statement: This form Is estimated to take 0.4 hours to complete. Time will vary dspending upon the needs of the Individual case. Ar:z
ou are required to complete this form should be sent to the Chiel Information Officer, Patent and Trademal
NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissionsr for
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PTO/SB/Ot (12-97)
Please type a plus sign (+) inside this box —= Approved for use through 9/30/00. OMB 0651-0032
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Undsr the Paperwork Reduction Act of 1995, no persons are required to respond to a collection cf information unless it contains
a valid OMB control number.

DECLARATION — Utility or Design Patent Application

| hereby claim the benefit under 35 U.S.C. 120 of any United States application{s), or 365(c) of any PCT international application designating the
United States of America, listed below and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior
United States or PCT international application in the manner provided by the first paragraph of 35 U.S.C. 112, | acknowledge thé duty to disclose
information which is material to patentability as defined in 37 CFR 1.56 which became available between the filing date of the prior application
ang the national or PCT international filing date of this application.

U.S. Parent Application or PCT Parent Parent Filing Date Parent Patent Number
Number {(MM/DD/YYYY) (it applicable)

L] Additionat U.S. or PCT international application numbers are fisted on a supplemental priority data sheet PTO/SB/02B attached hersto.
As a named Inventor, | hereby appoint the following registered practitioner(s) to prosecute this application and to transact alt business In the Patent}

and Trademark Office connected therewith: [ cystomer NumberL ] > Place Customer
OR Number Bar Code
vl Registered practitioner(s) namae/registration number listed below Lakelhara
Registration Registration
Name Number Name Number
David 5, Abrams 22576 Stacey J. Longanecker 33,852
Robert H. Berdo 19,415 Josech J. Bucxvnski 35,084
Good 26.458 Wayne C. Jaeschke, Jr. 38,503
mdsﬂ Boke 28,770 Tara Laster Hotfman P-46.510
John E. Holmes 29,392 -’J‘effrey JéHmn ﬁ.gg?
. Davis 32, arcus R, Mickne »
}&mwﬁ azgg? Christian C. Mi 46.300
Additional reqistered practitioner{s} named on supplementat Registered Practitioner information sheet PTO/SB/02C attached hereto.

Direct all correspondence to: [1 Customer Number

i) Correspondence address below
or Bar Code Label OR - respo

Name John E. Holmes

| Address Roylance, Abrams, Berdo & Goodman, L.L.P.
’ 1300 19th Street, N.W., Suite 600

Address
City Washington state | D.C. 2iP 20036
Country USA Telephone ] (202)659-9076 Fax (202)659-9344

| 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 willtul false statements and the fike so made are

punishable by fine or imprisonment, or both, under 18 U.S.C. 1001 and that such willful false statements may jeopardize the validity of the
application or any patent issued thereon.

Name of Sole or First inventor: a A pelition has been filed for this unsigned inventor
Given Name {first and middie [if any}} Family Name or Surname |
Emst - Eberein

inventor's

Signature Date

Residence: City Grossenseebach State country | Germany Citizenship German
Post Office Address Waldst e28b

Post Office Address

city | Grossenseebech State 2P D-91091 Country Germany

O Additional Inventors are being named on the suppleméental Additional Inventor(s) sheet(s) PTO/SB/02A attached hereto]

[Page 2 0f 2]
Fraunhofer Ex 2018-102
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PTO/SB/01 {12-97)
Please type a plus sign {+) inside this box =& Approved for use through 9/30/00. OMB 0651-0032
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Papsrwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains
a valid OMB control number.

) DECLARATION — Utility or Design Patent Application

| hereby claim the benefit under 35 U.S.C. 120 of any United States application(s), or 365(c) of any PCT international application designating the
* United States of America, listed below and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior
United States or PCT International application in the manner provided by the first paragraph of 35 U.S.C. 112, | acknowledge the duty to disclose
information which is material to patentability as defined in 37 CFR 1.56 which became available between the filing data of the prior application

and the national or PCT international filing date of this application.
U.S. Parent Application or PCT Parent Parent Filing Date Parent Patent Number
Number (MM/DD/YYYY) (if applicable)

L] Additional U.S. or PCT international application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hereto.
As a namaed inventor, | hereby appoint the following registered practitioner(s) to prosecute this application and to transact all business in the Patentf

and Trademark Office connected therewith: [™] cystomer Number[ ] > Place Cusfomer
Number Bar Codsg
[l Registered practitioner(s) name/registration number listed below Lahel bara
Registration Registration
Name Number Name Number
David 5. Abrams |22578 Stacey J. Longanecker - J33055—
Robert H. Berdo ‘119,415 Josenh J. Buczvnski .- 135.084
Alfred N. Goodman . 26458 Wayne C. Jaeschke, Jr. 138503
Mark S. Bicks 1287720 Tara Laster Hoffman JB46510
John E. Holmes 29,392 Jeffrey J. Howell 468402
32,023 Marcus R. Mickneg -] .:g.,w_

. Davi X
Garrett V. Davis o ) e
Iﬁ Additional registered practitioner(s) named on supplemental Registered Practitioner Information sheet PTQ/SB/02C attached hereto.

Direct all correspondence to: ] Customer Number V] C
orrespondence address below
: or Bar Code Label OR - P el

Name John E. Holmes
Address Roylance, Abrams, Berdo & Goodman, L.L.P.
1300 19th Street, N.W., Suite 600
§ Address
City Washington State i D.C. ZI_P 20036
Country USA Telephone l (202)659-8076 Fax | (202)659-9344

i heraeby 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 18 U.S.C. 1001 and that such willful false statements may jeopardize the validity of the
application or any patent issued thergon.

Name of Sole or First Inventor: £ A petition has been filed for this unsigned inventor

Given Name (first and middle [if anv]) Family Name or Surname |
Emst . Eberlein
e _ e’ — | e [11/21/00
Residence: Clty | Grossensesbach Pé sithe Country | Germany Citizenship | G€rman
Post Office Address | VY aidStrasse 28 b
Post Office Address
City Grossensesbach | o . 2ip D-91091 Country Germany

DAddi:ional inventors are belng named on the ____sueeleméntal Additional Invemor‘sz sheetSsz PTQ/SB/02A attached heretoi
I [Page 2 of 2]
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: : {

Ernst Eberlein et al. Group Art Unit:

Serial No.: 09/673,270 Examiner:

Filed: October 13, 2000 :

L Serpne

For: Method and Apparatus for Fine'fre
Synchronization in Multi-Carrier Demodulation

Systems

INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents
Washington, D.C. 20231

Sir:

In compliance with 37 C.E.R. §§ 1.56, 1.97 and 1.98, the Applicants herewith submit
copies of the items listed in the attached Form PTO-1449. The Examiner’s consideration and
acknowledgement of these items is respectfully requested.

The Examiner is also advised of the existence of the following commonly-assigned

U.S. national stage patent applicaﬁons which disclose and claim related subject matter:

Applicants Serial No. Title

Ermnst Eberleinetal.  09/673,265 Coarse Frequency Synchronisation in Multicarrier
Systems

Ernst Eberlein etal.  09/673,271 Frame Structure and Frame Synchronization for
" Multicarrier Systems

Emnst Eberleinetal.  09/673,266 Echo Phase Offset Correction in a Multi-Carrier
- Demodulation System (As Amended)

Ernst Eberlein etal.  09/673,206 Dual-Mode Receiver for Receiving Satellite and
Terrestrial Signals in a Digital Broadcast System

Fraunhofer Ex 2018-104
Sirius XM v Fraunhofer, |PR2018-00681
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The Examiner is invited to review the art which has been made of record by the

Applicants in the applications listed above, in addition to the documents submitted herewith.

Respectfully submitted,

\AL L ..

John E. Holmes
Attorney for Applicants
Reg. No. 29,392

Roylance, Abrams, Berdo & Goodman
1300 19* Street, N.W., Suite 600
Washington, D.C. 20036-2680

(202) 659-9076

Daed:_ U, il 25 2000

Fraunhofer Ex 2018—105
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ITED STATES DEPARTMENT OF COMMERCE
atent and Trademark Office
ddress: ASSISTANT COMMISSIONER FOR PATENTS
Washington, D.C. 20231
[ U.S. APPLICATION NO. ] [ FIRST NAMED APPLICANT ] ATTY. DOCKET NO, ]
09/673270 EBERLEIN E 41001

INTERNATIONAL APPLICATION NO. l

ROYLANCE ABRAMS BERDO & GOODMAN

SUITE 600 PCT/EP98/02184

1300 19TH STREET NW

WASHINGTON, DC 20036 I 1A, FILING DATE | PRIORITY DATE ]
14 APR 98

e 19 JAN 2001

NOTIFICATION OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C. 371
AND 37 CFR 1.494 OR 1.495

1. The applicant is hereby advised that the United States Patent and Trademark Office in its capacity as D a

Designated Office (37 CFR 1.494), IZ' an Elected Office (37 CFR 1.495), has determined that the above

identified international application has met the requirements of 35 U.S.C. 371, and is ACCEPTED for national
patentability examination in the United States Patent and Trademark Office. }
i

4

2. The United States Application Number assigned to the application is shown above and the relevant dates tii:e:

29 nov 2000 ) 29 nov 2000 ?

35U.8.C. 102(e) DATE ‘ DATE OF.RECEIPT OF
35 US.C. 371 REQUIREMENTS

A Filing Receipt (PTO-103X) will be issued for the present application in due course. THE DATE
APPEARING ON THE FILING RECEIPT AS THE "FILING DATE" IS THE DATE ON WHICH THE
LAST OF THE 35 U.S.C. 371(C) REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS
DATE IS SHOWN ABOVE. The filing date of the above identified application is the international filing date
of the international application (Article 11(3) and 35 U.S.C. 363). Once the Filing Receipt has been received,
send all correspondence to the Group Art Unit designated thereon. ,

3. D A request for immediate examination under 35 U.S.C. 371(f) was received on ahd

the application will be examined in turn. X

4. The following items have been received: ' \ ,
-~

U.S. Basic National Fee.
Copy of the international application in:
a non-English language.
English.
[Zl Translation of the international application into English.
|Z] Qath or Declaration of inventors(s) for DO/EO/US.
Copy of Article 19 amendments. L_} Translation of Article 19 amendments into English.
The Article 19 amendments D have D have not been entered.
D The International Preliminary Examination Report in English and its Annexes, if any.
IZI Copy of the Annexes to the International Preliminary Examination Report (IPER).
Translation of Annexes to the IPER into English.
The Annexes D have |Z| have not been entered.
(X] Preliminary amendment(s) filed___ 130ct2000  ang

Information Disclosure Statement(s) filed and

Assignment document.

Power of Attorney and/or Change of Address.

Substitute specification filed 13 oct 2000

Verified Statement Claiming Small Entity Status.

Priority Document.

Copy of the International Search Report IXJ and copies of the references cited therein.
Other:

Applicant is reminded that any communication to the United States Patent and Trademark Office mus{ be mailed
to the address given in the heading and include the U.S. application no. shown above. (37 CFR.]_.? % - e s
-\ B
NN Y

S

Shelby J. Vigil ‘)

FORM PCT/DO/E0O/903 (December 1997) ‘ l Telephone: 703.30'5_;?6asu'5nh0fer Ex 2018-106

Sirius XM v Ffaunhofer, |PR2018-00681
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Ernst Eberlein et al.

Group Art Unit: 2631

Serial No.: 09/673,270 Examiner:

Filed: October 13, 2000

For: Method and Apparatus for Fine Frequency
Synchronization in Multi-Carrier Demodulation
Systems

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

EIVED
Commissioner for Patents
Washington, D.C. 20231 JAN 0 3 2003
Sir: Technology Center 2600

In comphance with 37 C.F.R. {§ 1.56, 1.97 and 1.98, the Applicants herewith submit copies
of the Japanese-language patent publications listed in the attached form PTO-1449, which were
cited during foreign prosecution. English-language abstracts of these items are also included. The
Examiner’s consideration and acknowledgement of these items is respectfully requested.

The Examiner is advised that U.S. Patent No. 5,771,224 and European EP-A-0734132 are
English-language counterparts of one of the two Japanese patent publications, No. JP-8-265293. A
copy of the U.S. patent is also being submitted and is listed in the attached from PTO-1449. The
undersigned does not have a copy of the European document but will be pleased to obtain and
submit a copy at the Examiner’s request.

Respectfully submitted,

A /A, ar

John E. Holmes
Attorney for Applicants
Reg. No. 29,392

Roylance, Abrams, Berdo & Goodman

1300 19t Street, N.W., Suite 600

Washington, D.C. 20036-2680

(202) 659-9076

Dated: Jg:g;‘;: ,EZ 2002

Fraunhofer Ex 2018-107
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UNITED STATES PATENT AND TRADEMARK OFFICE

.4‘

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

P.O. Box |

450
Alexandria, Virginia 223131450

WWW.USPLO.ZOV

I APPLICATION NO. FILING DATE FIRST NAMED INVENTOR

| ATTORNEY DOCKET NO. ] CONFIRMATION NO. ]
09/673,270 11/29/2000 Ernst Eberlein 41001 3590
7590 11/19/2003 | EXAMINER B
John E Holmes WARE, CICELY Q
Roylance Abrams Berdo & Goodman
Suite 600 | ART UNIT | paPERNUMBER

1300 19th Street NW
Washington, DC 20036

2634

DATE MAILED: 11/19/2003

7

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

PTO-90C (Rev. 10/03)

Fraunhofer Ex 2018-

108
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. Application No. . Applicant(s)
09/673,270 EBERLEIN ET AL.
Office Action Summary Examiner A Unit
Cicely Ware 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,
- If the 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.
- I NQ 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 14 November 2003.
2a)] This action is FINAL. 2b)[X] This action is non-final.

3)[] 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

4K Claim(s) 19-34 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.
5] Claim(s) _____is/are allowed.
8)X] Claim(s) 19-34 is/are rejected.
7)J Claim(s) _____is/are objected to.
8)L] Claim(s) are subject to restriction and/or election requirement.

Application Papers

9) The specification is objected to by the Examiner.
10)X] The drawing(s) filed on is/fare: a)l_] accepted or b)[X] 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 and 120

12)] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)lJ Al b)[J Some* ¢)[J None of:
1. Certified copies of the priority documents have been received.
2.0 certified copies of the priority documents have been received in Application No. .
3.1 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.
13)J Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application)
since a specific reference was included in the first sentence of the specification orin an Application Data Sheet.
37 CFR 1.78.
a) [J The translation of the foreign language provisional application has been received.
14)] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121 since a specific
reference was included in the first sentence of the specification or in an Application Data Sheet. 37 CFR 1.78.
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Application/Control Number: 09/673,270 Page 2
Art Unit: 2634
DETAILED ACTION
Drawings
1. This application has been filed with informal drawings, which are acceptable for

examination purposes only. Formal drawings will be required when the application is

allowed.
Specification
2. The abstract of the disclosure is objected to because:
a. Line 1, applicant uses the phrase “relate to”. Examiner suggests using

“relating to” for clarification purposes.
Correction is required. See MPEP § 608.01(b).
3. The disclosure is objected to because of the following informalities:

a. Pg. 10, line 35, applicant uses the phrase “of a MCM receiver’. Examiner
suggests using “of an MCM receiver” for clarification purposes.

b. Pg. 14-15, line 8, applicant uses the phrase “symbols 200 is shown”.
Examiner suggests using “symbols 200 are shown” for clarification purposes.

C. Pg. 21, line 17, applicant uses the phrase “produces an frequency error”.
Examiner suggests using the phrase “produces a frequency error” for clarification
purposes. |

d. Pg. 22, line 12, examiner suggests inserting “of’ between “both these

samples” for clarification purposes.
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e. Pg. 22, line 35-36, applicant uses the phrase “contains a M-fold

uncertainty’. Examiner suggests using “contains an M-fold uncertainty”.

f. Pg. 22, line 37, examiner suggests re-writing this line for clarification
purposes.

g. Pg. 23, line 3, examiner suggests re-writing this line for clarification
purposes.

h. Pg. 23, line 12, examiner suggests replacing “This” with “The” for
clarification purposes.
i Pg. 25, line 3, applicant uses “oder’. Examiner suggests using “order” for

clarification purposes.

j. Pg. 29, lines 7-10, examiner suggests re-writing these lines for clarification
purposes.
K. Pg. 30, line 2, applicant uses “offsets”. Examiner suggests using “offset”

for clarification purposes.
l. Pg. 30, line 9, applicant uses the phrase “demapper of a MCM receiver”.
Examiner suggests using “demapper of an MCM receiver’ for clarification purposes.
m. Pg. 30, line 30, examiner suggests using “subcarrier symbols” instead of

“subcarriers symbols” for clarification purposes.

n. Pg. 30, lines 31-32, examiner suggests re-writing this line for clarification
purposes.
o} Pg. 31, line 3, applicant uses the phrase “device in a MCM receiver’.

Examiner suggests using “device in an MCM receiver” for clarification purposes.
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p. Pg. 31, lines 10-16, examiner suggest re-writing these lines for clarification
purposes.

g. Pg. 31, line 30, applicant uses the phrase “performing same is now”.

Examiner suggests using “performing the same is now” for clarification purposes.
r. Pg. 39, line 11, examiner suggests using “sent” instead of “send” for
clarification purposes.
S. Pg. 40, line 31, applicant uses the phrase “explained above section”.
Examiner suggests using “explained in the above section”.

Appropriate correction is required.

Claim Rejections - 35 USC § 102
4, The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless -

(e) the invention was described in (1) an application for patent, published under section 122(b), by
another filed in the United States before the invention by the applicant for patent or (2) a patent
granted on an application for patent by another filed in the United States before the invention by the
applicant for patent, except that an international application filed under the treaty defined in section
351(a) shall have the effects for purposes of this subsection of an application filed in the United States

only if the international application designated the United States and was published under Article 21(2)
of such treaty in the English language.

5. Claims 19-34 are rejected under 35 U.S.C. 102(e) as being anticipated by Ahn
(US Patent 6,219,333).

(1) With regard to claim 19, Ahn discloses a method performing a fine frequency
synchronization compensating for a carrier frequency déviation from an oscillator

frequency in a multi-carrier demodulation system of the type capable of carrying out a
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differential phase decoding of multi-carrier modulated signals, said signals comprising a
plurality of symbols, each symbol being defined by phase differences between
simultaneous carriers having different frequencies (col. 1, lines 25-33, 58-61, col. 2,
lines 27-33), said method comprising the steps of: determining a phase difference
between phases of the same carrier in different symbols (col. 2, lines 27-33, col. 7, lines
46-51), determining a frequency offset by eliminating phase shift uncertainties related to
the transmitted information from said phase difference making use of a decision device
(col. 2, lines 64-686, col. 5, lines 25-35, col. 7, lines 2-5, 45-51, col. 8, lines 1-7);
performing a feedback correction of said carrier frequency deviation based on said
determined frequency offset (Fig. 1, col. 3, lines 3-9).

(2) With regard to claim 20, inherits all the limitations of claim 19. Ahn further
discloses determining respective phase of the same carrier in different symbols (col. 2,
lines 27-30); eliminating phase shift uncertainties related to the transmitted information
from said phases to determine respective phase deviations making use of a decision
device (col. 7, lines 41-67); determining frequency offset by determining a phase
difference between said phase deviations (col. 7, lines 41-67).

(3) With regard to claim 21, claim 21 inherits all the limitations of claim 19. Ahn
further discloses wherein the method is performed for a plurality of carriers in said
symbols (col. 1, lines 25-33, col. 2, lines 21-23); an averaged frequency offset is
determined by averaging said determined frequency offsets of said plurality of carriers

(col. 7, lines 37-54), and said feedback correction of said frequency deviation is

Fraunhofer Ex 2018-113
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performed based on said averaged frequency offset (Fig. 1, col. 7, lines 41-67, col. 8,
lines 1-7).

(4) With regard to claim 22, claim 22 inherits all the limitations of claims 20 and
21.

(5) With regard to claim 23, claim 23 inherits all the limitations of claim 19. Ahn
further discloses the step of determining a phase difference between phases of the
same carrier in symbols, which are adjacent in the time axis direction (col. 7, lines 46-
49, col. 8, lines 9-11).

(6) With regard to claim 24,‘ claim 24 inherits all the limitations of claim 19. Ahn
further discloses the step of eliminating phase shift uncertainties corresponding to
phase shifts (col. 1, lines 34-45, 5-57, col. 5, lines 58-61, col. 7, lines 31-63).

(7) With regard to claim 25, claim 25 inherits all the limitations of claim 20. Ahn
further discloses the step of determining respective phases of the same carrier in
symbols, which are adjacent in the time axis direction (col. 2, lines 27-33, col. 7, lines
46-49, col. 8, lines 9-11).

(8) With regard to claim 26, claim 26 inherits all the limitations of claim 20. Ahn
further discloses the step of eliminating phase shifts (col. 7, lines 31-67).

(9) With regard to claim 27, claim 27 inherits all the limitations of claim 19.

(10) With regard to claim 28, claim 28 inherits all the limitations of claim 20.

(11) With regard to claim 29, claim 29 inherits all the limitations of claims 27 and

21.

Fraunhofer Ex 2018-114
Sirius XM v Fraunhofer, |PR2018-00681



Application/Control Number: 09/673,270 Page 7
Art Unit: 2634

(12) With regard to claim 30, claim 30 inherits all the limitations of claims 28 and

21.

(13) With regard to claim 31, claim 31 inherits all the limitations of claim 27 and
23.

(14) With regard to claim 32, claim 32 inherits all the limitations of claims 28 and
25.

(15) With regard to claim 33, claim 33 inherits all the limitations of claim 27. Ahn
further discloses in (Fig. 1) means for performing a feedback correction of said
frequency deviation comprises a numerical controlled oscillator and a complex multiplier
(col. 3, lines 3-9, col. 4, lines 53-63, col. 8, lines 1-7).

(16) With regard to claim 34, claim 34 inherits all the limitations of claim 33. Ahn
further discloses in (Fig. 1(106, 108)) performing a feedback correction of said
frequency deviation further comprises a low path filter preceding said numerical

controlled oscillator.

Conclusion
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Cicely Ware whose telephone number is 703-305-8326.
The examiner can normally be reached on Monday - Friday, 8-5.
If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, Stephen Chin can be reached on 703-305-4714. The fax phone numbers
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for the organization where this application or proceeding is assigned are 703-872-9314
for regular communications and 703-872-9314 for After Final communications.

Any inquiry of a general nature or relating to the status of this application or
proceeding should be directed to the receptionist whose telephone number is 703-305-

3900.

Cicely Ware

cqw
November 17, 2003

N

STEPHEN CHIN
SUPERVISORY PATENT EXAMINEI
TECHNOLOGY CENTER 2600
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dt. dated February 19, 2004 §//
eply to Office Action of November 19, 2004 & 7 g

PATENT
41001
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of:
Ernst Eberlein et al. Group Art Unit: 2634
Serial No.: 09/673,270 Examiner: C. Ware

Filed: November 29, 2000

For: METHOD AND APPARATUS FOR . RECEIVED

FINE FREQUENCY SYNCHRONIZATION :

IN MULTI-CARRIER DEMODULATION . FEB 2 3 2004

YST -

SYSTEMS Technology Center 2600
AMENDMENT

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Sir:

In response to the Office Action dated November 19, 2003, please amend the

above-captioned application as indicated on the following pages.
Amendments to the specification, including abstract, begin on page 2 herein.

Remarks begin on page 10 herein.
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Case Docket No.: 41001

Ernst Eberlein et al. : Group Art Unit: 2634
Serial No.: 09/673,270 Examiner: C. Ware
Filed: November 29, 2000
For: METHOD AND APPARATUS FOR FINE FREQUENCY ™
SYNCHRONIZATION IN MULTI-CARRIER : R E C E !VF :
DEMODULATION SYSTEMS
FEB 2 3 2004
COMMISSIONER FOR PATENTS
P.O. Box 1450 Technology Genter 2600
Alexandria, VA 22313-1450 .

Transmitted herewith is an Amendment in the above-identified application:

D Small entity status of this application under 37 C.F.R. § 1.9 and 1.27 has been established by a
verified statement previously submitted.

D A verified statement to establish small entity status under 37 C.F.R. § 1.9 and 1.27 is enclosed.

D No additional fee is required.

The fee has been calculated as shown below:

OTHER THAN A
CLAIMS SMALL ENTITY SMALL ENTITY
REMAINING HIGHEST NO. .
AFTER PREVIOUSLY PRESENT ADDIT. ADDIT.
AMENDMENT PAID FOR EXTRA RATE FEE RATE FEE
TOTAL - = x9=§ x18=§
INDEP - = x43=§ x86=9§
[ JFIRST PRESENTATION OF MULT. DEP. CLAIM +145= § +290=$%
If the difference in Col. 1 is less than zero, enter "0" in Col. 2 TOTAL § TOTAL $
D Applicant(s) petition(s) for an extension of month(s) to respond and submits herewith the fee
of §
Please charge my Deposit Account No. 18-2220 in the amount of § . A duplicate copy of this

sheet is attached.

A check in the amount of $ is attached.

X O 0O

The Commissioner is hereby authorized to charge payment of the following fees associated with this
communication or credit any overpayment to Deposit Account No. 18-2220. A duplicate copy of this
sheet is attached.

E] Any additional excess claim fees under 37 C.F.R. § 1.16.

Any additional patent application processing fees under 37 C.F.R. § 1.17.

Dated: lfi Qk;hrﬂéﬂﬂﬂﬁ , 2004

Roylance Abrams, Berdo & Goodman, L.L.P. Attomey of Re O
1300 19" Street, N.W., Suite 600 Reg. No. 33,952
Washington, D.C. 20036

(202) 659-9076
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Amdt. dated May 19, 2003
Reply to Office Action of February 19, 2003

AMENDMENTS TO THE SPECIFICATION:

Please amend the paragraph beginning on line 2 of page 8 as follows:

Figure 12 shows scatter diagrams of the output of an
differential de-mapper of [[a]]. an MCM
receiver for illustrating the effect of an

echo phase offset correction;

Please amend the paragraph beginning on line 4 of page 12 as follows:

A second method of differential mapping is shown in
Figure 2B. The present invention is adapted for MCM
transmission system using the mapping scheme shown in
Figure 2B. Thié mapping scheme is based on a differentiai
mapping inside one MCM symbol along the frequency axis. A
number of MCM symbols 200 [[is]] are shown in Figure 2B.
Bach MCM symbol 200 comprises a number of sub-carrier
symbols 202. The arrows 204 in Figure 2B illustrate
information encoded between two sub-carrier symbols 202.
As can be seen from the arrows 204, this mapping scheme
is based on a differential mapping within one MCM symbol

along the frequency axis direction.

Please amend the paragraph beginning on line 9 of page 18 as follows:

The output of the MCM demodulator 314 is also applied to
fine frequency error detector 320. The fine frequency
error detector 320 produces [[an]] a frequency error
signal from the output of the MCM demodulator. In the
depicted embodiment, the output of the fine frequency
error detector 320 is applied to a numerical controlled

oscillator 322 wvia a loop filter 324. The loop filter 324

2-
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is a low pass filter for filtering superimposed
interference portions of a higher frequency from the
slowly wvarying error signal. The numerical controlled
oscillator 322 produces a carrier signal on the basis of
the filtered error signal. The carrier signal produced by
the numerical controlled oscillator 322 is used for a
frequency correction which is performed by making use of
a complex multiplier 326. The inputs to the complex
multiplier 326 are the output of the low pass filter and
decimator wunit 312 and the output of the numerical

controlled oscillator 322.

Please amend the paragraph beginning on line 31 of page 18 as follows:

The fine frequency error detector 320 comprises a
differential detector in the time axis 330. The output of
the MCM demodulator 314, i.e. the FFT output (FFT = Fast
Fourier Transform) is applied to the input of the
differential detector 330 which performs a differential
detection in the time axis in order to derive information
on a frequency offset from the same sub-carrier of two
subsequently arriving MCM symbols. In the embodiment
shown in Figure 7, the number of active sub-carriers is
432. Thus, the differential detector 330 performs a
correlation between the first and the 433rd sample. The
first sample is associated with MCM-symbol-1 (Figure 5),
whereas the 433rd sample is associated with MCM-symbol-2
(Figure 5). However, both of these samples are associated

with the same sub-carrier.

Please amend the paragraph beginning on line 28 of page 19 as follows:

Fraunhofer Ex 2018-125
Sirius XM v Fraunhofer, IPR2018-00681



Appl. No. 09/988,001 ® e

Amdt. dated May 19, 2003
Reply to Office Action of February 19, 2003

The output Zx of the differential detector 330 contains
[[al]] an M-fold uncertainty corresponding to codeable
phase shifts. In case of the QPSK mapping, this M-fold
uncertainty is a 4-fold uncertainty, i.e., in the 0°,

g0¢°, 180° and 270°phase shifts. This phase shift

uncertainty is eliminated from the output Zxy [making use

of al by wusing an M-PSK decision device 340. Such

decision devices arxre known in the art and, therefore,
[[havel] are not [[to be]] described here in detail. The
output of the decision device 340 (4,) represents the
complex conjugate of the codeable phase shift decided by
the decision device 340. This output of the decision
device 340 is correlated with the output of the
differential detector 330 by performing a complex

multiplication using a multiplier 342.

Please amend the paragraph beginning on line 5 of page 20 as follows:

The output the multiplier 342 represents the phase offset
for the respective sub-carriers. [[This]l] The phase
offsets for the respective sub-carriers are averaged over
one MCM symbol in an averaging unit 344 in accordance
with a preferred embodiment of the present invention. The

output of the averaging units 344 represent the output of

the fine frequency error detector 320.

Please amend the paragraph beginning on line 24 of page 21 as follows:

As described above, the frame/timing synchronization unit
uses the amplitude-modulated sequence in the received
signal in order to extract the framing information from

the MCM signal and further to remove the guard intervals

-4-
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therefrom. After the frame/timing synchronization wunit
360 it follows a coarse frequency synchronization unit
362 which estimates a coarse frequency offset based on
the amplitude-modulated sequence of the reference symbol
of the MCM signal. In the coarse frequency
synchronization unit 362, a frequency offset of the
carrier frequency with respect to the oscillator
frequency in the MCM receiver is determined in [[oder]]
order to perform a frequency offset correction in a block
364. This frequency offset correction in block 364 1is

performed by a complex multiplication.

Please amend the paragraph beginning on line 9 of page 26 as follows:

In case of a channel with strong reflections, for example
due to a high building density, the correlations
described above might be insufficient for obtaining a
suitable coarse frequency synchronization. Therefore, in
accordance with a third embodiment of the present
invention, corresponding values of the two portions
(i.e., which are correlated in accordance with a second

embodiment) [, can be weighting] can be weighted with

corresponding values of stored predetermined reference
patterns corresponding to said two identical sequences of
the reference symbol. This weighting can maximize the
probability of correctly determining the frequency
offset. The mathematical description of this weighting is

as follows:

Please amend the paragraph beginning on line 13 of page 27 as follows:

Systematic phase shifts stemming from echoes in multipath
environments may occur between subcarriers in the same

MCM symbol. [[This]]These phase offsets can cause bit

-5-
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errors when demodulating the MCM symbol at the receiver.
Thus, it is preferred to make use of an algorithm to
correct the systematic phase shifts stemming from echoes

in multipath environments.

Please amend the paragraph beginning on line 20 of page 27 as follows:

In Figure 12, scatter diagrams at the output of a
differential demapper of [[al] an MCM receiver are shown.
As can be seen from the 1left part of Figure 12,
systematic phase shifts between subcarriers in the same
MCM symbol cause a zrotation of the demodulated phase
shifts with respect to the axis of the complex coordinate
system. In the right part of Figure 12, the demodulated
phase shifts after having performed an echo phase offset
correction are depicted. Now, the positions of the signal
points are substantially on the axis of the complex
coordinate system. These positions correspond to the
modulated phase shifts of 0°, 90¢°, 180° and 270°,

respectively.

Please amend the paragraph beginning on line 38 of page 27 as follows:

For illustration purposes, one may think of the simplest
algorithm possible which eliminates the symbol phase
before computing the mean of all phases of the
subcarriers. To illustrate the effect of such an EPOC
algorithm, reference is made to the two scatter diagrams

of [[subcarriers]] subcarrier symbols contained in one

MCM symbol in Figure 12. [[This]] These scatter diagrams
have been obtained as result of an MCM simulation. For
the simulation, a channel has been used which might
typically show up in single frequency networks. The

echoes of this channel stretched to the limits of the MCM
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guard interval. The guard interval was chosen to be 25%

of the MCM symbol duration in this case.

Please amend the paragraph beginning on line 13 of page 28 as follows:

1

Figure 13 represents a block diagram for illustrating the
position and the functionality of an echo phase offset
correction device in [[a]] an MCM receiver. The signal of
a MCM transmitter is transmitted through the channel 122
(Figures 1 and 13) and received at the receiver frontend
132 of the MCM receiver. The signal processing between
the receiver frontend and the fast Fourier transformator
140 has been omitted in Figure 13. The output of the fast
Fourier transformator is applied to the de-mapper, which
performs a differential de-mapping along the frequency
axis. The output of the de-mapper are the respective
phase shifts for the subcarriers. The phase offsets of
[[this]] these phase shifts, which are caused by echoes

in multipath environments, are [[visualized]] illustrated

by [[al]l] block 400 in Figure 13, which shows an example
of a scatter diagram of the subcarrier symbols without an

echo phase offset correction.

Please amend the paragraph beginning on line 2 of page 29 as follows:

A first embodiment of an EPOC algorithm and a device for
performing the same is now described referring to Figure

14 -

Please amend the paragraph beginning on line 19 of page 36 as follows:

The two plots 1n Figure 15 show the projection of the

EPOC algorithm of the second embodiment for one gquadrant
-7-
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of the complex plane. Depicted here is the quadratic grid
in the sector |arg(z) < 7/4 and the straight 1line
y = f{x) = a+b-x with a = -1.0 and b = 0.5 (dotted
line)}. In case of a noise-free channel, all received
symbols will 1lie on this straight 1line if 1+j0 was
[[send]l]lsent. The circle shown in the plots determines
the boarder line for the two cases of Equation 40. In the
left part, Figure 15 shows the situation before the
projection, in the right part, Figure 15 shows the
situation after applying the projection algorithm. By
looking on the left part, one can see, that the straight
line now lies on the real axis with 2+j0 being the fix
point of the projection. Therefore, it can be concluded
that the echo phase offset correction algorithm according

to the second embodiment fulfills the design goal.

Please amend the paragraph beginning on line 16 of page 38 as follows:

Besides the two EPOC algorithms explained in the above
section, different algorithms can be designed that will,
however, most likely exhibit a higher degree of

computational complexity.

Please amend the “Abstract of the Disclosure™ section of the specification following
the claims as follows:

A method and an apparatus [relate] relating to a fine
frequency synchronization compensating for a carrier
frequency deviation from an oscillator frequency in a
multi-carrier demodulation system of the type capable of
carrying out a differential phase decoding of multi-
carrier modulated signals, the signals comprising a

plurality of symbols, each symbol being defined by phase

-8-
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differences between simultaneous carriers having
different frequencies. A phase difference between phases
of the same carrier in different symbols is determined.
Thereafter, a frequency offset is determined by
eliminating phase shift uncertainties related to the
transmitted information from the phase difference making
use of a M-PSK decision device. Finally, a feedback
correction of the carrier frequency deviation is
performed based on the determined frequency offset.
Alternatively, an averaged frequency offset can Dbe
determined by averaging determined frequency offsets of a
plurality of carriers. Then, the feedback correction of
the frequency deviation 1is performed based on the

averaged freguency offset.
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REMARKS

Claims 19-34 are pending. By the present Amendment, the specification has
been amended to overcome the objections thereto set forth in sections 2 and 3 of the
Office Action. Applicants note that the text references in sections 2 and 3 of the
Office Action correspond to the version of the application text filed with the PCT
Request on April 14, 1998. The page and line numbers used herein to refer to the
amended, replacement text, however, correspond to the substitute specification
submitted with the Preliminary Amendment on October 13, 2000.

In the Office Action, claims 19-34 are rejected under 35 U.S.C. § 102(e) as
being anticipated by U.S. Patent No. 6,219,333, to Ahn. Applicants respectfully
traverse this basis for rejecting the claims.

Applicants respectfully submit that the Ahn patent does not 'anticipate nor
render obvious the subject matter of the independent claims 19, 20, 27 and 28 of the
present application. The present application relates to a method and an apparatus for
performing a fine frequency synchronization of multi-carrier modulated signals in
which symbols are defined by phase differences between simultaneous carriers having
" different frequencies. This is recited in each of the independent claims 19, 20, 27 and
28 of the present application. Since, according to the invention, each symbol is
defined by phase differences between simultaneous carriers having different
frequencies, phase shift uncertainties related to the transmitted information have been
eliminated.

According to claims 19 and 20 of the present application, phase shift
uncertainties related to the transmitted information are eliminated from phase -
differences between phases of the same carrier in different symbols making use of a
M-PSK decision device. According to claims 27 and 28 of the present application,
respective phases of the same carrier in different symbols are determined, phase shift
uncertainties are eliminated from the determined phases in order to determine
respective phase deviations per claim 28, and a frequency offset is determined (e.g.,

by determining a phase difference between the phase deviations per claim 28).

-10-
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The Ahn patent relates to a system for synchronizing a carrier frequency of an
OFDM transmission system which uses one of the multiple carrier modulation
methods (see column 1, lines 25 to 27 of the Ahn patent). The Ahn patent is silent
regarding a differential coding in the direction of the frequency axis, that is, it is silent
regarding signals having symbols being defined by phase differences between
simultaneous carriers having different frequencies as defined in the independent
claims of the present application.

Moreover, according to the Ahn patent, for fine frequency synchronization, a
pilot signal is extracted from the carrier, a phase difference between the extracted pilot
signal and a previously extracted pilot signal which is delayed for a duration of one
symbol is calculated, and the prime part of the carrier frequency offset within a
predetermined frequency is corrected by controlling a gain of the calculated phase
difference (see column 2, lines 27 to 33 of the Ahn patent). The phase difference
between the pilot signals which are transmitted in the same subchannel between the
adjacent two symbols is proportional to the carrier frequency offset (see column 7,
lines 46 to 49 of the Ahn patent).

Thus, according to the Ahn patent, pilot signals are used for deriving a phase
difference based on which a carrier frequency offset is determined. Thus, it is not
necessary to eliminate any phase shift uncertainties related to the transmitted
information since pilot signals are not provided for transmitting information but have
properties which are known at the transmitter’s end and at the receiver’s end.
Accordingly, it is clear that the Ahn patent does not disclose or suggest an M-PSK
decision device as claimed since such a device is not necessary in the system
described in the Ahn patent. In particular, an M-PSK decision device is neither
anticipated nor suggested by the text passages cited in the subject Office Action.

In view of the above considerations, it is clear that the claimed subject matter
is not anticipated by the Ahn patent. Moreover, a man of ordinary skill would not take
into consideration making use of an M-PSK decision device in a system as described
in the Ahn patent which makes use of pilot signals for deriving frequency offsets, nor

the above-described means recited in claims 27 and 28. Thus, the claimed subject
-11-
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matter is also not suggested by the Ahn patent. Accordingly, withdrawal of the 35
U.S.C. § 102(e) rejection of the independent claims 19, 20, 27 and 28 and their
corresponding dependent claims 21-26 and 29-34 is respectfully requested.

Making use of information carrying symbols for determining a frequency
offset is advantageous when compared to the system taught by the Ahn patent since
additional pilot signals can be avoided. Thus, the available bandwidth can be utilized
more efficiently. Moreover, the transmitter and the receiver can be implemented with
a reduced complexity since pilot signals do not have to be generated at the
transmitter’s end and pilot signals do not have to be extracted at the receiver’s end.
Moreover, errors which are possible when extracting the pilot signals can be avoided
according to the invention. In addition, a system for synchronizing as taught by the
Ahn patent can be used only in connection with such signals which have pilot signals.
By constrast, the claimed invention allows more flexibility since it is not restricted to
such signals. '

In view of the above, it is believed that the application is in condition for
allowance and notice to this effect is respectfully requested. Should the Examiner
have any questions, the Examiner is invited to contact the undersigned at the
telephone number indicated below.

Respectfully Submitted,

P

Stacey J. Lo ker
Attomney for Applicant
Reg. No. 33,952

Roylance, Abrams, Berdo & Goodman, L.L.P.
1300 19" Street, N.W., Suite 600
Washington, D.C. 20036

(202) 659-9076

Datedt_m%’ 2004

-12-
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PATENT
41.001
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Inre Application of:
Ernst Eberlein et al.  Group At Unit: 2634

Serial No.: 09/673,270 : : Examiner: C. Ware
Filed: Naovember 29, 2000

For: METHOD AND APPARATUS FOR
FINE FREQUENCY SYNCHRONIZATION
IN MULTI-CARRIER DEMODULATION
SYSTEMS

sr By wr me v

AMENDMENT

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:
In response to the Office Action dated November 19, 2003, please amend the

above-captioned application as indicated on the following pages.
Amendments to the specification, including abstract, begin on page 2 herein.

Remarks begin on page 10 herein.
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PATENT Case Docket No.: 41001
in re Application of: :
Ernst Eherlein et al. ' : Group Art Unit: 2634
Serial No.: 09/673,270 . : Examiner: C. Ware
Filed: November 28, 2000
For: METHOD AND APPARATUS FOR FINE FREQUENCY

SYNCHRONIZATION IN MULTI-CARRIER

DEMODULATION SYSTEMS
COMMISSIONER FOR PATENTS
P.0. Box 1450
Alexandria, VA 22313-1450

Transmitted herewith is an Amendment in the above-identified application:

[C] Small entity status of this application under 37 C.F.R. § 1.9 and 1.27 has been established by a
verified statement previously submitted,

‘[T] - Averified statement to establish small entity ;stams under 37 C.F.R. § 1.9 and 1.27 is enclosed.

[C] No additiona fee Is required.

The fee has been calculated as shown below:

OTHER THAN A
CLAIMS C SMALL ENTITY SMALL ENTITY
REMAINING  HIGHEST NO. =
AFTER PREVIOUSLY  PRESENT ADDIT. ADDIT.
— AMENDMENT PAID FOR EXTRA  _RATE FEE RATE FEE
TOTAL - = X 9= § x18 = &
INDEP - = xX43= § xB6= §
FIRST PRESENTATION OF MULT. DEP. CLAIM +145= § +290 = §
f the dlfference in Gol. 7 is less than zero, enter "0" in Col. 2 TOTAL § TOTAL §
M| Appliwnt(s) petition(s) for an extension of month(s) to respond and submits herewith the fee
of § .
[C] Please charge my Deposit Account No. 18-2220 in the amount of $__ . A duplicate copy of this
sheet is attached.
D A check in the amount of § is attached.
@ The Commissioner is hereby authorized to charge payment of the following fees associated with this

communication or credit any overpayment to Deposit Account No. 18-2220. A duplicate copy of this
sheet is attached.

Any additional excess claim fees under 37 C.F.R. § 1.16.
Any additional patent application processing fees under 37 C.F.R. § 1.17.

Datea:_lﬁ_,ﬁ;hmmﬁ, 2004 py
tdcey

Roylance. Abrams, Berdo & Goodman, L.L.P. Attomey of Rego

1300 19" Street, N.W., Suite 600 Reg. No. 33,952

Washington, D.C. 20036

(202) 669-9076
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 OFEICHAL
1300 19" Street, N.W. — Suite 800

Washington, DC 20036 Roylance, Abrams,

(202) 659-9076 - Phone Berdo & Goodman,
(202) 650-9344- Facsimile )

@oo1

To: USPTO From:  Stacey Longanecker
Pz 703 872 9306 Pages: 14
Phones ' Date:  February 26, 2004

Amendment submitted for
Re!  gerial No, 09/673,270 refransmitted per  ©
Examiner Ware's telephone request

] Urgent &1 For Review O Please Comment [ Please Reply O Please Recycle

® Comments: Amendment originally submitted to USPTO on Feb. 1'9, 2004 but a portion of it was
apparently mislocated within the Patent Office.

CON TIC

The information contained In this facsimile is privieged and confidential information, Intended sclely for the usa of the individual(s)
indicated above. If you have received this communication 01 efror, please contact the sender immedlately at (202) 659-9076 and
ratum this facsimile lo the address above. Any use, dissemination, distribution, eopying or other use of tha information comained in
this communicalion by anyone other than the addressee s strictly prohibited.
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) ST PECIFICATION:

Please amend the paragraph beginning on lime 2 of page 8 as follows:

Figure 12 shows gcatter diagrams of the output of an
differential de-wmapper of [[a]] an MCM
receiver for illustrating the effect of an
echo phase offset correction;

Please amend the paragraph beginning on line 4 of page 12 as follows:

A second method of differential wapping is shown in
Figure 2B. The present invention is adapted for MCM
transmission system using the mapping- scheme shown in
Figure 2B. This mapping scheme is based on a differential
mapping inside one MCM symbol along the frequency axis. A
number of MCM symbols 200 [lis]] are shown in Figure 2B.
Bach MCM symbol 200 comprises a number of sub-carrier
aymbols 202. The arrows 204 in Figure 2B illustrate
information encoded between two sub-carrier symbols 202.
As c¢can be geen from the arrows 204, this mapping sgcheme
is based on a differential mapping within one MCM symbol
along the frequency axis direction.

Please amend the paragraph beginning on line 9 of page 18 as follows:

The output of the MCM demodulator 314 is also applied to
fine fregquency error detector 320. The fine frequency
error detector 320 produces [{an]l] a frequency error
signal from the output of the MCM demodulator. In the
depicted embodiment, the output of the £fine frequency
error detector 320 is applied to a numerical controlled
oscillator 322 via a loop filter 324. The loop filter 324

e
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is a low pass filter for filtering superimposed
interference portions of a higher frequency £from the
slowly varying error signal. The numerical controlled
oscillator 322 produces a carrier gsignal on the basis of
the filtered error signal. The carrier signal produced by
the numerical controlled oscillator 322 is used for a
frequency correction which is performed by making use of
a complex multiplier 326. The inputs to the complex
multiplier 326 are the output of the low pass filter and
decimator unit 312 and the output of the numerical
controlled oscillator 322.

Please amend the paragraph beginning on line 31 of page 18 as follows:

The fine frequency error detector 320 comprises a
differential détector in the time axis 330. The output of
the MCM demodulator 314, i.e. the FPT output (FFT = Fast.
Fou.;.-ier Transform) is applied to the input of the
'differential detector 330 which performs a differential
detection in the time axis in order to derive information
on a freguency offset from the same sub-carrier of two
subsequently arriving MCM symbols. In the embodiment
shown in Figuxe 7, the number of active sub-carriers is
432, Thus, the differential detector 330 perxforms a
correlation betweeﬁ the first and the 433xd sample. The
first sample is associated with MCM-symbol-1 (Figure S),
whereas the 433rd sample is associated with MCM-symbol-2
(Figure 5). However, both of these samples are associated
with the game sub-carrier.

Please amend the paragraph beginning on line 28 of page 19 as follows:

-3.
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The output Z, of the differential detector 330 contains
[[al) an M-fold uncertainty corresponding to codeable
phase shifts. In case of the QPSK mapping, this M-fold
uncertainty is a 4-fold uncertainty, i.e., in the o0°,
920°, 180° and 270°phase shifts. This phase shift
uncertainty is eliminated from the output 2Zx [making use

of al] by using an M-PSK decision device 340. Such

decision devices are known in the art and, thexefore,
[[havel] are not [[to bell described here in detail. The
output of the decision device 340 (5,) represents the
compiex conjugate of the codeable phase shift decided by
the dec¢ision device 340. This output of the decision
device 340 is correlated with the output of the
differential detector 330 by performing a complex
multiplication using a multiplier 342.

Please amend the paragraph beginning on line 5 of page 20 as follows:

The output the multiplier 342 represents the phase offset
for the respective sub-carriers. [([Thisl] 7The phase
offsets for the respective sub-carriers are averaged over
one MCM symbol in an averaging unit 344 in accordance
with a preferred embodiment of the present invention. The
output of the averaging units 344 represeht the output of
the fine frequency error detector 320.

Please amend the paragraph beginning on line 24 of page 21 as follows:

As degcribed above, the frame/timing synchronization unit
uses the amplitude-modulated sequence in the received
signal in order to extract the framing information from
the MCM signal and further to remove the guard intervals

w4
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therefrom. After the frame/timing synchronization unit
360 it follows a coarse frequency synchronization unit
362 which estimates a coarse freguency offset based on
the amplitude-modulated sequence of the reference symbol
of the MCM signal . In the coarse frequency
synchronization unit 362, a frequency offset of the
carrier frequency with respect to the oscillator
frequency in the MCM receiver is determined in [[oder]]
order to perform a frequency offset correction in a block
364. This frequency offset correction in block 364 1is
performed by a complex multiplication.

Please amend the paragraph beginning on line 9 of page 26 as follows:

In case of a channel with strong reflections, for example
due to a high buiiding density, the correlations
described above might be insufficient for obtaining a
suitable coarse frequency synchronization. Therefore, in
accordance with a third embodiment of the present
invention, corresponding values of the two portions
(i.e., which are correlated in accordance with a second
embodiment) [, can be weighting] can be weighted with

corresponding values of stored predetermined reference
patterns correasponding to said two identical secquences of
the reference symbol. This weighting can maximize the .
probability of correctly determining the frequency
offset. The mathematical description of this weighting is
as follows:

Please amend the paragraph beginning on line 13 of page 27 as follows:

Systematic phase shifts stemming from echoes in multipath
environments may occur between subcarxiers in the same
MCM symbol. [[This]]These phase offsetas can cause bit

5.
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errors when demodulating the MCM symbol at the receiver.
Thus, it is preferred to make use of an algorithm to
correct the systematic phase shifts stemming from echoes

in multipath environments.

Please amend the paragraph beginning on line 20 of page 27 as follows:

fn Figure 12, scatter diagrams at the output of a

differential demapper of [[al]] an MCM receiver are shown. .
As can be seen from the left part of Figure 12,

systematic phase shifts between subcarriers in the same

MCM symbol causge a rotation of the demodulated phase

shifts with respect to the axis of the complex coordinate

system. In the right part of Figure 12, the demodulated
rhase shifts after having perfofmed an echo phase offget

correction are depicted. Now, the pesitions of the signal

points are substantially on the axis of the complex
coordinate system. These positions correspond to the

modulated phase shifts of 0°, 90°, 180° and 270°,

respectively.

Please amend the paragraph beginning on line 38 of page 27 as follows:

For illustration purposes, one may think of the simplest
algorithm possible which eliminates the symbol phase
before computing the mean of all phases of the
subcarriers. To illustrate the effect of such an EPOC
algorithm, reference is made to the two scatter diagrams
of [[subcarriers]] subcarrier symbols contained in one
MCM symbol in Figure 12. [[Thisl] These scatter diagrams
have been obtained as result of an MCM simulation. For
the simulation, a channel has been used which might
typically show up in single frequency networks. The
echoes of thisg channel stretched to the limits of the MCM

6~
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guard interval. The guard interval was chogen to be 25%
of the MCM symbol duration in this case.

Please amend the paragraph beginning on line 13 of page 28 as follows:

Figure 13 represents a block diagram for illustrating the
position and the functionality of an echo phase offset
correction device in [{al] an MCM receiver. The signal of
a MCM transmitter is transmitted through the channel 122
(Pigures 1 and 13) and received at the receiver frontend
135 of the MCM receiver. The signall proceassing between
the receiver frontend and the fast Fourier transformator
140 has been omitted in Figure 13. The output of the fast
Fourier transformator is applied to the de-mapperx, which
performs a differential de-mapping along the frequency
axis. The output of the de-mapper -are the respective
phase shifts for the subcarriers. The phase offsets of
[{this]] these phase shifts, which are caused by echoes
in multipath environments, are [[visualized]] illustrated

by [[a]l]l block 400 in Figure 13, which shows an example
of a scatter diagram of the subcarrier gsymbolg without an -
echo phase offset correction.

Please amend the paragraph beginning on line 2 of page 29 as follows:

A first embodiment of an EPOC algorithm and a device for
performing the same is now described referring to Figure
14, '

Please amend the paragraph beginning on line 19 of page 36 as follows:
The two ploteg in Figure 15 show the projection of the

EPOC algorithm of the second embodiment for one quadrant

-
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of the complex plane. Depicted here is the quadratic grid
in the sector |axg(z) < #/4 and the straight line
y =f(x)=a+b.x with a = -1.0 and b = 0.5 (dotted
line). In case of a noise-free channel, all received
symbols will 1lie on this straight 1line if 1+4j0 was
[{send]]lsent. The circle shown in the plots determines
the boarder line for the two cases of Equation 40. In the
left part, Figqure 15 shows the situation before the
projection, in the right part, Figure 15 shows the
situation after applying the projection algorithm. By
looking on the left part, one can see, that the straight
line now lies on the real axis with 2+j0 being the fix
point of the projection. Therefore, it can be concluded
that the echo phase offset correction algorithm according
to the second embodiment fulfills the design goal.

Please amend the paragraph beginning on line 16 of page 38 as follows:

Besides the two EPOC algorithms explained in the above
gsection, different algorithms can be designed that will,
however, most likely exhibit a higher degree of
computational complexity.

Please amend the “Abstract of the Disclosure” section of the specification following
the claims as follows:

A method and an apparatus [relate]l relating to a fine
frequency synchronization compensating for a carrier
frequency deviation from an oscillator £frecuency in a
multi-carrier demodulation system of the type capable of.
carrying out a differential phase decoding of multi-
carrier modulated signals, the signals comprising a

plurality of symbols, each symbol being defined by phase

8-
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differences between simultaneous carriers having
different frequencies. A phase difference between phases
of the same carriexr in different symbols is determined.
Thareafter, a frequency offset is determined by
eliminating phase shift uncertainties related to the
transmitted information from the phase difference making
uge of a M-PSK decision device. Finally, a feedback
correction of the carriex frequency deviation is
performed based on the determined frequency offset.
Alternatively, an averaged frequency offset c¢can be
determined by averaging determined frequency offsets of a
plurality of carrier.é. Then, the feedback correction of
the frequency deviation i1is performed based on the
averaged frequency offset.
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REMARKS

Claims 19-34 are pending. By the present Amendment, the specification has
been amended to overcome the objections thereto set forth in sadtions 2 and 3 of the
Office Action. Applicants note that the text references in sections 2 and 3 of the
Office Action coﬁ‘espond to the version of the application text filed with the PCT
Request on April 14, 1998. The page and line numbers used herein to refer to the -
amended, replacement text, however, correspond to the substitute specification
submitted with the Preliminary Amendment on October 13, 2000.

' In the Office Action, claims 19-34 are rejected under 35 U.S.C. § 102(e) as
“being anticipated by U.S. Patent No. 6,219,333, to Ahn. Applicants respectfully
traverse this basis for rejecting the claims.

Applicants respectfully submit that the Ahn patent does not anticipate nor
render obvious the subject matter of the independent claims 19, 20, 27 and 28 of the
present application. The present application relates to a method and an apparatus for
performing a fine frequency synchronization of multi-carrier modulated signals in
which symbols are defined by phase differences between simultaneous carriers having
different frequencies. This is recited in each of the independent claims 19, 20, 27 and
28 of the present application. Since, according to the invention, each symbol is
defined by phase differences between simultaneons carriers having different
frequencies, phase shifi uncertainties related to the transmitted information have been
eliminated.

According to claims 19 and 20 of the present application, phase shift
uncertainties related to the transmitted information are eliminated from phase
differences between phases of the same carrier in different symbols making use of a
M-PSK decision device. According to claims 27 and 28 of the present application,
respective phases of the same carrier in different symbols are determined, phase shift
uncertainties are eliminated from the determined phases in order to determine
reépectivc phase deviations per claim 28, and a frequency offset is determined (e.g.,

by determining a phase difference between the phase deviations per claim 28).

-10-
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The Ahn patent relates to a system for synchronizing a carrier frequency of an
OFDM transmission system which uses one of the multiple carrier modulation
methods (see column 1, lines 25 to 27 of the Ahn patent). The Ahn patent is silent
regarding a differential coding in the direction of the frequency axis, that is, it is silent
regarding signals having symbols being defined by phase differences between
simultaneous carriers having different frequencies as defined in the independent
claims of the present application.

Moreover, according to the Ahn patent, for fine frequency synchronization, a
pilot signal is extracted from the carrier, a phase difference between the extracted pilot

~signal and a previously extracted pilot signal which is delayed for a duration of one
symbol is calculated, and the prirne part of the carrier frequency offset within a
predetermined frequency is corrected by controlling a gain of the calculated phase
difference (see column 2, lines 27 to 33 of the Ahn patent). The phase difference
between the pilot signals which are transmitted in the same subchannel between the
adjacent two symbols is proportional to the carrier frequency offset (see column 7,
lines 46 to 49 of the Abn patent). '

Thus, according to the Ahn patent, pilot signals are used for deriving a phase
difference based on which a carrier frequency offset is determined. Thus, it is not
necessary to eliminate any phase shift uncertainties related to the transmitted
information since pilot signals are not provided for transmitting information but bave
properties which are known at the transmitter’s end and at the receiver’s end.
Accordingly, it is clear that the Ahn patent does not disclose or suggest an M-PSK
decision device as claimed since such a device is not necessary in the system
described in the Ahn patent. In particular, an M-PSK decision device is neither
anticipated nor suggested by the text passages cited in the subject Office Action.

In view of the above considerations, it is clear that the claimed subject matter
is not anticipated by the Ahn patent. Moreover, a man of ordinary skill would not take
into consideration making use of an M-PSK decision device in a system as described
in the Ahn patent which makes use of pilot signals for deriving frequency offsets, nor

the above-described means recited in claims 27 and 28. Thus, the claimed subject

-11-
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matter is also not suggested by the Ahn patent. Accordingly, withdrawal of the 35
U.S.C. § 102(e) rejection of the independent claims 19, 20, 27 and 28 and their
corresponding dependent claims 21-26 and 29-34 is respectfully requested.

Making use of information carrying symbols for determining a frequency
offset is advantageous when compared to the system taught by the Ahn patent since
additional pilot signals can be avoided. Thus, the available bandwidth can be utilized
more efficiently. Moreover, the transmitter and the receiver can be implemented with
a reduced complexity since pilot signals do not have to be generated at the
transmitter’s end and pilot signals do not have to be extracted at the receiver’s end.
Moreover, errors which are possible when extracting the pilot siguals can be avoided
according to the invention. In addition, a system for synchronizing as taught by the
Ahn patent can be used only in connection with such signals which have pilot signals.
By constrast, the claimed inveption allows more flexibility since it is not restricted to

" such signals.

In view of the above, it is believed that the application is in condition for
allowance and notice to this effect is respectfully requested. Should the Examiner
have any questions, the Examiner is invited to contact the undersigned at the
telephone number indicated below.,

Respectfully Submitted,

b

Stacey J. Lo ker
Attorney for Applicant
Reg. No. 33,952

Roylance, Abrams, Berdo & Goodman, L.L.P.
1300 197 Street, N.W., Suite 600
‘Washington, D.C. 20036

(202) 659-9076

Dued:.uiLMAj, 2004

]2
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Notice of Non-Compliant Amendment (37 CFR 1.121)

The amendment document filed on | /7 017{ is considered non-compliant because it has failed to meet the requirements of 37
CFR 1.121, as amended on June 30, 2003 (see 68 Fed. Reg. 38611, Jun. 30, 2003). In order for the amendment document to be
compliant, correction of the following omission(s) or provision is required. Only the section (1.121(h)) of the amendment
document containing the omission or non-compliant provision must be resubmitted (in its entirety), e.g., the entire
“Amendments to the claims” section of applicant’s amendment document must be re-submitted.

THE FOLLOWING CHECKED (X) ELEMENTS(S) CAUSE THE AMENDMENT DOCUMENT TO BE NON-COMPLIANT:
1. Amendments to the specification: '
O A. Amended paragraph(s) do not include markings.

0 Eﬁiirpﬂfii';}" h(s)sﬂﬂgﬁﬁﬁﬁ ““ﬁiqiqr!énscd /4/1// LINES Aoﬁé// T ('/fodéla’r WITH T
O 2 Abstract specificatisy

O A. Not-presented on a separate sheet. 37 CFR 1.72.
O B. Other

3. Amendments to the drawings:

4. Amendments to the claims:

0 A. A complete listing of all of the claims is not present. -

O B. The listing of claims does not include the text of all claims (incl. \Vlthdrawn claims)

O C. Each claim has not been provided with the proper status identifier, and as such, the individual status of each claim
cannot be identified.

| D. The claims of this amendment paper have not been presented in ascending numerical order.

E. Other:

a

For further explanation of the amendment format required by 37 CFR 1.121, see MPEP Sec. 714 and the USPTO website at
http://www.uspto.gov/web/offices/pac/dapp/opla/preognotice/officeflyer.pdf . ’

If the non-compliant amendment is a PRELIMINARY AMENDMENT, applicant is given ONE MONTH from the mail date of
this letter to supply the corrected section which complies with 37 CFR 1.121. Failure to comply with 37 CFR 1.121 will result in
non-entry of the preliminary amendment and examination on the merits will commence without consideration of the proposed
changes in the preliminary amendment(s). Tlus notice is not an action under 35 U.S.C. 132, and this ONE MONTH time limit is
not extendable.

If the non-compliant amendment is a reply to a NON-FINAL OFFICE ACTION, and since the amendment appears to be a bona
fide attempt to be a reply (37 CFR 1.135(c)), applicant is given a TIME PERIOD of ONE MONTH from the mailing of this notice
within which to re-submit the corrected section which complies with 37 CFR 1.121 in order to avoid abandonment. EXTENSIONS
OF THIS TIME PERIOD ARE AVAILABLE UNDER 37 CFR 1.136(a).

If the amendment is a reply to a FINAL REJECTION, this form may be an attachment to an Advisory Action. The period for
response to a final rejection continues to run from the date set in the final rejection, and is not affected by the non-compliant

f the ndment.
t r

Wi

Legal Iystruments Examiner (LIE)

July 22,2003 (tev.). - o . Fraunhofer Ex 2018-149
' ~ ' Sirius XM v Fraunhofer, IPR2018 00681
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FREQUENCY AND PHASE LOCK LOOP WITH
SEPARATED AFC AND PHASE LOCKING

BACKGROUND OF THE INVENTION

This invention relates generally to signal acquisition
and lock-on systems, and more particularly to a fre-
quency and phase Tock loop system for receiving' RF
signals.

A phase lock loop (PLL) is a feed back system typi-
cally comprising a phase detector or phase comparator,
a PLL filter, and a voltage controlled oscillator (VCO).
The VCO output signal is applied to one input terminal
of a phase or frequency comparator, with an input refer-
ence signal being provided to the other input terminal of
the phase or frequency comparator. The comparator
generates an error signal, in response to phase or fre-

5

—

0

—
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quency differences between the VCO output signal and -

the reference signal. The error signal is applied to the
PLL filter, the output signals of this filter being, in turn,
applied to the control input of the VCO. By means of
this feedback system the oscillator frequency ap-
proaches more closely and eventually locks onto the
phase of the reference input signal by virtue of. the cor-
-rection signal fed back to the VCO.

The typical PLL has two modes of operation: signal
acqmsntxon, or frequency pull-in, and phase lock. In the
acquisition mode the VCO's frequency is not equal to
the -input signal frequency and the loop generates a
voltage which-pulls the VCO frequency toward the

“input signal’s frequency until it locks. The level of this
stage of performance of the PLL is measured in terms of
the maximum frequency acquisition range and the time

] requxred for signal pull-in.. The second mode of PLL
operation'is termed phase lock which.occurs when the

‘'VCO frequency and the ‘input signal frequency are
equal. Phase lock mode of operation is measured, or

‘evaluated, in terms of PLL performance in the presence

of noise. PLL performance in the presence of noise is’
determined by the closed loop noise bandwidth. In.-

creased closed loop noise bandwidth results in increased
PLL susceptibility to noise perturbation. To increase
the PLL's frequency acquisition range, the cutoff fre-

.'quency of the 16w pass loop filter is increased. How-
ever, this has the simultaneous undesirable effect of
increasing the closed loop noise bandwidth thus-de-
creasing PLL performance in the phase lock mode of
operation, Thus; in prior art PLL:systems g compromise
‘between. acqulsmon range and loop noise performance
‘was required in optumzmg PLL performance m a par-
ticular application.

Various approaches generally classified as either mul--

" tiple loop systems or multiple mode systems have been
proposed to improve performance ‘of PLL systems.
Quadricorrelators, swept or dithered V.CO systems and
frequedcy phase lock loops with frequency difference
discriminators are some examples. These systems fre-

25
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output of the VCO to the multiplier combination thus
producing a pair of quadrature phase related beat sig-
nals together with sum signals. The sum signals are
filtered out while the beat signal output of one multi-
plier is coupled to one input of a third multiplier with
the quadrature beat signal of the other multiplier con-
verted by limiter circuitry and a-low pass filter to a
constant amplitude signal which is provided to the
other input terminal of the third multiplier. With the
low pass filter possessing a predetermined phase versus
frequency characteristic, the filter (and also the limiter)
output signal undergoes a phase delay which is a func-
tion of the signal frequency. Multiplication of the
squared output signal of the limiter and the sinusoidal-
like beat signal output of the first multiplier produces an
error signal of constaat amplitude having a DC compo-
nent which varies with beat signal frequency. This DC
component is then filtered and fed back to the VCO
permitting input signal acquisition and normal phase
lock operation when the frequencies of the VCO and
the input signal are equal resulting in a DC output volt-
age signal from the limiter. This system represents a
substantial improvement in automatic phase and fre-
quency control systems in that substantial independence
between signal acquisition and phase lock parameters is
achieved.

. While a large signal acquisition range and stable
phase lock loop operation is attainable in the automatic
phase and frequency control system described and
claimed in the referenced patent, the degree to which
independent control over the frequency acquisition and
loop noise performance can be exercised is limited. The
feedback signal in this system includes AC components
which include barmonics of the beat frequency. As the
difference frequency between the input and VCO sig-
nals become smaller, the AC loop gain increases with
these harmonics increasing in strength. Not only. do
these beat frequency harmonics increase in amplitude
thus producing unwanted sidebands around the VCO
center frequency, but the fundamental beat frequency is
lost from the VCO control signal. The absence of the
fundamental beat frequency is due to.the “chopping” -
effect of the frequency loop multiplier on the beat note
signal and limits PLL performance. More specifically,
the restriction on the independent control of frequency
acquisition and PLL. parameters results in the require-
‘ment that the residual frequency error of the frequency

. acquisition part of the system must be less than the

50

lock-in range of the PLL in order for phase lock to
occur within one beat cycle.
These and other problems experienced in the above-

" discussed Citta patent are eliminated in the present in-

55

quently do not lend themselves to integration, are often

burdened with transitory discontinuities when changing
modes, and do not fulty achieve the goal of independent
control over frequency m:quxsman and PLL perfor-
mance characteristics.

A’ specific approach ‘to_improving "FPLL perfor-.

.mance is disclosed in U.S. Pat. No. 4,072;909 to Citta * -

which discloses an automative phase and frequency
control system. Briefly, this system includes two multi-

pliers coupled to ‘the input; or received, signal and to .

quadrature phasé shifting: means for phase shifting the

05/23/2004, EAST Ver‘s1 on:

vention which is not only capable of being implemented
as an IC, but also is capable of improved signal pull-in
range and possesses an infinite figure of merit. This is
accomplished by the total separation of acquisition and
phase lock functions in the frequency and phase lock
loop with separated AFC and phase-lockirxg of the
present invention.

" OBJECTS OF THE INVENTION

Accordingly, it is an object of the present invention

to provide an improved system for acquiring and lock-
ing on to a transmitted RF signal.

Another object of the present invention is to provide
an improved signal acquxsxtlon and lock-on system wnh
enhanced stgnal pull-in range.

Fraunhofer Ex 2018-156
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Still another: object of the present invention is to
provide an improved frequency and phase lock loop
system for acqumng and lockmg on to a transmitted RF
signal.

Still another object of the present mventlon is to
provide an improved frequency and phase lock loop
system in which AFC and-PLL functions are carried
out completely independently. .

A further object of the prcsent mvmtxon is to provxde
an improved frequency and phase lock loop. system
t(:la,pable of being produced in a single integrated circuit

O L S
A still further object of the present invention is to
‘provide an improved frequency and phase lock loop
system in which signal acquisition and pull-in ranges are
independent and may be established separately.

' BRIEF DESCRIPTION OF THE DRAWINGS

The appended claims set for;h those.novcl features
believed characteristic of the invention. However, the
invention itself, as well as further objects and advan-
tages thereof will best be understood by reference to the
‘following detailed description of a preferred embodi-
ment taken in conjunction with the accompanying
drawings, where like reference characters identify like
elements throughout the various figures, in which:

FIG. 1 is a simplified block diagram of one embodi-
ment of a frequency and phase lock loop system with
separated AFC and phase locking in accordance with
the present inverition;

'FIG. 2 is a simplified block dmgram of another em-
bodiment of a frequency and phase lock loop system

- with separated AFC and phase lockmg in accordance
with the present invention;
. FIGS. 3A-3G and 4A—4G show wave e forms of sig-
nals at various points within the present invention as
shown in FIG. 1 for fi>f, and for fi<f,, respectively,
where f;is the input signal frequency and f, is the open
loop oscillator signal frequency; and
FIGS. 5A-5H show the frequency spectrum of sig-
nals at various points in the frequency and phase lock
loop system with separated AFC and phase locking in
accordance with the present invention.

. DESCRIPTION OF THE PREFERRED
. .EMBODIMENTS
.- - A frequency and phase lock loop system with sepa-
. rated AFC and phase locking in-accordance with the
_present invention is shown in FIG. 1. An input signal
with a frequency fiis coupled to a pair of multipliers 10
and 11. Input stage 9 is comprised of any of the more
conventional components typically included in the

". front end of an RF receiver. For example, included in

.input stage 9 would be an antenna, a received signal
amplifier, a tuner; a miixer, and an IF: amplifier. The

—
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input terminal of voltage control oscillator 16 the out-
put of which is a signal wnh an’ open loop output fre-
quency fo. :
With the exception of ﬁlter 13 and hmlter 14 the
components of the preferred embodiment of the fre-

‘quency and phase lock loop system with separated AFC

and phase locking as shown in FIG. 1 do not require a
detailed explanauon Details of filter 13 and limiter 14
utilized in the preferred embodiment of this invention
can be found.in U.S, Pat. No. 4,072,909 to Citta. How-
ever, it should be obvious that numerous filter and lim-
iter circuits which perform the functions described later

. can be used without departing from the spirit of the
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present invention. The operation. of the frequency and
phase control system 8 shown.in FIG. 1 is best under-
stood if discussed in conjunction with FIGS. 3A
through 3G and FIGS. 4A through 4G. 1t is to be noted
here that FIGS. 3A-3G and 4A-4G show the situation
resulting in a maximum error signal for a 90° phase shift
occurring in filter 13. This is done simply for illustrative
purposes. Signal multipliers 10 and 11 in response to the
input signal f; and quadrature sample of the output of
VCO 16 produce a pair of quadrature phase related
frequency difference signal together with sum signals
which are removed by filters 13 and 15. While these
quadrature beat signals are obtained by inducing a phase
shift in an oscillator output it should be obvious that any
phase shift in either the oscillator or input signals may
be used to produce quadrature beat signals without
departing from the spirit of the present invention. The
beat signal output of multiplier 10 is directly coupled to
one input of multiplier 12 while the quadrature beat

.signal from multiplier 11 is converted by limiter circuit

14 and low pass filter 13 to a constant amplitude signal.
With low pass filter 13 possessing a predetermined

. phase versus frequency characteristic, the phase delay

which occurs within filter 13 (and therefore the phase of
the output signal of limiter 14) isa functxon of the differ-

. ence frequency.

40

45

Multiplication of the “squarcd" output sngnal of lim-
iter 14 and the beat signal output of multiplier 10 pro-
duces an error signal having a DC component which
varies with the beat signal of FIG. 3A. This error signal
is provided by multiplier 12 to low pass filter 18 which
converts the full wave rectified signal to a DC voltage
which is applied to one input of adder 19. Full wave

“rectification occurs only for. the case where a 90° phase
. shift occurs in LPF 13. To the other input of adder 19 is
.provided the beat signal output of multiplier 10. Signal

adder 19 has the effect of providing the DC level of the
AFC loop from multiplier 12 to the beat note frequency

- of phase lock loop multiplier 10. This permits the DC

output signal f, of a voltage control oscillator (VCO) 16 -

is coupled to the rémaining input terminals of multipli-
ers 10 and 11. A 90° phase shift network 17 is provided
between oscillator 16 and multiplier 11. The output of
multiplier 10 is coupled to one input of a multiplier 12
while the output of mult1plxer 11 is coupled to a low
- pass filter 13 which in turn is coupled to a symmetrical
limiter 14. The output of limiter 14 is coupled to the
remaining input terminal of multiplier 12. The output of
multiplier 12 is coupled via a low pass filter.18 to a
signal adder 'with the output of multiplier 10 provided
to the other input terminal of adder 19. The output of
adder 19 is coupled via a low pass filter 15 to the control
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60

"level acquisition signal to be .added to the beat note

phase locking signal.to provide a correction signal to
VCO 16 having acquisition and phase locking charac-
teristics which are completely independent. The output
of adder 19 is coupled by filter 15 to VCO 16 to produce
both signal acquisition and phase lock of the input sig-
nal. Once the VCO. frequency f, and the input signal
frequency f; are equal, the output of limiter 14 becomes
a DC voltage while the output of phase detector multi-

. plier 10 maintains phase lock with its output signal

being a function of the phase difference between the

" input signal and thc»VCO'output signal.

65

A more detailed description of the operation of the

present invention is provided by reference to the block

diagram of FIG. 1 in. combination-with the signal wave-
forms shown in FIGS. 3A-3G- and:FIGS. 4A-4G. For
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convenience the individual curves of the figures will be
referred to by the figure number in conjunction with the
letter of the curve. In addition, the location of the signal
waveform of each of the curves is shown by a corre-
sponding letter in the block diagram of FIG. 1 of the
frequency and phase lock loop system with separated
AFC and phase locking of the present invention. F1GS.
3A-3G depict the signals present within the circuit
during acquisition when the input signal, f;, is at a higher
frequency than the output signal, f,, of VCO 16. FIGS.

'4A-4G depict the signals present within the circuit

during acquisition when the output-signal, f,, of VCO
16 is at a higher frequency than the input signal, f;. As
can be seen from a brief review of the respective figures,
this relative difference in frequency results in 180° phase
differences and change in sign between the waveforms
at various locations in the system for each of the enu-
merated conditions. Because the principles involved in
the basic operation of the system remain the same for
both frequency conditions, only FIGS. 3A-3G will be
described in detail with that discussion equally applica-
ble to the opposite condition of fi<fo -

The beat signal outputs of multipliers 10 and 11 are
shown in FIGS. 3A and 3B, respectively. It should be
noted that a quadrature relationship exists in which the
output of multiplier 11 leads that of multiplier 10 by 90°.
The signal shown in FIG. 3A is coupled directly to one
input of multiplier 12 and that shown in FIG. 3B is
applied to low pass filter 13. The output of filter 13,
presented in FIG. 3C, shows a 90° lagging phase shift to
have occurred within the filter. Similarly, as can be seen
in FIG. 4C, because f; is less than f, the phase of the
output signal of multipler 10 leads the phase of the
signal provided to filter 13 by frequency loop multiplier
11. Limiter 14 converts the phase shifted sinusoidal beat
signal of FIG. 3C to a substantially amplitude limited
periodic signal having the same phase as the waveform
in FIG. 3C as depicted in FIG. 3D.

Because fi>> fyand there is a 90° phase shift lag caused
by low pass filter 13, the square wave of FIG. 3D is in

- phase with the beat signal output of phase lock multi-

plier 10 shown in FIG. 3A. This phase relationship is
due to the phase shift produced by the frequency-

.dependent phase shift characteristics of low pass filter

13. The conditions shown are of special interest because

.they represent the maximum error voltage output of the

system. The frequency corresponding to this -phase
condition is determined by the phase shift characteris-
tics of filter 13 and is largely a matter of design choice.

The application of the square wave signal shown in
FIG. 3D and the sinusoidal beat signal of FIG. 3A to
the inputs of muitiplier 12 produces an output signal
which is essentially the full wave rectification of the
beat signal in FIG. 3A. This waveform, which is shown
in F1G. 3E, is then filtered by low pass filter 18 to pro-
vide the waveform shown in FIG. 3F which is essen-
tially a DC voltage. The DC voltage signal shown in
FIG. 3F is then applied to one input terminal of signal
adder 19 while to the other input terminal of adder 19 is
applied the phase lock loop beat signal output of multi-
plier 10. The resultant signal is shown in FIG. 3G in
which a sinusoidal variation bas been imposed on 2 DC
level signal. The result is that a periodic signal superim-

posed ‘upon @ DC level is provided to-VCO 16. This

control'signal thus includes a large DC level for signal
acquisition and a sinusoidal beat signal variation neces-
sary for signal phase lock. This input signal provided to
VCO 16 is in contrast to the control signal of the refer-

-
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enced Citta patent in which the sinusoidal beat fre-
quency is “chopped” by the action of the limiter output
signal on the beat signal output of the phase lock multi-
plier. This signal “chopping’ results in a loss of the
fundamental beat frequency from the output of the
phase lock multiplier which limits the Citta system’s
phase locking capability to the extent the residual fre-
quency error of the AFC has to be less than the lock-in
range of the PLL, By retaining the fundamental beat

0 frequency and superimposing it upon the DC signal

acquisition level, the present invention provides the
phase lock loop with the capability to pull the signal in
from its full frequency acquisition range.

Thus, in. the present invention the fundamental beat
frequency at multiplier 10 is passed to adder 19 and
transmitted to VCO 16 producing a sideband which is
coherent with the input frequency fo. This sideband
output of VCO 16 is, in turn, provided to multiplier 10
which produces a DC component at the output of mul-

20 tiplier 10 which results in the continuation of the fre-

quency acquisition process until phase lock occurs. The
PLL portion of the present invention assists frequency
acquisition by pulling the VCO during and/or after the
AFC portion has pulled it to within its finite residual

25 frequency error. The output of muitiplier 12 is filtered

by low pass filter 18 and provided to signal adder 19
where it is combined with the beat signal output of
phase lock multiplier 10. The resultant waveform is
shown in FIG. 3G and it is this signal which is provided

30 to low pass filter 15 in order to produce a DC voltage

and the fundamental of the low frequency beat signal
suitable for application to the control circuitry within
VCO 16. ’

-FIGS. 4A-4G show a set of curves similar to those

35 shown in FIGS. 3A-3G but depicting system perfor-

mance when the reference frequency is less than that of
VCO 16 under maximum error voltage conditions. As
expected, system operation remains essentially the
same. The primary difference is in the quadrature rela-

40 tionship between the outputs of multipliers 10 and 11

which is reversed to that shown in FIGS. 3A and 3B.
The waveforms presented in FIGS. 4A-4G indicate
that when the oscillator frequency is greater than that
of the input signal, the beat signal produced by a pair of

45 quadrature multipliers is 180" out of phase with the beat

signal produced when the frequency relationships are
reversed.

Because low pass filter 13 responds only to the fre-
quency of the beat signal and does not respond to the

S0 relationship between beat signals, low pass filter 13

again produces a lagging phase shift of 90° yielding the
signal shown in FIG. 4C. FIG. 4D shows the constant
amplitude signal in phase with that of FIG. 4C pro-
duced by the action of limiter 14. Due to the opposite

55 phase relationship between the beat signals of FIGS.

4A-4G and those of FIG. 3A-3G, the constant ampli-
tude signal (shown in FIG. 4D) is 180° out of phase with
the beat signal of FIG. 4A and signal multiplication in
multiplier 12 results in a similar, but reversed polarity,

60 full wave rectified output signal (shown in FIG. 4E)

which when filtered by low pass filter 18 produces the
negative voltage “maximum” shown in FIG. 4F. Again,
full wave rectification occurs here because of the 90°
phase difference between the input and outputs of low -
pass filter 13. The output of LPF18 is then provided to
one input of signal adder 19 to which is also provided
the beat signal output of phase lock multiplier 10 shown
in FIG. 4A to produce the periodic signal superimposed
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upon the voltage signal of FIG. 4G. This negative volt-
age represents the opposite maximum acquisition volt-
age of the system and possesses.a large DC component
for signal acquisition in combination with the funda-
mental beat frequency signal for phase locking,.

The frequency difference detection portion of the
system, or the AFC system, is'made up of frequency
difference multiplier 11, low pass filter 13, limiter 14,
signal multiplier 12, low pass filter 18, signal adder 19,
low pass filter 15, VCO 16, and quadrature phase shift-
ing circuit 17. The output of multiplier 12 is not dimin-
ished as frequency lock is obtained but rather becomes

.a very low frequency signal having a near 0 DC aver-

age. This facilitates the phase lock function of the pres-

.ent invention because the pomt to which the frequency

loop pulls. the signal to is now within the frequency
acquisition” range of the phase lock loop due to the
presence of the fundamental beat frequency in the con-
trol signal provided to VCO 16.

In the phase lock mode of operation the output sig-
nals of multipliers 10 and 11 become DC voltages por-
portional to the phase differences between their respec-
tive input signals. Since the signals applied to multiplier
10 are substantially in quadrature, a near 0 DC output
signal results while the in-phase inputs of multiplier 11
(due to the action of phase shifter 17) cause a near maxi-
mum positive or negative output voltage. The output of
multiplier 11 is passed by low pass filter 13 causing
limiter 14 to apply a positive or negative voltage to one
input of multiplier 12. The near 0 output voltage of
multiplier 10 is coupled directly to multiplier 12 which
couples it substantially unchanged via low pass filter 18
to signal adder 19. Thus, the actions of multiplier 11,
low pass filter 13, and signal limiter 14 produce no effect

.upon the error signal developed. by multiplier 10 once

acquisition,  as evidence by DC output signals from
multipliers 10 and 11, is obtained. Multiplier 10, signal
adder 19, low pass filter 15, and VCO 16 comprise the
phase lock loop portion of the present invention and
perform standard APC funcuons to maintain phase
synchronization.

In the present invention the error 'signal which re-
flects the difference in phase between the input signal
and the VCO 16.is provided by multiplier 10 directly to

* signal adder 19. The DC voltage level required for

signal acquisition from initial frequency errors greater
than the PLL pull-in range is provided to signal adder
19 via the AFC loop in which undesirable AC compo-

-nents-transmitted by frequency loop multiplier 11, LPF

13 and limiter 14 in conjunction with multiplier 12 are
extracted by low pass filter 18. This signal processing

. arrangement provides for the complete separation of
- frequency and phase locking functions with signal ac-

quisition performance established primarily by low pass

filter 13 and phase lock loop characteristics established
by low pass filter 15. The AC beat note is thus passed

" through adder 19 and low pass filter 15 directly to VCO

18. In addition, in the present system phase detector
multiplier 10 performs a multiple function in providing

‘an output signal which represents the phase difference

between the input and VCO signals after phase locking
occurs, while providing the beat note signal during

" signal acquisition to frequency multiplier 12 to generate
‘the DC level which.represents the frequency difference

between the input and VCO signals as well as providing
the fundamental of the beat note to adder 19 to further
aid in the frequency acquisition process.

—
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The present invention has thus far been described in
terms of using a £1 frequency loop, or baseband multi-
plier, 12. The operation of this-type of signal multiplier
is unrestricted as to the sign of both of the input vari-
ables. Thus, the waveforms of FIGS. 3A-3G and
4A-4G reflect the operating characteristics of a +1
baseband multiplier 12. The output of limiter 14 shown
in FIG. 3D therefore has both plus-and minus compo-
nents producing a full rectified waveform shown in
FIG. 3E as the output of multiplier 12 when combined
with the beat signal-output of phase lock multiplier 10.
FIGS. 4D and 4E similarily show the waveforms for a
system incorporating a =1 frequency loop multiplicr 12
for the case of fi<f,. By differentially weighting the
inputs to adder 19 two stable signal acquisition states are
possible. If the output of adder 19 depends equally upon
the phase loop signal and the frequency loop signal,
only one stable acquisition state is possible. In this man-

‘ner, the loop gains of the phase and frequency loop may

be independently varied.

The dotted waveforms shown in FIGS. 3D and 3E,
and 4D and 4E show the signal format at corresponding
points in the present invention' when a 0-1 baseband
balanced (i:e. single-balanced) multiplier 12 is utilized in
the present invention. FIG. 2 shows a simplified block
diagram of the present.invention when a 0~1 baseband
balanced multiplier 12 is used. Except for effecting
AFC loop gain and there being only one stable state, the
end result and system performance is unchanged
whether a =1 or 0-1 multiplier is émployed. The type
of frequency loop multiplier used effects the waveform
only at points D and E in the present invention and has
no influence on the correction signal provided to VCO
16. The use of a 0-1 frequency loop multiplier thus
represents another embodiment of ‘the present inven.
tion. The 0-1 multiplier is balanced for the input from
limiter 14 but not for the input from phase detector
multiplier 10 As the fundamental of the beat frequency

" is now in the feedback error signal, the pull-in mecha-

40

nism of the APC loop aides the pull-in of the"'AFC loop
and the system exhlblts an mcreased frequency pull-in
range.

Shown in FIGS. 5A-5H is the frequency spectrum at

' various points in the preferred embodiment of the fre-

45

quency and phase lock loop system with separated AFC
and phase locking, The incoming frequency f;is shown

.in ‘FIG. SA while the open loop VCO frequency f, is

' shown in FIG. 5§B. FIG. 5C shows the fundamental beat

;50

55

60

frequency Af of fo—f; The open loop beat frequency
spectrum at point D is shown in FIG. §D. This repre-
sents the output of ideal limiter 14 to baseband multi-
plier 12. Only odd harmonics of the beat frequency are
present here. The open loop beat frequency spectrum at
point E, or at the output of baseband multiplier 12, is
shown in FIG. SE. This represents the frequency spec-
trum of the fundamental beat frequency multiplied by

- the output of limiter 14. The fundamental of the original

beat frequency is absent here. The open loop beat fre-
quency at.point F, following passage of the signal
through low pass filter 18, is shown in FIG. 5F and
consists essentially of a DC signal provided to signal
adder 19. This DC signal represents the frequency ac-

. quisition component of the correction signal provided

65

to VCO 16. Adder 19 combines the output of phase
detector multiplier 10 and low pass filter 18 to produce
the frequency spectrum shown in FIG. 5G. It can be

-seen-that the spectrum includes:not only the fundamen-
-tal beat frequency Af but.also a: DC frequency acquisi-
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tion component. FIG. SH shows the initial closed loop
VCO spectrum from which it can be seen that a DC
component will be generated at the output of multiplier
10 due to the presence of a spectral component at f; at
both of its inputs. The generation of this DC signal is
due to the presence of the fundamental beat frequency
Af in the open loop beat frequency signal provided by
signal adder 19 to VCO 16. The referenced prior art
Citta patent provides a correction signal to the VCO
which consists of the frequency spectrum shown in
FIG. SF. 1t can be seen that the fundamental beat fre-
quency Af is absent from this output signal and because
of the absence of the fundamental beat frequency the
initial closed loop VCO spectrum of the Citta system
also is without a Af component and a DC correction
signal for VCO 16. Consequently, the spectrum in the
Citta systemn lacks a component at f; and, without the
fundamental beat frequency present in the feedback
loop, the output of multiplier 10 is without a DC correc-
tion signal for VCO 16. The absence of the fundamental
beat frequency component is due to the chopping effect
of the frequency loop multiplier in the Citta system and
results in an AC signal feedback to the VCO which
limits system phase lock performance due to instabilities
caused by the AC feedback signal. _

There has thus been shown a frequency and phase
lock loop system and method with separated AFC and
phase locking which provides for the independent es-
tablishment of signal acquisition range and close loop
bandwidth performance parameters. This system and
method also offers increased signal acquisition range
and the advantages of an integrated circuit design.

While particular embodiments of the invention have
been shown and described, it will be obvious to those
skilled in the art that changes and modifications may be
made without departing from the invention in its
broader aspects and, therefore, the aim in the appended
claims is to cover all such changes and modifications as
fall within the true spirit and scope of the invention.

05/23/2004, EAST YorSiSM

5

—

20

25

35

40

435

- 50

55

65

10
The matter set forth in the foregoing description and
accompanying drawings is offered by way of illustra-
tion only and not as a limitation. The actual scope of the
invention is intended to be defined in the following
claims when viewed in their proper perspective against
the prior art.

We claim:

1. An automatic phase and frequency control system
for producing phase and frequency synchronization
between a locally generated signal and an input signal
comprising;

voltage controlled oscillator means producing said

locally generated signal having a frequency re-
sponsive to a control signal;

signal generating means producing first and second

beat signals between said input signal and said lo-
cally generated signal, said beat signals having a
substantially quadrature relationship;

translating means converting said first beat signal to a

constant amplitude signal having a phase relative to
said second beat signal which varies in a predeter-
mined relationship to the frequency of said first
beat signal, said translating means being capable of
coupling a DC signal;

multiplying means multiplying said second beat signal

from said signal generating means and the output
signal of said translating means to develop a com-
posite correction signal, said multiplying means
including a single-balanced signal multiplier capa-
ble of receiving signals of a single sign from said
signal generating means and said translating means;
and

low pass filter means coupling said composite correc-

tion signal to the control signal input of said voit-
age controlled oscillator, said composite correction
signal including the fundamental beat note fre-
quency of said input signal and said locally gener-

ated signal.

E 2 T I D *
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i57] ABSTRACT

A clock signal generator using fractiona! frequency
division is provided comprising a division circuit that
produces a clock signal starting from a timing rhythm
signal. The frequencies of the two signals are in a divi-
sion ratio which is the sum of a whole part and a frac-
tional part. A pulse subtractor is provided for receiving
the rhythm signal and transmitting it to the division
circuit while deleting at least one pulse from this signal
upon a command. An accumulator commands a pulse
subtractor on each occasion when the product of the

- number of pulses of the clock signal counted, starting

from a time of origin and of the fractional part, changes
by unity.
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CLOCK SIGNAL GENERATOR USING
FRACTIONAL FREQUENCY DIVISION AND
CONTROL THEREOF

BACKGROUND OF THE INVENTION

The present invention relates to a clock signal genera-
tor using fractional division of frequency and to means
for keeping said clock signal generator under the con-

trol of a synchronization signal.

" The majority of electronic circuits are now designed
to operate using a determined frequency clock signal
produced by an oscillator. When a piece of equipment
includes circuits that are designed 10 operate on differ-
ent clock signals, a first solution consists in using a
specific oscillator circuit for each clock signal. This
solution is clearly not an economical way of solving the
_ problem. Use is often made, when the frequency of a
first clock signal is not a multiple of the frequency of a
second one, of a clock signal generator employing frac-
tional division of its frequency. Such a clock’ signal
generator, when it is fully implemented in digital tech-
nology produces a signal the average frequency of
which over one full period is the frequency of the signal
it is receiving divided by a division ratio.

The use is known of a programmable counter receiv-
ing a signal at a steady rhythm and adapted to periodi-
cally output, depending on the period of recurrency, a
successive first and second series of pulses the frequen-
cies of repetition of which are submultiples of the fre-
quency of the steady rhythm signal. Such a device,
apart from the programmable -counter, requires two
additional counters in order to determine the number of
pulses in each series, together with control means. It
hence occupies, where it is implemented in integrated
form, a fairly large substrate surface arca which is an
obstacle to the miniaturization of the equipment in
which it is incorporated.

European Patent 0 019 412 disclosed the use of a
counter that is preceded by a pulse absorber or sub-
tractor for fulfilling the function of a programmable
counter. The pulse subtractor in effect eliminates pulses
from the rhythm signal when commanded so to do thus
modifying the frequency of the output signal from the
counter.

Nevertheless, the phase shift between the output
signal and a signal the frequency of which is exactly at
the division ratio of the rhythm signal frequency is
highly variable and can have an appreciable amplitnde.

A first object of the present invention is to provide a
clock signal generator using fractional division of fre-
quency of reduced size made possible by the use of
individual circuits that are more simple and the output
signal of which only suffers from limited phase shifting
relative to the desired frequency. This phase shift, in a
preferred embodiment, is less than one period of the
steady rhythm signal.

In certain fields of application, particularly in tele-
communications systems receiving equipment, it is nec-
essary to set the output signal from the clock signal
generator under the control of a synchronization signal.

The present invention hence also has the object of
providing control means that are specially suitable for
this type of clock signal generator using fractional divi-
sion of frequency.

Although one should not attempt to see a limitation
of the invention in this, the provisions of the invention
can advantageously be used in the Pan-European digital
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cellular radiocommunications system. In this system, a
mobile terminal comprises a speech coding and decod-
ing unit which can be implemented using a standard
component working with 8 kHz and 2048 kHz clock
signals. The terminal further includes an internal clock
signal generator producing a 13 MHz steady rhythm
signal, and produces a 50 Hz synchronization signal
onto which the coding and decoding units require to be
synchronized. The invention hence makes it possible,
starting from this steady rhythm signal, to produce
clock signals that are synchronized onto this synchroni-
zation signal.

SUMMARY OF THE INVENTION

The invention provides a clock signal generator using
fractional frequency division comprising a division cir-
cuit that produces a clock signal starting from a timing
rhythm signal, the frequencies of the two said signals
being in a division ratio which is the sum of a whole part
and a fractional part, the generator including a pulse
subtractor receiving said rhythm signal and transmitting
it to said division circuit while deleting at least one pulse
from said signal upon a command, and accumulator
means for commanding said pulse subtractor on each
occasion when the product of the number of pulses of
the clock signal counted starting from a time of origin
and of said fractional part changes by unity.

The phase shift between the clock signal generator
signal and the steady rhythm signal is thus minimized.
Moreover, in the clock signal generator using fractional
division of frequency, with the division ratio taking the
form of the sum of the product of a first division factor
and of the fractional part and of the product of a second
division factor and the ones-complement of said frac-
tional part, the accumulator means include an accumu-
lation register producing a first operand which adopts
the value of an addition signal in response to said clock
signal, and an addition circuit producing said addition
signal as the sum modulo the denominator of said frac-
tional part of said first operand and of a second operand
comprising at least the numerator of said fractional part
and producing a carry-over signal, the pulse subtractor
being adapted to absorb a number of pulses equal to the
difference between said two division factors in response
to this carry-over signal,

Moreover, with the clock signal generator adapted to
be controlled by a synchronization signal, it includes a
closed loop feedback control module receiving said
synchronization signal and said clock signal and pro-
ducing a correction signal, the abovesaid second oper-
and being the sum of said numerator and said correction
signal.

Thus, with the frequency of the clock signal being a
multiple of the frequency of the synchronization signal,
the control module includes means for producing a
counting value corresponding to the number of pulses
of said clock signal that have appeared during a fixed
duration measurement period, means for producing a
correction value that is proportional to the difference of
a second and a first counting value and inversely pro-
portional to the duration separating the mid-point of the
second and the first corresponding measuring periods,
said correction signal which usually is zero, being as-
signed said correction value during 8 correction period
that is expressed as a number of periods of the clock
signal.
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Moreover, in the clock signal generator using frac-
tional frequency division with the measurement period
being a multiple of the period of the synchronization
signal, and the first and second corresponding measur-
ing periods being consecutive, the control module in-
cludes a counter receiving said clock signal and produc-
ing a phase signal, the capacity of this counter being a
sub-multiple of the frequency ratio of said clock signal
and said synchronization signal, and includes a summing
circuit producing said second counting value as the sum
of the values adopted by said phase signal at the rhythm
of said synchronization signal, a time-delay register
producing said first counting value in the same way as
said second counting value with a delay of said mea-
surement period, a subtraction circuit producing a
phase deviation signal as the difference of said second
and first counting values, and a correction module pro-
ducing said correction value in proportion to the phase
devistion signal.

Advantageously in the clock signal gencrator using
fractional division of frequency, an individual output
from said counter is employed for producing an auxil-
iary clock signal.

In one embodiment, the clock signal generator using
fractional frequency division further includes a com-
pensation circuit for immediately producing this correc-
tion value as the sum of the values of the output signal
of said correction module during the previous measur-
ing period and the current measuring period.

Moreover in the clock signal generator using frac-
tional division of frequency, the compensation circuit
includes 8 saturation adder limiting said correction
value 10 a determined maximum value.

In one particular embodiment, the generator includes
a limiting circuit that affects this correction signal for
the correction value during the first appearance of a
determined state on an individual output of said counter
subsequent to the start of a period of said synchroniza-
tion signal, said correction signal being zero during the
remainder of this period.

Moreover, it can include a synchronization register
producing, as a measurement signal, this phase signal in
response to a triggering signal originating from a trig-
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said synchronization signal upon command from the
clock signal, said measurement signal being addressed
to the summing circuit.

According to one further feature, the generator can
include a command circuit producing a command signal
the period of which is equal to the measurement period,
said command signal resetting said summing circuit,
transferring the input to the output of said time-delay
register and modifying the output signal from the com-
pensating circuit. Advantageously, the clock signal
generator using fractional frequency division receives
an initialization signal adapted to initialize the compen-
sation circuit.

Moreover, the generator can include an initialization
circuit which imposes a starting value on the counter in
response to the initialization signal.

In one particuler case of the clock signal generator
using fractional division of frequency, the whole num-
ber part of the division ratio is zero.

1t is also possible to make provision so that the differ-
ence in the two division factors is equal to unity, the
pulse subtractor deleting one single pulse upon com-
mand.

05/23/2004, EAST%ers1

55

60

65

4
The various objects and features of the present-inven-
tion will become more clear from the description of
several embodiments provided by way of non-limiting
cxamples with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 is a block diagram of a clock signal generator
using fractional division of frequency according to the
invention.

FIG. 2 is the schematic of a control module for the
clock signal generator.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Clock signal generators using fractional division of
frequency receive a steady rhythm signal and produce a
clock signal and are adapted so that the frequencies of
these signals are in a division ratio equal to Q. This ratio
can always be expressed as the sum of the product of a
first division factor A and of a fractional part F and of
the product of a second division factor B and the ones-
complement of this fractional part, where the division
factors are whole numbers and the fractional part is a
number comprised between zero and one:

Q=AF+8. (1-F)

The various numbers can moreover be chosen so that
the difference between the two division factors is equal
1o unity:

A=B+1

Moreover, the fractional part can be represented in
the form of a fraction comprising a numerator N and a
denominator D:

F=N/D

The invention described below is valid regardless of
the value of these various numbers.

By way of example, and in order to clarify the de-
scription, the invention will be explained with regard to
a concrete case of its application in the Pan-European
digital cellular radiocommunications system. In this
case, a mobile terminal is fitted with an internal oscilla-
tor which produces the rhythm signal at a frequency of
13 MHz. Starting from this signal, it is necessary to
produce the clock signal which is notably made use of
by the speech processing circuits, at a frequency of
2,048 MHz. The division ratio is hence:

Q = 634765625
Q = 6+ 89/256
@36 —89) ., (89
= 6T+ 715

By using the notation discussed above:

89

A=7 756

B=6 Fe=

N=189 D=25
The clock signal generator using fractional division

of frequency according to the invention and illustrated
in FIG. 1 comprises a pulse absorber or subtractor 1
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which receives the rhythm signal R and the output of
which is connected to the input of a division circuit 2
which produces the clock signal Ck. It also includes
accumulation means 3 which receive this clock signal
and control the pulse subtractor by means of a carry-
over signal C, these means being provided for limiting
the phase shift in the clock signal as will become more
clear below.

The pulse subtractor 1 transmits the steady rhythm
signal R directly to its output except when it receives
the carry-over signal C, In this latter case, it deletes one
pulse from the steady rhythm signal. The division cir-
cuit 2 produces the clock signal Ck the frequency of
which is a sub-multiple of the frequency of the signal
that is applied to its input. This sub-multiple is equal to
the second division factor B which in the present case is
6. This circuit can be a counter for example, and when
it is dividing by an even number this can advanta-
geously be a ring counter also known as a Johnson
counter. A counter of this type takes the form of a series
of a flip-flops the first of which receives the output
signa) from the last which is the clock signal Ck. The
sub-multiple is here twice the number of flip-flops.

Accumulation means 3 are provided for triggering
the pulse subtractor 1 each time that the product of the
fractional part F and of a number of clock signal pulses
counted starting from an origin point in time changes by
unity, in other words when the whole number part
increases by a unity value. The point in time of the
origin is arbitrarily fixed and only constitutes a time
reference. It can for example be the time when the clock
signal generator was first started.

These accumulation means 3, in one particular em-
bodiment which should not be considered as limiting
the invention, comprise an addition circuit 31 and an
accumulation register 32.

The accumulation register 32 produces a first oper-
and O; which has the value that the addition signal S
had when the most recent pulse in clock signal Ck oc-
curred.

Addition circuit 31 produces this addition signal S as
the sum of the first operand and of a second operand O;
modulo the denominator D of the fractional part F. The
second operand, in this first part of the invention,
adopts the value of the numerator N of this fractional
part F. This circuit is moreover designed to supply the
carry-over signal C for the pulse subtractor 1, when this
sum is greater than the denominator.

Thus, every time that the product of the numerator
and of the number of pulses in the clock signal becomes
greater than a multiple of the denominator, and below
which value it previously was, one clock signal pulse is
deleted which comes down to carrying out division by
the first division factor A.

In the numerical example being considered, the de-
nominator is equal 256. The addition circuit can hence
consist of a single adder supplying an output signal on 8
bits and a carry-over signal,

The invention applies if the division ratio is reduced
to the fractional part, in other words. if the first and
second division factor, A and B respectively, are re-
spectively 1 and 0. In this case, the division circuit 2 is
reduced to a simple link, the clock signal Ck being the
output signal from the pulse subtractor 1.

The invention also applies if the division factors differ
by more than unity. Here, it is sufficient to adapt the
pulse subtractor 1 to delete 2 number of pulses that is
equal to the difference between these two factors. This
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operation which is within the abilities of those skilled in
the art, will not be described in more detail.

According to one further feature of the invention, the
clock signal generator using fractional divisional fre-
quency is designed to be kept under the control of a
synchronization signal via a control module, the fre-.
quency of this synchronization signal being a sub-multi-
ple of the frequency of the clock signal.

This control module is adapted to register the number
of pulses in the clock signal Ck during a fixed value
measurement period. It produces a first counting value
during a first measurement period, and then a second
counting value during a second measurement period. It
then calculates a correction value that is proportional to
the difference between these two counting values and
inversely proportional to the duration of the time that
separates the mid-points of the two corresponding mea-

surement periods. It finally produces-a correction signal

which adopts this correction value during a correction
period and which for the rest of the time is zero. This
correction signal is added to the numerator N of the
fractional part F in order to form the second operand
0, of addition circuit 31.

This control module 4 appears in an embodiment that
is provided solely for indicative purposes in FIG. 2. It
includes several units which will now be described in
detail. ’

A counter 40 receives the clock signal Ck and pro-
duces a phase signal P which corresponds to the num-
ber of pulses that have appeared since it was reset. The
capacity of this counter is a sub-multiple of the fre-
quency ratio between clock signal Ck and synchroniza-
tion signal T. A trigger circuit 41 produces a trigger
signal D that adopts the value that synchronization
signal T had at the time the second pulse of clock signal
Ck appeared. This can for example be a flip-flop of the
type known as a D-type flip-flop.

A synchronization register 42 produces a measure-
ment signal Pe the value of which is the value that phase
signal P had at the moment the last pulse of trigger
signal D appeared.

A control circuit 43 produces a periodic command
signal L the value of which is equal to the measurement
period. Advantageously, this measurement period is a
multiple of the synchronization signal period.

A summing circuit 44 supplies the second counting
value Pz which is the sum of the values adopted by
measurement signal Pe at the time of each pulse of
synchronization signal T. This circuit is reset by com-
mand signal L. It can now be seen more clearly why the
output signal from this circuit is the second counting
value.

A time delay register 45 produces the first counting
value P; as the second counting value delayed by one
measurement period, in other words one period of com-
mand signal L. This hence justifies its name since at any
given instant, the output signal from this register has the
value that the output signal from summing circuit 44
had during the preceding measurement period.

A subtracting circuit 46 produces a phase deviation
or shift signal E as the difference between the two
counting values: P;—P;.

A correction module 47 produces an output signal the
value of which is equal to the value of phase deviation
signal E divided by the ratio between the measurement
period and the period of synchronization signal T, mul-
tiplied by a constant which is often referred to as the
stiffness coefficient of closed-loop control.
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A compensation circuit 48 produces a correction
value m which is the sum of the values of the output
signal from correction module 47 during the preceding
measurement period and during the current period.
This circuit is designed to limit the correction value to
a maximum value. It for example comprises a saturation
adder which produces either the sum of the two values
or the said maximum value if the actual sum is higher.
This circuit is also designed to be initialized by an ini-
tializing signal 1.

A limiting circuit 49 produces the correction ‘signal
M having the correction value m during a correction
period, it being zero for the rest of the time. This cor-
rection period can have any value whatsoever and will
be determined by the person skilled in the art.

This correction signal M is added by means of an
adding circuit not shown in the figure, to the numerator
N of the fractional part F in order to provide the second
operand O.

Finally, as an accessory provision, counter 40 is
adapted to be initialized to a starting value I7by means
of an initializing circuit 50 commanded by initializing
signal I upon the appearance of synchronization signal

In one embodiment of the clock signal generator, the
counter 40 is moreover adapted to supply an auxiliary
clock signal H at the output of one of its counting cells.
This auxiliary clock signal is synchronized with the
clock signal and just like the latter, is under the control
of synchronization signal T.

This variant can be advantageously applied in the
case of the mobile terminal referred to previously. In
fact, certain components designed for speech process-
ing operate with a 2.048 MHz signal and a 8 kHz signal
which is the speech sampling frequency. Moreover, the
signals need to. be slaved to the 50 Hz synchronizing
signal produced by the terminal and which corresponds
to the communication frame rate.

In this case, the capacity of counter 40 will be chosen
to be equal to 256, the most significant bits correspond-
ing to auxiliary clock signal H at a frequency of 8 kHz,

It will be noted that the counting values Py, P2 in this
case are not equal to the number of pulses in clock
signal Ck produced during the corresponding measure-
ment period, because counter 40 will have gone
through several cycles (160 in this case) during a syn-
chronization signal period. These counting values cor-
respond, however, to the numbers of pulses since they
are congruous therewith (modulo 256 in this case).
Given the low frequency deviation that exists between
the clock signal when it is being slaved and when it is
not, the counter capacity is sufficient. If this were not
the case, it would always be possible to increase the
capacity of this counter in order to widen the possible
range of correction, its capacity being limited to the
ratio between the frequencies of the clock signal gener-
ator signals and of the synchronization signal.

One advantageous solution consists in designing lim-
iting circuit 49 in such a way that the correction period
is the period of auxiliary clock signal H. The correction
signal is assigned the correction value during this period
and is zero over the remainder of the period of synchro-
nization signal T. This operation is periodically re-
peated at the synchronization signal rate, for example.

In this case, if closed loop control requires to make it
possible to obtain a relative frequency deviation be-
tween the auxiliary clock signal and the synchroniza.
tion signal that is less than § parts per million, the cor-

05/23/2004, EAST Version:
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rection value could take one of the values —2, —1,0, 1
or 2.

In effect, during a synchronization period for which
the correction value is 2, during one period of the auxil-
iary clock signal, the division ratio is equal to
Qc=6+91/256, while over the other 159 periods, it is
equal to Qo=6+-89/256. The frequency devialion is
hence equal to:

_ 106
%—b;ﬁ- = 16810

The second operand Oy which is the sum of the cor-
rection value and of the numerator will hence be 8
whole number comprised between 87 and 91. The adder
which produces this second operand can be reduced to
a simple combination logic circuit which produces the 4
least significant bits of this operand, its 3 most signifi-
cant bits being invariable. In effect, the 5 decimal values
that this operator can adopt are expressed as follows in
binary notation:

87 = 101 011}
88 = 101 1000
89 = 101 100)
90 = 101 1010
91 = 101 1011

Moreover, it will be noted that the carry-over signal
C from addition circuit 31 is periodic. Its period corre-
sponds to 256 pulses of clock signal Ck. The result is
that the auxiliary clock signal which has the same per-
iod presents the special feature that all of its pulses have
the same phase shift or deviation since they are sepa-
rated by the same number of periods of the regular
rhythm signal R, Thus, when the auxiliary clock signal
is employed as a sampling signal, it does not introduce
spurious modulation into the signal being sampled.

A further advantage of the invention resides in the
fact that the distribution in time between divisions by
the first factor A and the second factor B is as uniform
as possible. In the numerical example selected (A=7,
B==6), the maximum phase deviation, also called phase
jitter, between clock signal Ck and the regular rthythm
signal is equal to one period of this rhythm signal, in
other words 76.9 ns,

The embodiment of a closed-loop control module
that has just been described has a very comprehensive
structure which provides the required performance.
The invention also applies if certain components are
deleted.

In effect, trigger circuit 41 is not strictly necessary, its
role being limited to synchronizing synchronization
register 42 onto clock signal Ck. It can be eliminated by
directly controlling this register with synchronization
signal T in the place of trigger signal D.

It is also not indispensable to take counting values Py,
P; over several periods of synchronization signal T, .
although this does increase the accuracy of closed-loop
control. In this case, the control circuit 43 has no more
purposc and nor has summing circuit 44. The second
counting value P;is equal to the measurement signal P,
which is directly applied to the input of time delay
register 45 instead of the output signal from summing
circuit 44, This synchronization register is commanded
by synchronization signal T instead of command signal
L., and this also applics 10 compensating circuit 48.
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Moreover, this compensating circuit can also be de-
leted, the output from correction module 47 being di-
rectly linked to the input of limiting circuit 49,

What is claimed is:

1. The clock signal generator using fractional fre-
quency division comprising a division circuit that pro-
duces a clock signal starting from a timing rhythm sig-
nal, wherein frequencies of said clock and timing
rhythm signals are in a division ratio which is a sum of
a whole part and a fractional part, said generator includ-
-ing a-pulse subtractor for receiving said rhythm signal
and for transmitting it to said division circuit while
deleting at least one pulse from said rhythm signal upon
a command, accumulator means, connected to said
division circuit, for commanding said pulse subtractor
on each occasion when a product of a number of pulses
of said clock signal and of said fractional part changes
by unity, and means for determining said product and
for counting said number of pulses starting at a time of
origin.

2. The clock signal generator using fractional fre-
quency division according to claim 1, wherein with said
division ratio forms a sum of a first product of a first
division factor and of said fractional part and of a sec-
ond product of a second division factor and an ones-
complement of said fractional part, said accurnulator
means include an accumulation register producing a
first operand which adopts a value of an addition signal
in response to said clock signal, and an addition circuit
producing said addition signal as a sum modulo a de-
nominator of said fractional part of said first operand
and of a second operand comprising at least a numerator
of said fractional part and producing a carry-out signal,
said pulse subtractor being adapted to absorb a number
of pulses equal to a difference between said two division
factors in response to this carry-over signal.

3. The clock signal generator using fractional fre-
quency division according to claim 2, wherein with said
clock signal generator adapted to be controlled by a
synchronization signal, it includes a closed loop feed-
back control module receiving said synchronization
signal and said clock signal and producing a correction
signal, said second operand being a sum of said numera-
tor and said correction signal.

4. The clock signal generator using fractional fre-
quency division according to claim 3, wherein the fre-
quency of said clock signal is a multiple of the fre-
quency of said synchronization signal and wherein said
control module includes:

means, connected to said division circuit, for produc-

ing a counting value corresponding to the number
of pulses of said clock signal that have appeared

during a fixed duration measurement period, means,

for receiving said clock signal and for producing a
correction value, which is proportional to a differ-
ence between second and first counting values and
inversely proportional to a duration separating
mid-points of second and first corresponding mea-
suring periods, said correction signal which usually
is zero, being assigned the correction value during
a correction period that is expressed as a number of
periods of said clock signal, said control module
calculating said difference and said duration sepa-
rating said mid-points.

5. The clock signal generator using fractional fre-
quency division according to claim 4, wherein a mea-
surement period is a multiple of the period of said syn-
chronization signal, said first and second corresponding

5

—

0

—

3

20

40

35

60

10
measuring periods being consecutive, said control mod-
ule including:

a counter for receiving said clock signal and for pro-
‘ducing a phase signal, a capacity of said counter
being a sub-multiple of a frequency ratio of said
clock signal and said synchronization signal,

a summing circuit for producing said first and second
counting values as sums of values adopted by said
phase signal at a rhythm of said synchronization
signal,

a time-delay register for delaying and producing said
first counting value at a same time as said summing
circuit outputs said second counting value after a
delay equaling said measurement period, a subtrac-
tion circuit producing a phase deviation signal as
the difference of said second and first counting
values, and a correction module producing said
correction value in proportion to said phase devia-
tion signal.

6. The clock signal generator using fractional fre-
quency division according to claim §, wherein an indi-
vidual output from said counter is employed for pro-
ducing an auxiliary clock signal.

7. The clock signal generator using fractional fre-
quency division according to claim 8, further including
4 compensation circuit for immediately producing said
correction value as a sum of values of an output signal
of said correction module during a previous measuring
period and a current measuring period.

8. The clock signal generator using fractional fre-
quency division according to claim 7, wherein said
compensation circuit includes a saturation adder limit-
ing said correction value to a predetermined maximum
value. .

9. The clock signal generator using fractional fre-
quency division according to claim S, further including
a limiting circuit that affects said correction signal for
said correction value during a first appearance of a
predetermined state on an individual output of said
counter subsequent to a start for a period of said syn-
chronization signal, said correction signal being zero
during a remainder of said period.

10. The clock signal generator using fractional fre-
quency division according to claim §, wherein said
control module further includes a synchronization reg-
ister for receiving said phase signal from said counter
and for producing a measurement signal based on said
phase signal in response to a triggering single originat-
ing from a triggering circuit, an output of which adopts
the value of said synchronization signal upon command
from said clock signal, said measurement signal being
addressed to said summing circuit.

11. The clock signal generator using fractional fre-
quency division according to claim 10, wherein said
control module further includes a command circuit for
receiving the synchronization signal and for producing
based thereon a command signal, a period of which is
equal to said measurement period, said command signal
resetting said summing circuit, transferring an input to
an output of said time-delay register and modifying an
output signal from ssid compensating circuit.

12. The clock signal generator using fractional fre-
quency division according to claim §, wherein it re-
ceives an initialization signal adapted to initialize said
compensation circuit.

13. The clock signal generator using fractional fre-
quency division according to claim 12, wherein it in-
cludes an initialization circuit which imposes a starting
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value on said counter in response to said initialization
signal.

14. The clock signal generator using fractional divi-
sion according to claim 1, wherein the whole number
part of said division ratio is zero. .

15. The clock signal generator using fractional fre-
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. 12
quency division according to claim 2, wherein the dif-
ference in the two division factors is equal to unity, said
pulse subtractor deleting one single pulse upon com-
mand.
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earned patent term adjustment. See 37 CFR 1.704(b).
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"Application/Control Number: 09/673,270 Page 2
Art Unit: 2634

DETAILED ACTION

Claim Rejections - 35 USC § 112

1. The following is a quotation of the second paragraph of 35 U.S.C. 112:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

2. Regarding claims 19-34, the phrase "of the type" renders the claim indefinite
because it is unclear whether the limitation(s) following the phrase are part of the

claimed invention. See MPEP § 2173.05(d).

a. 2173.05(b) Relative Terminology

Drawings
3. This application has been filed with informal drawings, which are acceptable for
examination purposes only. Formal drawings will be required when the application is

allowed.
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Claim Rejections - 35 USC § 102
4. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in public
use or on sale in this country, more than one year prior to the date of application for patent in the United
States.

5. Claims 19-32 are rejected under 35 U.S.C. 102(e) as being anticipated by
Gledhill et al. (US Patent 5,345,440).

(1) With regard to claim 19, Gledhill et al. discloses a method performing a fine
frequency synchronization compensating for a carrier frequency deviation from an
oscillator frequency in a multi-carrier demodulation system of the type capable of
carrying out a differential phase decoding of multi-carrier modulated signals, said
signals comprising a plurality of symbols, each symbol being defined by phase
differences between simultaneous carriers having different frequencies, said method
comprising the steps of: determining a phase difference between phases of the same
carrier in different symbols, determining a frequency offset by eliminating phase shift
uncertainties related to the transmitted information from said phase difference making
use of a decision device; performing a feedback correction (Fig. 4) of said carrier
frequency deviation based on said determined frequency offset (abstract, col. 2, lines
36-43, col. 3, lines 47-49, col. 4, lines 30-36, 64-68, col. 5, lines 1-7, 16-22, 30-35, 37-
41, col. 6, lines 54-56, 66-67, col. 8, lines 53-64, col. 9, lines 8-26, 56-62, col. 11, lines

41-49, 55-56, co. 14, lines 54-58, 64-66, col. 15, lines 3-7, 17-24).
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(2) With regard to claim 20, claim 20 inherits all the limitations of claim 19.
Gledhill et al. further discioses determining respective phase of the same carrier in
different symbols; eliminating phase shift uncertainties related to the transmitted
information from said phases to determine respective phase deviations making use of a
decision device; determining frequency offset by determining a phase difference
between said phase deviations (abstract, col. 2, lines 36-43, col. 3, lines 47-49, col. 6,
lines 54-56, col. 8, lines 1-5, col. 11, lines 3-6, 41-49, 55-56).

(3) With regard to claim 21, claim 21 inherits all the limitations of claim 19.
Gledhill et al. further discloses wherein the method is performed for a plurality of carriers
in said symbols; an averaged frequency offset is determined by averaging said
determined frequency offsets of said plurality of carriers, and said feedback correction
of said frequency deviation is performed based on said averaged frequency offset (col.
15, lines 27-29, 36-42, 62-68, col. 16 lines 1-6).

(4) With regard to claim 22, claim 22 inherits all the limitations of claims 20 and
21.

(5) With regard to claim 23, claim 23 inherits all the limitations of claim 19.
Gledhill et al. further discloses the step of determining a phase difference between
phases of the same carrier in symbols, which are adjacent in the time axis direction (col.
10, lines 33-34, 54-56, col. 11, lines 3-6).

(6) With regard to claim 24, claim 24 inherits all the limitations of claim 19.
Gledhill et al. further discloses the step of eliminating phase shift uncertainties

corresponding to ‘M-ary phase shifts (col. 2, lines 51-68, 1-5, col. 4, lines 30-36).

Fraunhofer Ex 2018-175
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(7) With regard to claim 25, claim 25 inherits all the limitations of claim 20.
Gledhill et al. further discloses the step of determining respective phases of the same
carrier in symbols, which are adjacent in the time axis direction (col. 3, lines 47-49, col.
8, lines 1-5, col. 10, lines 33-34, 54-56, col. 11, lines 3-6).

(8) With regard to claim 26, claim 26 inherits all the limitations of claim 20.
Gledhill et al. further discloses the step of eliminating M-ary phase shifts (col. 2, lines
51-68, 1-5, col. 4, lines 30-36).

(9) With regard to claim 27, claim 27 inherits all the limitations of claim 19.

(10) With regard to claim 28, claim 28 inherits all the ]imitations 6f claim 20.

(11) With regard to claim 29, claim 29 inherits all the limitations of claims 27 and

21.

(12) With regard to claim 30, claim 30 inherits all the limitations of claims 28 and
21,

(13) With regard to claim 31, claim 31 inherits all the limitations of claim 27 and
23.

(14) With regard to claim 32, claim 32 inherits all the limitations of claims 28 and
25.

Claim Rejections - 35 USC § 103
6. 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

Fraunhofer Ex 2018-176
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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.

7. Claims 33 and 34 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Gledhill et al. (US Patent 5,345,440) as applied to claim 27 above, in view of Ahn
(US Patent 6,219,333).

(1) With regard to claim 33, claim 33 inherits all the limitations of claim 27.
However Gledhill et al. does not disclose discloses in means for performing a feedback
correction of said frequency deviation comprises a numerical controlled oscillator and a
complex multiplier.

However Ahn discloses in (Fig. 1) means for performing a feedback correction of
said frequency deviation comprises a numerical controlled oscillator and a complex
multiplier (col. 3, lines 3-9, col. 4, lines 53-63, col. 8, lines 1-7).

Therefore it would have been obvious to one of ordinary skill in the art to modify
Gledhill et al. to incorporate means for performing a feedback correction of said
frequency deviation comprises a numerical controlled oscillator and a complex multiplier
in order to successfully synchronize the carrier frequency even when the offset of the
carrier frequency is above the bandwidth of one sub-channel (Ahn, col. 2, lines 5-8

(2 With regard to claim 34, claim 34 inherits all the limitations of claim 33. Ahn
further discloses in (Fig. 1(106, 108)) performing a feedback correction of said
frequency deviation further comprises a low path filter preceding said numerical

controlled oscillator.
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Conclusion
8. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Cicely Ware whose telephone number is 703-305-8326.
The examiner can normally be reached on Monday — Friday, 8-5.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Stephen Chin can be reached on 703-305-4714. The fax phone numbers
for the organization where this application or proceeding is assigned are 703-872-9314
for regular communications and 703-872-9314 for After Final communications.

Any inquiry of a general nature or relating to the status of this application or
proceeding should be directed to the receptionist whose telephone number is 703-305-

3900.

Cicely Ware

cqw
June 3, 2004

g HEN CHIN
SUPERVISORY PATENT EXAMINE
TECHNOLOGY CENTER 2600

Fraunhofer Ex 2018-178
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Appl. No. 09/673,270 | (;//
Amdt. dated September 23, 2004 RECEIV =
Reply to Office Action of June 23, 2004 :
SEP 2 7 2004
Technology Genter 2600 o, ent
41001 :
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of:
Ernst Eberlein et al. : Group Art Unit: 2634
Serial No.: 09/673,270 : Examiner: C. Ware

Filed: November 29, 2000

For: METHOD AND APPARATUS FOR
FINE FREQUENCY SYNCHRONIZATION
IN MULTI-CARRIER DEMODULATION
SYSTEMS

AMENDMENT

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Sir:

In response to the Office Action dated June 23, 2004, please amend the above-

captioned application as indicated on the following pages.
Amendments to the claims begin on page 2 herein.

Remarks begin on page 7 herein.
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Amdt. dated September 23, 2004
Reply to Office Action of June 23, 2004

AMENDMENTS TO THE CLAIMS:

19.

20.

(Amended) A method of performing a fine frequency synchronization
compensating for a carrier frequency deviation from an oscillator frequency in
a multi-carrier demodulation system [of the type ]capable of carrying out a
differential phase decoding of multi-carrier modulated signals, said signals
comprising a plurality of symbols, each symbol being defined by phase
differences between simultaneous carriers having different frequencies, said

method comprising the steps of:

a) determining a phase difference between phases of the same carrier in

different symbols;

b) determining a frequency offset by eliminating phase shift uncertainties
related to the transmitted information from said phase difference making

use of a M-PSK decision device; and

c) performing a feedback correction of said carrier frequency deviation

based on said determined frequency offset.

(Amended) A method of performing a fine frequency synchronization
compensating for a carrier frequency deviation from an oscillator frequency in
a multi-carrier demodulation system [of the type ]capable of carrying out a
differential phase decoding of multi-carrier modulated signals, said signals
comprising a plurality of symbols, each symbol being defined by phase
differences between simultaneous carriers having different frequencies, said

method comprising the steps of:

a) determining respective phase of the same carrier in different symbols;

Fraunhofer Ex 2018-181
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21.

22.

b) eliminating phase shift uncertainties related to the transmitted
information from said phases to determine respective phase deviations

making use of a M-PSK decision device;

c) determining a frequency offset by determining a phase difference

between said phase deviations; and

d) performing a feedback correction of said carrier frequency deviation

based on said determined frequency offset.

(Previously Presented) The method according to claim 19, wherein

said steps a) and b) are performed for a plurality of carriers in said symbols,

an averaged frequency offset is determined by averaging said determined

frequency offsets of said plurality of carriers, and

said feedback correction of said frequency deviation is performed based on

said averaged frequency offset in said step ¢). .

(Previously Presented) The method according to claim 20, wherein

said steps a), b) and c) are performed for a plurality of carriers in said symbols,

an averaged frequency offset is determined by averaging said determined

frequency offsets of said plurality of carriers, and

said feedback correction of said frequency deviation is'performed based on

said averaged frequency offset.

Fraunhofer Ex 2018-182
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23.

24.

25.

26.

27.

(Previously Presented) The method according to claim 19, wherein said step
a) comprises the step of determining a phase difference between phases of the

same carrier in symbols which are adjacent in the time axis direction.

(Previously Presented) The method according to claim 19, wherein said step
b) comprises the step of eliminating phase shift uncertainties corresponding to

M-ary phase shifts.

(Previously Presented) The method according to claim 20, wherein said step
a) comprises the step of determining respective phases of the same carrier in

symbols which are adjacent in the time axis direction.

(Previously Presented) The method according to claim 20, wherein said step

b) comprises the step of eliminating M-ary phase shifts.

(Amended) An apparatus for performing a fine frequency synchronization
compensating for a carrier frequency deviation from an oscillator frequency,
for a multi-carrier demodulation system [of the type Jcapable of carrying out a
differential phase decoding of multi-carrier modulated signals, said signals
comprising a plurality of symbols, each symbol being defined by phase
differences between simultaneous carriers having different frequencies, said

apparatus comprising:

means for determining a phase difference between phases of the same carrier

in different symbols;

M-PSK decision device for determining a frequency offset by eliminating
phase shift uncertainties related to the transmitted information from said phase

difference; and

Fraunhofer Ex 2018-183
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28.

29.

means for performing a feedback correction of said frequency deviation based

on said determined frequency offset.

(Amended) An apparatus for performing a fine frequency synchronization
compensating for a carrier frequency deviation from an oscillator frequency,
for a multi-carrier demodulation system [of the type ]Jcapable of carrying out a
differential phase decoding of multi-carrier modulated signals, said signals
comprising a plurality of symbols, each symbol being defined by phase
differences between simultaneous carriers having different frequencies, said

apparatus comprising:

means for determining respective phases of the same carrier in different

symbols;

M-PSK decision device for eliminating phase shift uncertainties related to the
transmitted information from said phases to determine respective phase

deviations;

means for determining a frequency offset by determining a phase difference

between said phase deviations;

means for performing a feedback correction of said frequency deviation based

on said determined frequency offset.

(Previously Presented) The apparatus according to claim 27, further

comprising:

means for determining an averaged frequency offset by averaging determined

frequency offsets of a plurality of carriers, wherein

Fraunhofer Ex 2018-184
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30.

31.

32.

33.

34.

said means for performing a feedback correction performs said feedback

correction of said frequency deviation based on said averaged frequency offset.

(Previously Presented) The apparatus according to claim 28, further

comprising:

means for determining an averaged frequency offset by averaging determined

frequency offsets of a plurality of carriers, wherein

said means for performing a feedback correction performs said feedback

correction of said frequency deviation based on said averaged frequency offset.

(Previously Presented) The apparatus according to claim 27, wherein said
means for determining a phase difference comprises means for determining a
phase difference between phases of the same carrier in symbols which are

adjacent in the time axis direction.

(Previously Presented) The apparatus according to claim 28, wherein said
means for determining respective phases comprises means for determining
respective phases of the same carrier in symbols which are adjacent in the time

axis direction.

(Previously Presented) The apparatus according to claim 27, wherein said
means for performing a feedback correction of said frequency deviation

comprises a numerical controlled oscillator and a complex multiplier.

(Previously Presented) The apparatus according to claim 33, wherein said
means for performing a feedback correction of said frequency deviation further

comprises a low path filter preceding said numerical controlled oscillator.
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REMARKS

Claims 19-34 are pending. By the present Amendment, claims 19, 20, 27 and
28 have been amended to delete the text “of the type” and, accordingly, to overcome
the objection under 35 U.S.C. § 112, second paragraph, set forth in the Office Action.
A Transmittal of Formal Drawings is being filed concurrently herewith.

In the Office Action, claims 19-32 are rejected under 35 U.S.C. § 102(e) [sic]
as being anticipated by U.S. Patent No. 5,345,440, to Gledhill et al (hereinafter
referred to as the Gledhill et al patent). Applicants respectfully traverse this basis for
rejecting the claims.

The Applicants wish to point out that the Gledhill et al patent is based on an
International PCT application no. WO 9205646 which was cited in the International
Preliminary Examination Report (IPER), copy attached, provided in the International
PCT application corresponding to the present application. The IPER acknowledged
the patentability of the subject matter claimed in the corresponding International PCT
application (e.g., using ‘““a phase difference modulation in the frequency axis rather
than the time axis”) over the Gledhill et al patent.

The Gledhill et al patent discloses a method for receiving orthogonal
frequency division multiplex (OFDM) signals. As stated in column 2, lines 42 to 47
of the Gledhill et al patent, data are preferably differentially coded. Unlike the present
invention, however, the Gledhill et al patent teaches a differential coding in the
direction of the time axis rather than a differential coding in the direction of the
frequency axis. The differential coding in the time axis is also described in column 6,
lines 54 to 61 of the Gledhill et al patent, which state that the transitions between
successive phase states define two data bits being coded. Moreover, column 9, lines
21 to 23 state that, for differentially coded data, it is the transitions between
successive values of the data which define the desired data to be demodulated.

The independent claims 19, 20, 27 and 28 each recite that each symbol is
defined by phase differences between simultaneous carriers having different
frequencies. This is specific for differential coding in the direction of the frequency

axis. Thus, the subject matter of the independent claims of the present invention is
-7-
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clearly not anticipated by the Gledhill et al patent, which discloses OFDM signals
differentially coded in the direction of the time axis as discussed above. Withdrawal
of the rejection of claims 19-32 as being anticipated by the Gledhill et patent under 35
U.S.C. § 102 is respectfully requested.

In the Office Action, claims 33 and 34 are rejected under 35 U.S.C. § 103(a) as
being obvious over the Gledhill et al patent in view of U.S. Patent No. 6,219,333, to
Ahn et al (hereinafter referred as the Ahn et al patent). The Gledhill et al patent does
not disclose or suggest providing an OFDM signal in which each symbol is defined by
phase differences between simultaneous carriers having different frequencies, as
recited in the independent claims 19, 20, 27 and 28. Further, there is no motivation to
modify the system disclosed in the Gledhill et al patent to make use of a differential
coding in the direction of the frequency axis, since the apparatus for receiving OFDM
signals as taught by the Gledhill et al patent is developed for OFDM signals
differentially coded in the direction of the time axis. Using OFDM signals
differentially coded in the direction of the frequency axis would require a different
receiver that is not disclosed or suggested by the Gledhill et al patent. Such a receiver
requires means for performing a de-mapping in the frequency axis, as well as a means
for performing a de-mapping in the time axis. The Gledhill et al patent merely teaches
recovery of the encoded data and fine-frequency synchronization by performing a de-
mapping in the time axis. |

The Ahn et al patent does not overcome the deficiencies of the Gledhill et al
patent. The Ahn patent relates to a system for synchronizing a carrier frequency of an
OFDM transmission system which uses one of the multiple carrier modulation
methods (see column 1, lines 25 to 27 of the Ahn patent). The Ahn patent is silent
regarding a differential coding in the direction of the frequency axis, that is, it is silent
regarding signals having symbols being defined by phase differences between
simultaneous carriers having different frequencies as defined in the independent
claims of the present application. Moreover, according to the Ahn patent, for fine
frequency synchronization, a pilot signal is extracted from the carrier, a phase

difference between the extracted pilot signal and a previously extracted pilot signal
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which is delayed for a duration of one symbol is calculated, and the prime part of the
carrier frequency offset within a predetermined frequency is corrected by controlling a
gain of the calculated phase difference (see column 2, lines 27 to 33 of the Ahn
patent). The phase difference between the pilot signals which are transmitted in the
same subchannel between the adjacent two symbols is proportional to the carrier
frequency offset (see column 7, lines 46 to 49 of the Ahn patent).

According to tﬁe Ahn patent, pilot signals are used for deriving a phase
difference based on which a carrier frequency offset is determined. As stated in the
Amendment dated February 23, 2004, it is not necessary to eliminate any phase shift
uncertainties related to the transmitted information since pilot signals are not provided
for transmitting information but have properties which are known at the transmitter’s
end and at the receiver’s end. Accordingly, it is clear that the Ahn patent does not
disclose or suggest an M-PSK decision device as claimed since such a device is not
necessary in the system described in the Ahn patent. Thus, the claimed subject matter
~ is also' not suggested by the Ahn patent. Accordingly, withdrawal of the rejection of
claims 33 and 34 as being obvious under 35 U.S.C. § 103(a) over the Gledhill et
patent in view of the Ahn et al patent is respectfully requested.

In view of the above, it is believed that the application is in condition for
allowance and notice to this effect is respectfully requested. Should the Examiner
have any questions, the Examiner is invited to contact the undersigned at the
telephone number indicated below.

Respectfully Submitted,

(-

Stacey J. Longangcker
Attorney for Applicant
Reg. No. 33,952

Roylance, Abrams, Berdo & Goodman, L.L.P.
1300 19" Street, N.W., Suite 600
Washington, D.C. 20036

(202) 659-9076

Dated: .73 AQPJ Q,MLQ: , 2004
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SEP 2 7 2004
Technology Center 2600 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
Ernst Eberlein et al. : Group Art Unit: 2634
Serial No.: 09/673,270 : Examiner: C. Ware

Filed: November 29, 2000

For: METHOD AND APPARATUS FOR
FINE FREQUENCY SYNCHRONIZATION
IN MULTI-CARRIER DEMODULATION
SYSTEMS

SUBMISSION OF FORMAL DRAWINGS

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:

Transmitted herewith are thirteen (13) sheets of formal drawings. Kindly
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DETAILED ACTION

Claim Rejections - 35 USC § 112
1. Claim 21 recites the limitation “said averaged frequency offset in said step c)” in

line 6. There is insufficient antecedent basis for this limitation in the claim.

Claim Rejections - 35 USC § 102
2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in public
use or on sale in this country, more than one year prior to the date of application for patent in the United -
States.

3. Claims 19, 20, 22-31, 33, 34 are rejected under 35 U.S.C. 102(b) as being
anticipated by Gledhili et al. (US Patent 5,345,440).

(1) With regard to claim 19, Gledhill et al. discloses in (Fig. 1A, 1B) a method
performing a fine frequency synchronization compensating for a carrier frequency
deviation from an oscillator frequency in a multi-carrier demodulation system of the type
- capable of carrying out a differential phase decoding of multi-carrier modulated signals,
said signals comprising a plurality of symbols, each symbol being defined by phase
différences between simultaneous carriers having different frequencies, said method
comprising the steps of: determining a phase difference between phases of the same
carrier in different symbols, determining a frequency offset by eliminating phase shift
uncertainties related to the transmitted information from said phase difference making
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use of a decision device; performing a feedback correction (Fig. 4) of said carrier
frequency deviation based on said determined frequency offset (abstract, col. 1, lines
21-26, col. 2, lines 30-39, 41-43, col. 3, lines 2-5, col. 4, lines 30-46, col. 5, lines 1-9,
16-22, 30-41, col. 6, lines 43-46, 54-56, 62-64, col. 8, lines 53-62, col. 9, lines, 59-63,
col. 12, lines 51-55, col. 15, lines 3-18).

(2) With regard to claim 20, claim 20 inherits all the limitations of claim 19.
Gledhill et al. further discloses determinin‘g respective phase of the same carrier in
different symbols; eliminating phase shift uncertainties related to the transmitted
information from said phases to determine respective phase deviations making use of a
decision device; determining frequency offset by determining a phase difference
between said phase deviations (abstract,'col. 3, lines 47-59, col. 9, lines 26-30, 59-63,
col. 11, lines 3-20, 41-48, col. 12, lines 51-55).

(3) With regard to claim 22, claim 22 inherits all the limitations of claim 20.
Gledhill et al. further discloses wherein steps a, b and c are performed for a plurality of
carriers in said symbols, an averaged freéuency offset is determined by averaging said
determined frequency offsets of said plurality of carriers, and said feedback correction
of said frequency deviation is performed based on said averaged frequency offset (col.
4, lines 64-68, col. 8, lines 15-32, col. 9, Ii_nes 58-63).

(4) With regard to claim 23, claim 23 inherits all the limitations of claim 19.
Gledhill et al. further discloses the step of determining a phase difference between
phases of the same carrier in symbols, which are adjacent in the time axis direction (col.

10, lines 33-34, 54-56, col. 11, lines 3-6).

Fraunhofer Ex 2018-215
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(5) With regard to claim 24, claim 24 inherits all the limitations of claim 19.
Gledhill et al. further discloses the step of eliminating phase shift uncertainties
corresponding to M-ary phase shifts (col. 2, lines 51-68, col. 3, lines 1-5, col. 4, lines 30-
36).

(6) With regard to claim 25, claim 25 inherits all the limitations of claim 20.
Gledhill et al. further discloses the step of determining respective phases of the same
carrier in symbols, which are adjacent in the time axis direction (col. 3, lines 47-49, col.
8, lines 1-5, col. 10, lines 33-34, 54-56, col. 11, lines 3-6).

(7) With regard to claim 26, claim 26 inherits all the limitations of claim 20.
Gledhill et al. further discloses the step of eliminating M-ary phase shifts (col. 2, lines
51-68, 1-5, col. 4, lines 30-46).

(8) With regard to claim 27, claim 27 inherits all the limitations of claim 19.

(9) With regard to claim 28, claim 28 inherits all the limitations of claim 20.

(10) With regard to claim 29, claim 29 inherits all the limitations of claims 27 and

22.

(11) With regard to claim 30, claim 30 inherits all the limitations of claims 28 and
22.

(12) With regard to claim 31, claim 31 inherits all the limitations of claim 27 and
23,

(13) With regard to claim 33, claim 33 inherits all the limitations of claim 27.

Gledhill et al. further discloses in (Fig. 4 (4, 7) wherein said means for performing a

Fraunhofer Ex 2018-216
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feedback correction of said frequency deviation comprises a numerical controlied
oscillator and complex multiplier (col. 7, lines 58-68).

(14) With regard to claim 34, claim. 34 inherits all the limitations of claim 33.
Gledhill et al. further discloses in (Fig. 4 (2, 7) wherein said means for performing a
feedback correction of said frequency deviation further comprises a low path filter

preceding said controlled oscillator (col. 7, lines 58-68).

Response to Arguments
4. Applicant's arguments filed 23, September 2004 have been fully considered but
they are not persuasive. 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., differential coding in the direction of the
frequency axis) 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).
- Applicant discloses on Pg. 7 of the Remarks, “that each symbol is defined by phase
differenceé between simultaneous carriers having different frequencies, is specific for
differential coding in the direction of the frequency frequencies”. Examiner maintains the
rejection “that each symbol is defined by phase differences between simultaneoué
carriers having different frequencies”, however this does not lead toward operating in
the time axis or the frequency axis. Therefore the previous rejection in regardAs to claim

1-34 is maintained.
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Allowable Subject Matter
5. Claim 32 is 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. The following is a statement of reasons for the
indication of allowable subject matter: The instant application discloses a method of
- performing a fine frequency synchronization compensating for a carrier frequency
deviation form an oscillator frequency in a multi-carrier demodulation system. Prior art
references show similar methods but fail to teach: “means for determining respective
phases comprises means for detefmining respective phases of the same carrier

in symbols which are adjacent in the time axis direction”, as in claim 32.

Conclusion
6. Any inquiry concerning this communication or earlier communications from the .
examiner should be directed to Cicely Ware whose telephone number is 703-305-8326.
The examiner can normally be reached on Monday — Friday, 8-5.
If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Stephen Chin can be reached on 703-305-4714. The fax phone numbers
for the organization where this application or proceeding is assigned are 703-872-9314

for regular communications and 703-872-9314 for After Final communications.
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Any inquiry of a general nature or relating to the status of this application or
proceeding should be directed to the receptionist whose telephone number is 703-305-

3900.

Cicely Ware

cqw ‘./%f"\ilf \CL(LQ\ S

January 12, 2005 AMANDAT.LE
PravARY EXAL TR
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PATENT ! é Case Docket No.: 41001

In re Application of:

Ernst Eberlein et al. Group Art Unit: 2634

Serial No.: 09/673,270 : Examiner: C. Ware
Filed: November 29, 2000
For: METHOD AND APPARATUS FOR FINE FREQUENCY
SYNCHRONIZATION IN MULTI-CARRIER
DEMODULATION SYSTEMS
COMMISSIONER FOR PATENTS
P.O. Box 1450
Alexandria, VA 22313-1450

Transmitted herewith is an Amendment in the above-identified application:

D Small entity status of this application under 37 C.F.R. § 1.9 and 1.27 has been established by a
verified statement previously submitted.

D A verified statement to establish small entity status under 37 C.F.R. § 1.9 and 1.27 is enclosed.

’ D No additional fee is required.

The fee has been calculated as shown below:

X X O

OTHER THAN A
CLAIMS SMALL ENTITY SMALL ENTITY
REMAINING HIGHEST NO.
AFTER PREVIOUSLY PRESENT ADDIT. ADDIT.
AMENDMENT PAID FOR EXTRA RATE FEE RATE FEE
TOTAL 16 20 - = 0 x 25= § x50=%
INDEP 5 4= 1 x100= § X 200 = $200.00
[ JFIRST PRESENTATION OF MULT. DEP. CLAIM +180= § +360=$%
If the difference in Col. 1 is less than zero, enter "0" in Col. 2 TOTAL $ TOTAL $200.00
D Applicant(s) petition(s) for an extension of month(s) to respond and submits herewith the fee
of § .
Please charge my Deposit Account No. 18-2220 in the amount of $ . A duplicate copy of this

sheet is attached.
A check in the amount of $_200.00 is attached.

The Commissioner is hereby authorized to charge payment of the following fees associated with this
communication or credit any overpayment to Deposit Account No. 18-2220. A duplicate copy of this
sheet is attached.

|Z} Any additional excess claim fees under 37 C.F.R. § 1.16.

E Any additional patent application processing fees under 37 C.F.R. § 1.17.

Dated:__ April 26, 2004

Roylance, Abrams, Berdo & Goodman, L.L.P. Attorney of
1300 19" Street, N.W., Suite 600 Reg. No. 33,952
Washington, D.C. 20036

(202) 659-8076
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In re Application of:
Ernst Eberlein et al. Group Art Unit: 2634
Serial No.: 09/673,270 Examiner: C. Ware
Filed: November 29, 2000 Confirmation No.: ‘3590

For: METHOD AND APPARATUS FOR
FINE FREQUENCY SYNCHRONIZATION
IN MULTI-CARRIER DEMODULATION
SYSTEMS

AMENDMENT

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Sir:

In response to the Office Action dated January 26, 2005, please amend the

above-captioned application as indicated on the following pages.

Amendments to the claims begin on page 2 herein.

Remarks begin on page 8 herein.

_ 04/27/2005 SZEWDIE1 00000043 09673270
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AMENDMENTS TO THE CLAIMS:

19.

20.

(Amended) A method of performing a fine frequency synchronization
compensating for a carrier frequency deviation from an oscillator frequency in
a multi-carrier demodulation system capable of carrying out a differential
phase decoding of multi-carrier modulated signals, said signals comprising a
plurality of symbols, each symbol being [defined by phase differences between

simultaneous carriers having different frequencies]differentially coded in the

direction of the frequency axis, said method comprising the steps of:

a) determining a phase difference between phases of the same carrier in

different symbols;

b) determining a frequency offset by eliminating phase shift uncertainties
related to the transmitted information from said phase difference making

use of a M-PSK decision device; and

c¢) performing a feedback correction of said carrier frequency deviation

based on said determined frequency offset.

(Amended) A method of performing a fine frequency synchronization
compensating for a carrier frequency deviation from an oscillator frequency in
a multi-carrier demodulation system capable of carrying out a differential
phase decoding of multi-carrier modulated signals, said signals comprising a

plurality of symbols, each symbol being [defined by phase differences between

simultaneous carriers having different frequencies]differentially coded in the

direction of the frequency axis, said method comprising the steps of:

a) determining respective phase of the same carrier in different symbols;
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21.

22.

b) eliminating phase shift uncertainties related to the transmitted
information from said phases to determine respective phase deviations

making use of a M-PSK decision device;

¢

¢) determining a frequency offset by determining a phase difference

between said phase deviations; and

d) performing a feedback correction of said carrier frequency deviation

based on said determined frequency offset.
(Amended) The method according to claim 19, wherein
said steps a) and b) are performed for a plurality of carriers in said symbols,

an averaged frequency offset is determined by averaging said determined

frequency offsets of said plurality of carriers, and

said feedback correction of said frequency deviation is performed based on

said averaged frequency offset] in said step c)].
(Previously Presented) The method according to claim 20, wherein
said steps a), b) and c) are performed for a plurality of carriers in said symbols,

an averaged frequency offset is determined by averaging said determined

frequency offsets of said plurality of carriers, and

said feedback correction of said frequency deviation is performed based on

said averaged frequency offset.
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23.

24.

25.

26.

27.

(Previously Presented) The method according to claim 19, wherein said step
a) comprises the step of determining a phase difference between phases of the

same carrier in symbols which are adjacent in the time axis direction.

(Previously Presented) The method according to claim 19, wherein said step
b) comprises the step of eliminating phase shift uncertainties corresponding to

M-ary phase shifts.

(Previously Presented) The method according to claim 20, wherein said step
a) comprises the step of determining respective phases of the same carrier in

symbols which are adjacent in the time axis direction.

(Previously Presented) The method according to claim 20, wherein said step

b) comprises the step of eliminating M-ary phase shifts.

(Amended) An apparatus for performing a fine frequency synchronization
compensating for a carrier frequency deviation from an oscillator frequency,
for a multi-carrier demodulation system capable of carrying out a differential
phase decoding of multi-carrier modulated signals, said signals comprising a
plurality of symbols, each symbol being [defined by phase differences between

simultaneous carriers having different frequencies]differentially coded in the

direction of the frequency axis, said apparatus comprising:

means for determining a phase difference between phases of the same carrier

in different symbols;

M-PSK decision device for determining a frequency offset by eliminating
phase shift uncertainties related to the transmitted information from said phase

difference; and
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28.

29.

means for performing a feedback correction of said frequency deviation based

on said determined frequency offset.

(Amended) An apparatus for performing a fine frequency synchronization

compensating for a carrier frequency deviation from an oscillator frequency,
for a multi-carrier demodulation system capable of carrying out a differential
phase decoding of multi-carrier modulated signals, said signals comprising a
plurality of symbols, each symbol being [defined by phase differences between

simultaneous carriers having different frequencies]differentially coded in the

direction of the frequency axis, said apparatus comprising:

means for determining respective phases of the same carrier in different

symbols;

M-PSK decision device for eliminating phase shift uncertainties related to the
transmitted information from said phases to determine respective phase

deviations;

means for determining a frequency offset by determining a phase difference

between said phase deviations;

means for performing a feedback correction of said frequency deviation based

on said determined frequency offset.

(Previously Presented) The apparatus according to claim 27, further

comprising:

means for determining an averaged frequency offset by averaging determined

frequency offsets of a plurality of carriers, wherein

-5-
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30.

31.

32.

said means for performing a feedback correction performs said feedback

correction of said frequency deviation based on said averaged frequency offset.

(Previously Presented) The apparatus according to claim 28, further

comprising;:

means for determining an averaged frequency offset by averaging determined

frequency offsets of a plurality of carriers, wherein

said means for performing a feedback correction performs said feedback

correction of said frequency deviation based on said averaged frequency offset.

(Previously Presented) The apparatus according to claim 27, wherein said
means for determining a phase difference comprises means for determining a
phase difference between phases of the same carrier in symbols which are

adjacent in the time axis direction.

(Amended) [The apparatus according to claim 28,] An apparatus for
performing a fine frequency synchronization compensating for a carrier

frequency deviation from an oscillator frequency, for a multi-carrier

demodulation system capable of carrving out a differential phase decoding of

multi-carrier modulated signals, said signals comprising a plurality of symbols,

each symbol being defined by phase differences between simultaneous carriers

having different frequencies, said apparatus comprising:

means for determining respective phases of the same carrier in different

symbols;
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33.

34.

M-PSK decision device for eliminating phase shift uncertainties related to the

transmitted information from said phases to determine respective phase

deviations;

means for determining a frequency offset by determining a phase difference

between said phase deviations;

means for performing a feedback correction of said frequency deviation based
on said determined frequency offset;

wherein said means for determining respective phases comprises means for
determining respective phases of the same carrier in symbols which are

adjacent in the time axis direction.

(Previously Presented) The apparatus according to claim 27, wherein said
means for performing a feedback correction of said frequency deviation

comprises a numerical controlled oscillator and a complex multiplier.

(Previously Presented) The apparatus according to claim 33, wherein said
means for performing a feedback correction of said frequency deviation further

comprises a low path filter preceding said numerical controlled oscillator.

Fraunhofer Ex 2018-230
Sirius XM v Fraunhofer, IPR2018-00681



F
t

Appl. No. 09/673,270
Amdt. dated April 26, 2005
Reply to Office Action of January 26, 2005

REMARKS

Claims 19-34 are pending. By the present Amendment, claim 21 has been
amended to delete the text “in said step c¢)” and, accordingly, to overcome the
objection under 35 U.S.C. § 112 set forth in the Office Action. The independent
claims 19, 20, 27 and 28 have also been amended to more clearly recite an aspect of
the present invention as discussed below. Applicants note with appreciation the
allowance of claim 32 if rewritten in independent form to include the limitations of
the base claim and any intervening claims. Accordingly, claim 32 as been amended to
include the limitations of independent claim 28.

In the Office Action, claims 19, 20, 22-31, 33 and 34 are rejected under 35
U.S.C. § 102(b) as being anticipated by U.S. Patent No. 5,345,440, to Gledhill et al
(hereinafter referred to as the Gledhill et al patent). In response to the Amendment
dated 23 September 2004, the Office Action states that the features of the present
invention relied on by the Applicant to distinguish the present invention over the
applied references are not recited in the rejected claims. Accordingly, the independent
claims 19, 20, 27 and 28 have each been amended to recite each symbol being
“differentially coded in the direction of the frequency axis.” Thus, the subject matter
of the independent claims of the present invention is clearly not anticipated by the
Gledhill et al patent, which discloses OFDM signals differentially coded in the
direction of the time axis as discussed in the Amendment dated 23 September 2004.
Support for these claim amendments is provided on pages 12-14 and Figs. 2B and 3 of
the substitute specification submitted with the Preliminary Amendment on October
13, 2000. Withdrawal of the rejection of claims 19, 20, 22-31, 33 and 34 as being
anticipated by the Gledhill et patent under 35 U.S.C. § 102 is therefore respectfully
requested.

In view of the above, it is believed that the application is in condition for

allowance and notice to this effect is respectfully requested. Should the Examiner
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have any questions, the Examiner is invited to contact the undersigned at the
telephone number indicated below.

Respectfully Submitted,

‘ Stace\y}ULongaéécker

Attorney for Applicant
Reg. No. 33,952

Roylance, Abrams, Berdo & Goodman, L.L.P.
1300 19™ Street, N.W., Suite 600
Washington, D.C. 20036

(202) 659-9076

Dated: 20, d,‘lu 0 . 2005
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WWW.USPIO.QOoV

Notice of Non-Compliant Amendment (37 CFR 1.121)

The amendment document filed on %éz 05 is considered non-compliant because it has failed to meet the requirements of

37 CFR 1.121. In order for the amendfnent document to be compliant, correction of the following item(s) is required. Only the
corrected section of the non-compliant amendment document must be resubmitted (in its entirety), e.g., the entire
“Amendments to the claims” section of applicant’s amendment document must be re-submitted. 37 CFR 1.121(h).

THE FOLLOWING CHECKED (X) ITEM(S) CAUSE THE AMENDMENT DOCUMENT TO BE NON-COMPLIANT:
O 1. Amendments to the specification:

0 A. Amended paragraph(s) do not include markings.

O B. New paragraph(s) should not be underlined.

O C. Other

O 2. Abstract: :
] A. Not presented on a separate sheet. 37 CFR 1.72.
a B. Other

O

3. Amendments to the drawings:

M 4. Amendments to the claims:

A. A complete listing of all of the claims is not present.

5]{ B. The listing of claims does not include the text of all pending claims (including withdrawn claims)
C. Each claim has not been provided with the proper status identifier,"and as such, the individual status of each
claim cannot be identified. Note: the status of every claim must be indicated after its claim number by using
one of the following 7 status identifiers: (Original), (Currently amended), (Canceled), (Withdrawn), (Previously
presented), (New) and (Not entered). '

B D. The claims of this amendment paper have not been presented in ascending numerical order.
E. Other:

For further explanation of the amendment format required by 37 CFR 1.121, see MPEP Sec. 714 and the USPTO website at
http://www.uspto.gov/web/offices/pac/dapp/opla/preognotice/ofticeflver.pdf .

If the non-compliant amendment is a PRELIMINARY AMENDMENT, applicant is given ONE MONTH from the mail date of
this letter to supply the corrected section which complies with 37 CFR 1.121. Failure to comply with 37 CFR 1.121 will result in
non-entry of the preliminary amendment and examination on the merits will commence without consideration of the proposed
changes in the preliminary amendment(s). This notice is not an action under 35 U.S.C. 132, and this ONE MONTH time limit
is not extendable. )

If the non-compliant amendment is a reply to a NON-FINAL OFFICE ACTION (including a submission for an RCE), and
_since the amendment appears to be a bona fide attempt to be a reply (37 CFR 1.135(c)), applicant is given a TIME PERIOD of
ONE MONTH from the mailing of this notice within which to re-submit the corrected section which complies with 37 CFR 1.121
in order to avoid abandonment. EXTENSIONS OF THIS TIME PERIOD ARE AVAILABLE UNDER 37 CFR 1.136(a).

If the amendment is a reply to a FINAL REJECTION, this form may be an attachment to an Advisory Action. The period for-
response to a final rejection continues to run from the date set in the final rejection, and is not affected by the non-compliant

status of the amendment, 4 &/7/-;7,7;2 - 728’ 5

Telephone No.

| Instruments Exalyer (LIE)
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Appl. No. 09/673,270
Response to Notice of Non-Compliant Amdt. dated May 18, 2005

“Reply to Notice of Non-Compliant Amdt. of May 12, 2005

e

PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

Ernst Eberlein et al. Group Art Unit: 2634
Serial No.: 09/673,270 Examiner: C. Ware
Filed: November 29, 2000 Confirmation No.: 3590

For: METHOD AND APPARATUS FOR
FINE FREQUENCY SYNCHRONIZATION
IN MULTI-CARRIER DEMODULATION
SYSTEMS

RESPONSE TO NON-COMPLIANT AMENDMENT

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:

In response to the Notice of Non-Compliant Amendment dated May 12, 2005,
the Applicants hereby resubmit below the previously non-compliant section of the
Amendment filed on April 26, 2005, that is, the “AMENDMENTS TO THE
CLAIMS” section, which has now been modified to overcome the objections set forth

in the Notice.

Fraunhofer Ex 2018-236
Sirius XM v Fraunhofer, |PR2018-00681

e e S, ot e



Appl. No. 09/673,270
Response to Notice of Non-Compliant Amdt. dated May 18, 2005
Reply to Notice of Non-Compliant Amdt. of May 12, 2005

AMENDMENTS TO THE CLAIMS:

Claims 1-18 (Cancelled)

19.

20.

(Currently Amended) A method of performing a fine frequency
synchronization compensating for a carrier frequency deviation from an
oscillator frequency in a multi-carrier demodulation system capable of carrying
out a differential phase decoding of multi-carrier modulated signals, said
signals comprising a plurality of symbols, each symbol being [defined by
phase differences between simultaneous carriers having different

frequencies]differentially coded in the direction of the frequency axis, said

method comprising the steps of:

a) determining a phase difference between phases of the same carrier in

different symbols;

b) determining a frequency offset by eliminating phase shift uncertainties
related to the transmitted information from said phase difference making

use of a M-PSK decision device; and

c) performing a feedback correction of said carrier frequency deviation

based on said determined frequency offset.

(Currently Amended) A method of performing a fine frequency
synchronization compensating for a carrier frequency deviation from an
oscillator frequency in a multi-carrier demodulation system capable of carrying
out a differential phase decoding of multi-carrier modulated signals, said
signals comprising a plurality of symbols, each symbol being [defined by

phase differences between simultaneous carriers having different

Fraunhofer Ex 2018-237
Sirius XM v Fraunhofer, |PR2018-00681
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21.

22.

frequencies]differentially coded in the direction of the frequency axis, said

method comprising the steps of:

a)

b)

d)

determining respective phase of the same carrier in different symbols;

eliminating phase shift uncertainties related to the transmitted
information from said phases to determine respective phase deviations

making use of a M-PSK decision device;

determining a frequency offset by determining a phase difference

between said phase deviations; and

performing a feedback correction of said carrier frequency deviation

based on said determined frequency offset.

(Currently Amended) The method according to claim 19, wherein

said steps a) and b) are performed for a plurality of carriers in said symbols,

an averaged frequency offset is determined by averaging said determined

frequency offsets of said plurality of carriers, and

said feedback correction of said frequency deviation is performed based on

said averaged frequency offset[ in said step c)].

(Previously Presented) The method according to claim 20, wherein

said steps a), b) and c) are performed for a plurality of carriers in said symbols,

Fraunhofer Ex 2018-238
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23.

24.

25.

26.

27.

an averaged frequency offset is determined by averaging said determined

frequency offsets of said plurality of carriers, and

said feedback correction of said frequency deviation is performed based on

said averaged frequency offset.

(Previously Presented) The method according to claim 19, wherein said step
a) comprises the step of determining a phase difference between phases of the

same carrier in symbols which are adjacent in the time axis direction.

(Previously Presented) The method according to claim 19, wherein said step
b) comprises the step of eliminating phase shift uncertainties corresponding to

M-ary phase shifts.

(Previously Presented) The method according to claim 20, wherein said step
a) comprises the step of determining respective phases of the same carrier in

symbols which are adjacent in the time axis direction.

(Previously Presented) The method according to claim 20, wherein said step

b) comprises the step of eliminating M-ary phase shifis.

(Currently Amended) An apparatus for performing a fine frequency
synchronization compensating for a carrier frequency deviation from an
oscillator frequency, for a multi-carrier demodulation system capable of
carrying out a differential phase decoding of multi-carrier modulated signals,
said signals comprising a plurality of symbols, each symbol being [defined by
phase differences between simultaneous carriers having different

frequencies]differentially coded in the direction of the frequency axis, said

apparatus comprising:

Fraunhofer Ex 2018-239
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28.

means for determining a phase difference between phases of the same carrier

in different symbols;

M-PSK decision device for determining a frequency offset by eliminating
phase shift uncertainties related to the transmitted information from said phase

difference; and

means for performing a feedback correction of said frequency deviation based

on said determined frequency offset.

(Currently Amended) An apparatus for performing a fine frequency
synchronization compensating for a carrier frequency deviation from an
oscillator frequency, for a multi-carrier demodulation system capable of
cé\rrying out a differential phase decoding of multi-carrier modulated signals,
said signals comprising a plurality of symbols, each symbol being [defined by
phase differences between simultaneous carriers having different

frequencies]differentially coded in the direction of the frequency axis, said

apparatus comprising:

means for determining respective phases of the same carrier in different

symbols;

M-PSK decision device for eliminating phase shift uncertainties related to the
transmitted information from said phases to determine respective phase

deviations;

means for determining a frequency offset by determining a phase difference

between said phase deviations;

Fraunhofer Ex 2018-240
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29.

30.

31.

32.

means for performing a feedback correction of said frequency deviation based

on said determined frequency offset.

(Previously Presented) The apparatus according to claim 27, further

comprising:

means for determining an averaged frequency offset by averaging determined

frequency offsets of a plurality of carriers, wherein

said means for performing a feedback cormrection performs said feedback

correction of said frequency deviation based on said averaged frequency offset.

(Previously Presented) The apparatus according to claim 28, further

comprising:

means for determining an averaged frequency offset by averaging determined

frequency offsets of a plurality of carriers, wherein

said means for performing a feedback correction performs said feedback

correction of said frequency deviation based on said averaged frequency offset.

(Previously Presented) The apparatus according to claim 27, wherein said
means for determining a phase difference comprises means for determining a
phase difference between phasés of the same carrier in symbols which are

adjacent in the time axis direction.

(Currently Amended) [The apparatus according to claim 28,] An apparatus for

performing a fine frequency synchronization compensating for a carrier

frequency deviation from an oscillator frequency, for a multi-carrier

demodulation system capable of carrving out a differential phase decoding of

-6-
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33.

34.

multi-carrier modulated signals, said signals comprising a plurality of symbols,

each symbol being defined by phase differences between simultaneous carriers

having different frequencies, said apparatus comprising;:

means for determining respective phases of the same carrier in different

symbols;

M-PSK decision device for eliminating phase shift uncertainties related to the

transmitted information from said phases to determine respective phase

deviations;

means for determining a frequency offset by determining a phase difference

between said phase deviations:.

means for performing a feedback correction of said frequency deviation based

on said determined frequency offset;

wherein said means for determining respective phases comprises means for
determining respective phases of the same carrier in symbols which are

adjacent in the time axis direction.

(Previously Presented) The apparatus according to claim 27, wherein said
means for performing a feedback correction of said frequency deviation

comprises a numerical controlled oscillator and a complex multiplier.

(Previously Presented) The apparatus according to claim 33, wherein said
means for performing a feedback correction of said frequency deviation further

comprises a low path filter preceding said numerical controlled oscillator.
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REMARKS

Should the Examiner have any questions, the Examiner is invited to contact

the undersigned at the telephone number indicated below.
Respectfully Submitted,

Attorney for Applicant
Reg. No. 33,952

Roylance, Abrams, Berdo & Goodman, L.L.P.
1300 19" Street, N.W., Suite 600
Washington, D.C. 20036

(202) 659-9076

Dated: | O (\f\Quu6 . 2005
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fine adj frequency adj
synchroniz$5 same ((mcm) or
multi adj2 carrier or frequency or
channel$1 or bin$1)
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synchroniz$5) same ((mcm) or
multi adj2 carrier or frequency or
channel$1 or bin$1)
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multi adj2 carrier or frequency or
channel$l or bin$1)) and
(differential adj phase adj
decod$3)
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Application No. Applicant(s)

09/673,270 EBERLEIN ET AL.
Office Action Summary Examiner At Unit

Cicely Ware 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.
- If the 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.
- I 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) Responsive to communication(s) filed on 26 April 2005.
2a)X This action is FINAL. 2b)[] This action is non-final.

3)[] 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) 19-34 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.
5)[] Claim(s) 32 is/are allowed.
6)X] Claim(s) 19.20,22-31,33 and 34 is/are rejected.

7)X Claim(s) 21 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)X] The drawing(s) filed on 26 April 2005 is/are: a)[X] 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 f)ath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. §§ 119 and 120

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[(JAIl b)(J Some * c)[] None of:
1. Certified copies of the priority documents have been received.
2.[] certified copies of the priority documents have been received in Application No. .
3.[J 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.
13)[J Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application)
since a specific reference was included in the first sentence of the specification orin an Application Data Sheet.
37 CFR 1.78. }
a) [ The translation of the foreign language provisional application has been received.
14)[] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121 since a specific
reference was included in the first sentence of the specification or in an Application Data Sheet. 37 CFR 1.78.

Attachment(s)
1) X Notice of References Cited (PTO-892) 4) O interview Summary (PTO-413) Paper No(s). .
2) D Notice of Draftsperson’s Patent Drawing Review (PTO-948) 5) [:] Notice of Informal Patent Application (PTO-152)
3) D Information Disclosure Statement(s) (PTO-1449) Paper No(s) . ’ 6) E] Other:
U.S. Patent and Trademark Office _
PTOL-326 (Rev. 11-03) Office Action Summary Fraunhofer Ex 2018 ;a§5c~f Paper No. 2

Sirius XM v Fraunhofer, IPR2018-00681 .
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DETAILED ACTION

Response to Arguments
1. Applicant's arguments filed 4/26/2005 have been fully considered but they are
not persuasive. Applicant asserts on Pg. 8 of REMARKS that Gledhill et al. discloses
OFDM signals differentially.-coded in the direction of the time axis. However Examiner |
asserts that in Table 1 Gledhill et al. in fact discloses the signals differentially coded in

the frequency domain.. Therefore examiner maintains the original rejection.

Claim Rejections - 35 USC § 102
2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in public
use or on sale in this country, more than one year prior to the date of application for patent in the United
States.

3. | Claims 19, 20, 22-31, 33, 34 are rejected under 35 U.S.C. 102(b) as being
anticipated by Gledhill et al. (previously cited).

(1) With regard to claim 19, Gledhill et al. discloses in (Fig. 1A, 1B) é method
performing a fine frequency synchronization compénsating for a carrier frequency
deviation from an oscillator frequency in a multi-carrier demodulation system of the type
capable of carrying out a differential phase decoding 6f multi-carrier m‘odulated signals,
said signals comprising a plurality of symbols, each symbol being differentially coded in’

the direction of the frequency axis (Table 1), said method comprising the steps of:

Fraunhofer Ex 2018-256
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determining a phase difference between phases of the same carrier in different
symbols, determining a frequency offset by eliminating phase shift uncertainties related
to the transmitted ivnformation from said phase differencé making use of a decision
device; performing a feedback correction (Fig. 4) of said carrier frequency deviation
based on said determined frequency offset (abstract, col. 1, lines 21-26, col. 2, lines 30-
39, 4143, col. 3, lines 2-5, col. 4, lines 30-46, col. 5, lines 1-9, 16-22, 30-41, col. 6, lines
43-46, 54-56, 62-64, col. 8, lines 53-62, col. 9, lines, 59-63, col. 12, lines 51-55, col. 15,
lines 3-18).

(2) With regard to claim 20, claim 20 inherits all the limitations of claim 19.
Gledhill et al. further discloses determining respective phase of the same carrier in
different symbols; eliminating phase shift uncertainties related to the transmitted
information from said phases to determine respective phase deviations making use of a
decision device; determining frequency offset by determining a phase difference
between said phase deviations (abstract, col. 3, lines 47-59, col. 9, lines 26-30, 59-63,
col. 11, lines 3-20, 41.-48, col. 12, lines 51-55).

(3) With regard to claim 22, claim 22 inherits all the limitations of claim 20.
Gledhill et al. further discloses wherein steps a, b and c are performed for a plurality of
carriers in said symbols, an averaged frequency offset is determined by éveraging said
determined frequency offsets of said plurality of carriers, and said feedback correction
of said frequency deviation is performed based on said avefaged frequency offset (col.

4, lines 64-68, col. 8, lines 15-32, col. 9, lines 58-63).

Fraunhofer Ex 2018-257
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(4) With regard to claim 23, claim 23 inherits all the limitations of claim 19.
Gledhill et al. further discloses the step of determining a phase difference between
phases of the same carrier in symbols, which are adjacent in the time axis direction (col.
10, lines 33-34, 54-56, col. 11, lines 3-6).

(5) With regard to claim 24, claim 24 inherits all the limitations of claim 19.
Gledhill et al. further discloses the step of eliminating phase shift uncertainties
corresponding to M-ary phase shifts (col. 2, lines 51-68, col. 3, lines 1-5, col. 4, lines 30-
36).

(6) With regard to claim 25, claim 25 inherits all the limitations of claim 20.
Gledhill et al. further discloses the step of determining respective phases of the same
carrier in symbols, which are adjacent in the time axis direction (col. 3, lines 47-49, col.
8, lines 1-5, col. 10’. lines 33-34, 54-56, col. 11, lines 3-6).

(7) With regard to claim 26, claim 26 inherits all the limitations of claim 20.
Gledhill et al. further discloses the step of eliminating M-ary phase shifts (col. 2, lines
51-68, 1-5, col. 4, lines 30-46).

(8) With regard to claim 27, claim 27 inherits all the limitations of claim 19.

(9) With regard to claim 28, claim 28 inherits all the limitations of cla‘Jim 20.

(10) With regard to claim 29, claim 29 inherits all tﬁe limitations of claims 27 and
22.

(11) With regard to claim 30, claim 30 inherits all the Iimitations/ of claims 28 and

22.

Fraunhofer Ex 2018-258
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(12) With regard to claim 31, claim 31 inherits all the limitations of claim 27 and
23.

(13) With regard to claim 33, claim 33 inherit§ all the limitations of claim 27.
Gledhill et al. further discloses in (Fig. 4 (4, 7) wherein said means for performing a
feedback correction of said frequency'deviation comprises a numerical controlled
oscillator and complex multiplier (col. 7, lines 58-68).

(14) With regard to claim 34, claim 34 inherits all the limitations of claim 33.
Gledhill et al. further discloseé in (Fig. 4 (2, 7) wherein said means for performing a
feedback correction of said frequency deviation further comprises a low path filter

preceding said controlled oscillator (col. 7, lines 58-68).

Allowable Subject Matter
4. Claim 21 is objected to as being dependent upon a rejected base claim, but
would be allowable if rewritten in independent form including ail of the limitations of the
base claim and any intervening claims. The following is a statement of reasons for the
indication of allowable subject matter: The instant application discloses a method of
performing a fine frequency synchronization compensating for a carrier frequency
deyiation form an oscillator frequency in a multi-carrier demodulation system. Prior art
references show similar methods but fail to teach: “an averaged frequency offset is
determined by ayeraging said determined frequency offsets of said plurality of
carriers, and said feedback correction of said frequency deviation is performed

based on said averaged frequency offset’, as in claim 21

Fraunhofer Ex 2018-259
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5. Claim 32 is allowed.

6. The following is a statement of reasons for the indication of allowable subject
matter: The instant application discloses a method of performing a fine frequency
synchronization compensating for a carrier frequency deviation form an oscillator
frequency in a multi-carrier demodulatioh system. Prior art references show similar
methods but fail to teach: “means for determining respective phases comprises
means for determining respective phases of the same carrier in symbols which

are adjacent in the time axis direction”, as in claim 32.

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 Athis 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
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.
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Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Cicely Ware whose telephone number is 703-305-8326.
The examiner can normally be reached on Monday — Friday, 8-5.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Stephen Chin can be reached on 703-305-4714. The fax phone numbers
for the organization where this application or proceeding is assigned are 703-872-9314
for regular communications and 703-872-9314 for After Final communications.

Any inquiry of a general nature or relating to the status of this application or
proceeding should be directed to the receptionist whose telephone number is 703-305-

3900.

Cicely Ware

cqw
August 6, 2005

¢ STEPHENCHIN
SUPERVISORY PATENT EXAMINE
TECHNOLOGY CENTER 2600
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Appl. No. 09/673,270

/{0 Amdt. dated November 10, 2005

,_’**R"eply to final Office Action mailed August 10, 2005

PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

Ernst Eberlein et al. Group Art Unit: 2634
Serial No.: 09/673,270 Examiner: C. Ware
Filed: November 29, 2000 Confirmation No.: 3590

For: METHOD AND APPARATUS FOR
FINE FREQUENCY SYNCHRONIZATION
IN MULTI-CARRIER DEMODULATION
SYSTEMS

AMENDMENT

Commissioner for Patents
P.G. Box 1450

Alexandria, VA 22313-1450
Sir:

In response to the final office action dated August 10, 2005, please amend the

above-captioned application as indicated on the following pages.

Amendments to the claims begin on page 2 herein.

Remarks begin on page 5 herein.
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Reply to final Office Action mailed August 10, 2005

AMENDMENTS TO THE CLAIMS:

Claims 1-18 (Cancelled)

19.

(Currently Amended) A method of performing a fine frequency
synchronization compensating for a carrier frequency deviation from an
oscillator frequency in a multi-carrier demodulation system capable of carrying
out a differential phase decoding of multi-carrier modulated signals, said
signals comprising a plurality of symbols, each symbol being differentially
coded in the direction of the frequency axis, said method comprising the steps

of:

a) determining a -phase difference between phases of the same carrier in

different symbols;
b) determining a frequency offset by eliminating phase shift uncertainties
related to the transmitted information from said phase difference making

use of a M-PSK decision device; and

¢) performing a feedback correction of said carrier frequency deviation

based on said determined frequency offset, wherein

said steps a) and b) are performed for a plurality of carriers in said symbols,

an averaged frequency offset is determined by averaging said determined

frequency offsets of said plurality of carriers, and

said feedback correction of said frequency deviation is performed based on

said averaged frequency offset.
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Claims 20 -22.(Cancelled)

23.

24.

(Previously Presented) The method according to claim 19, wherein said step
a) comprises the step of determining a phase difference between phases of the

same carrier in symbols which are adjacent in the time axis direction.

(Previously Presented) The method according to claim 19, wherein said step
b) comprises the step of eliminating phase shift uncertainties corresponding to

M-ary phase shifts.

Claim 25 - 29 (Cancelled)

30. -

31.

32.

(Currently Amended) The apparatus according to claim- [[28]]32, further

comprising:

means for determining an averaged frequency offset by averaging determined

frequency offsets of a plurality of carriers, wherein

said means for performing a feedback correction performs said feedback

correction of said frequency deviation based on said averaged frequency offset.
(Cancelled)

(Currently Amended) An apparatus for performing a fine frequency
synchronization compensating for a carrier frequency deviation from an
oscillator frequency, for a multi-carrier demodulation system capable of
carrying out a differential phase decoding of multi-carrier modulated signals,

said signals comprising a plurality of symbols, each symbol being defined by

Fraunhofer Ex 2018-267
Sirius XM v Fraunhofer, IPR2018-00681
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Reply to final Office Action mailed August 10, 2005

33.

34.

phase differences between simultaneous carriers having different frequencies,

said apparatus comprising:

means for determining respective phases of the same carrier in different

symbols;

M-PSK decision device for eliminating phase shift uncertainties related to the
transmitted information from said phases to determine respective phase

deviations;

means for determining a frequency offset by determining a phase difference

between said phase deviations; and

means for performing a feedback correction of said frequency deviation based

on said determined frequency offset;

wherein said means for determining respective phases comprises means for
determining respective phases of the same carrier in symbols which are

adjacent in the time axis direction.

(Currently Amended) The apparatus according to claim [[27]]32, wherein said
means for performing a feedback correction of said frequency deviation

comprises a numerical controlled oscillator and a complex multiplier.

(Previously Presented) The apparatus according to claim 33, wherein said
means for performing a feedback correction of said frequency deviation further

comprises a low path filter preceding said numerical controlled oscillator.
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Appl. No. 09/673,270
Amdt. dated November 10, 2005
Reply to final Office Action mailed August 10, 2005

REMARKS

By the present amendment, claims 19-34 are pending. In the Office Action,
claim 21 1is indicated as being allowable if rewritten in independent form.
Accordingly, independent claim 19 has been amended to include the limitations of
claim 21. Applicants also note with appreciation the allowance of claim 32, which
has been amended to correct a typographical error. Claims 30 and 33 have been
amended to depend from allowed claim 32. Claims 20-22, 25-29 and 31 are
cancelled.

In view of the above, it is believed that the application, including claims 19,
23-24, 30 and 32-34, is in condition for allowance and notice to this effect is
respectfully requested. Should the Examiner have any questions, the Examiner is -
invited to contact the undersigned at the telephone number indicated below.

Respectfully Submitted,

Attorney for Applicant
Reg. No. 33,952

Roylance, Abrams, Berdo & Goodman, L.L.P.
1300 19" Street, N.W., Suite 600
Washington, D.C. 20036

(202) 659-9076

Dated:__ [0 N0 yemlpon 2005

-/
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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
noted 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) [J including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) {J hereto or 2) [J to Paper No./Mail Date

(b) [J 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. [] 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. [ Notice of Informal Patent Application (PTO-152)
2. [[] Notice of Draftperson's Patent Drawing Review (PT0O-948) 6. [ Interview Summary (PTO-413),
Paper No./Mail Date .

3. [ Information Disclosure Statements (PTO-1449 or PTO/SB/08), 7. [X) Examiner's Amendment/Comment

Paper No./Mail Date
4. [J Examiner's Comment Regarding Requirement for Deposit 8. (X Examiner's Statement of Reasons for Allowance

of Biological Material

9. [J Other X

U.S. Patent and Trademark Office
PTOL-37 (Rev. 7-05) Notice of Allowability Fraunhofer Ex 2038w2#&per No./Mail Date 02
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Application/Control Number: 09/673,270 Page 2
Art Unit: 2634

EXAMINER’S AMENDMENT

1. An examiner’'s amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be
submitted no later than the payment of the issue fee.

The application has been amended as follows:
I. SPECIFICATION

a. Pg. 1, line 6, insert “This application is a 371 of PCT/EP98/02184

04/14/1998"

Fraunhofer Ex 2018-276
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REASONS FOR ALLOWANCE
1. The following is an examiner’'s statement of reasons for allowance: The following
is a statement of reasons for the indication of allowable subject matter: The instant
application discloses a method of performing a fine frequency synchronization
compensating for a carrier frequency deviation form an oscillator frequency in a multi-
carrier demodulation system. Prior art references show similar methods but fail to teach:
“feedback correction of said frequency deviation is performed based on said
averaged frequency offset”, as in claim 19; “means for determining respective
phases comprises means for determining respective phases of the same carrier
in symbols which are adjacent in the time axis direction”, as in claim 32.

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.”

Conclusion
2. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Cicely Ware whose telephone number is 571-272-3047.
The examiner can normally be reached on Monday — Friday, 8-5.

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 numbers
for the organization where this application or proceeding is assigned are 703-872-9314

for regular communications and 703-872-9314 for After Final communications.

Fraunhofer Ex 2018-277
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Any inquiry of a general nature or relating to the status of this application or
proceeding should be directed to the receptionist whose telephone number is 703-305-

3900.

Cicely Ware

cqw
December 9, 2005

/ STEPHEN CHIN
SUPERVISORY PATENT EXAMINE!
TECHNOLOGY CENTER 2600
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

Ernst Eberlein et al. : Group Art Unit: 2634
Serial No.: 09/673,270 : Examiner: C. Ware
Filed: November 29, 2000 : Confirmation No.: 3590

For: METHOD AND APPARATUS FOR
FINE FREQUENCY SYNCHRONIZATION
IN MULTI-CARRIER DEMODULATION
SYSTEMS
AMENDMENT
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir;

In response to the final office action dated August 10, 2005, please amend the

above-captioned application as indicated on the following pages.
Amendments to the claims begin on page 2 herein.

Remarks begin on page 5 herein.
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