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A proper Demand for International Preliminary Examination was made by the 19th month from the earliest claimed priority date. 

A c~ of the International Application as filed (35 U.S.C. 37l(c)(2)) 
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c. 0 is not required, as the application was filed in the United States Receiving Office (ROIUS). 
A translation of the International Application into English (35 U.S.C. 37I(c)(2)). 

Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 37l(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. 
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~- D A translation ofthe amendments to the claims under PCT Article 19 (35 U.S.C. 37l(c)(3)). 

9. D An oath or declaration of the inventor(s) (35 U.S.C. 37l(c)(4)). 

A translation ofthe annexes to the International Preliminary Examination Report under PCT Article 36 
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17. 0 following fees are 
BASIC NATIONAL FEE ( 37 CFR 1.492 (a) (1)- (S)): 

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 EPO or JPO · · · · · · · · · 
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 ofPCT Article 33(1)-(4) ........... $690.00 
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= $ 1,070.00 

30 $ 0.00 

$ 1,070.00 

for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be $ 
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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. 18-2220 . 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 
l.l37(a) or (b)) must be filed and granted to restore the application to pending status. 
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Washington, DC 20036 
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METHOD AND APPARATUS FOR FINE FREQUENCY SYNCHRONIZATION IN 

MULTI-CARRIER DEMODULATION SYSTEMS 

FIELD F THE INVENTION 

The present invention rel tes to methods and apparatus for 

performing a fine frequenc 

demodulation systems, and 

apparatus for performing 

compensating for a 

synchronization in multi-carrier 

in particular to methods and 

fine frequency synchronization 

frequency deviation from an 

oscillator frequency in a ulti-carrier demodulation system 

of the type capable of ca rying out a differential phase 

decoding of multi-carrier adulated signals, wherein the 

HE INVENTION 

effect of a carrier 

system (MCM, OFDM) , 

frequency offset is substantially 

the 

more 

considerable than in a single transmissio"n system. 

MCM is more sensitive to phase noise and frequency offset 

which occurs as amplitude di and inter carrier 

interference (ICI). The inter 

effect that the subcarriers 

interference has the 

no longer orthogona 1 in 

relation to each other. Frequenc offsets occur after power 

on or also later due to fre uency deviation of the 

oscillators used for downconversi n into baseband. Typical 

accuracies for the frequency of free running oscillator 

are about ±50 ppm of the carrier requency. With a carrier 

frequency in the S-band of 2.34 Ghz for example, there will 

be a maximum local oscillator 

above 100 kHz (117.25 

in high requirements on the 

offset correction. 

frequency deviation of 

effects result 

for frequency 
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FIELD QF THE INVENTION

The present invention relates to methods and apparatus for

performing a fine frequency synchronization in multi-carrier

demodulation systems, andj in particular to methods and

apparatus for performing fine frequency synchronization

compensating for a carrigr frequency deviation from an
oscillator frequency in a nmulti-carrier demodulation system

of the type capable of carrying out a differential phase

decoding of multi-carrier odulated signals, wherein the

of symbols, each symbol being

defined by tee Wedifferencegy betveer” simultaneous carriershaving meeeeb uenciby 
9oeoun OF \THE INVENTION 

‘nai multi carrier transmisstion system (MCM, OFDM), the

= effect of a carrier frequency \joffset 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

effect that the subcarriers ar no longer orthogonal in
relation to each other. Frequency offsets occur after power

on or also later due to frequency deviation of the

oscillators used for downconversion into baseband. Typical

accuracies for the frequency of4free running oscillator
are about +50 ppm of the carrier frequency. With a carrier

frequency in the S-band of 2.34 Ghz}| for example, there will

be a maximum local oscillator (LO)\ frequency deviation of

above 100 kHz (117.25 kHz). The above named effects result

in high requirements on the algorithm used for frequency
offset correction.

Fraunhofer Ex 2018-14
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DESCRIPT~ON OF PRIOR ART 

Most prior art algorithm\ for frequency synchronization 

divide frequency correctio into two stages. In the first 

stage, a coarse synchroniza is performed. In the second 

stage, a fine correction ca be achieved. A frequently used 

algorithm for coarse synchro ization of the carrier frequen

cy uses a synchronization s has a s~ecial spec

tral.pattern in the frequenc domain. Such a synchronization 

symbol is, for example, a C ZAC sequence (CAZAC = Constant 

Amplitude Zero Autocorrelat'on). Through comparison, i.e. 

the correlation, of the spectrum of the received 

signal with that of the frequency 

carrier offset can be coarse y estimated. These prior art 

algorithms all work in the requency domain. Reference is 

made, for example, to Ferd nand ClaBen, Heinrich Meyr, 

"Synchronization Algorithms OFDM System for Mobile 

Communication", ITG-Fachtagun 130, Codierung fur Quelle, 

Kanal und Ubertragung, pp. 105 - 113, Oct. 26-28, 1994; and 

Timothy M. Schmidl, Donald Cox, "Low-Overhead, Low

Complexity [Burst] Synchronizat'on for OFDM", in Proceedings 

of the IEEE International 

1996, pp. 1301-1306 (1996). 

on Communication ICC 

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, 

1994, suggest increasing the spac 

such that the subcarrier 

42, No. 10, October 

ng between the subcarriers 

is greater than the 

maximum frequency difference betwe n the received and trans

mitted carriers. The subcarrier istance is increased by 

reducing the number of sample val es which are transformed 

by the Fast Fourier Transform. corresponds to a 

reduction of the number of sampling values which are trans

formed by the Fast Fourier Transform 

Fraunhofer Ex 2018-15 
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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-
tralpattern in the frequency domain. Such a synchronization

symbol is, for example, a CAZAC sequence (CAZAC = Constant

Amplitude Zero Autocorrelatijon). Through comparison, i.e.

the correlation, of the power spectrum of the received
signal with that of the transmitted signal, the frequency

carrier offset can be coarsely estimated. These prior art

algorithms all work in the frequency domain. Reference is
made, for example, to Ferdinand ClaBen, Heinrich Meyr,

"Synchronization Algorithms for an OFDM System for Mobile

Communication", ITG-Fachtagun 130, Codierung ftir Quelle,
Kanal und Ubertragung, pp. 105|- 113, Oct. 26-28, 1994; and

Timothy M. Schmidl, Donald . Cox, “Low-Overhead, Low-

Complexity [Burst] Synchronization for OFDM", in Proceedings
of the IEEE International Conflerence on Communication ICc

1996, pp. 1301-1306 (1996).

For the coarse synchronization| cof 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 distamce is greater than the

maximum frequency difference between the received and trans-

mitted carriers. The subcarrier istance is increased by
reducing the number of sample values 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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SUMMAR OF THE INVENTION 

It is an object of invention to provide methods 

and apparatus for ming a fine frequency synchroni-

zation which allow a frequency synchronization compen-

sating for a carrier uency deviation from an oscillator 

frequency in a MCM tran mission system which makes use of 

MCM signals in which 'nformation is differential phase 

encoded between simultan ous sub-carriers having different 

frequencies. 

In accordance with a f i st aspect, the present invention 

. provides a method of per orming a fine frequency synchro

nization compensating for a carrier frequency deviation from 

an oscillator frequency in a multi-carrier demodulation 

system of the type capab e of carrying out a differential 

phase decoding of mult'-carrier modulated signals, the 

signals comprising a ity of symbols, each symbol being 

defined by phase differen es between simultaneous carriers 

having different the method comprising the 

steps of: 

determining a phase 

carrier in different 

between phases of the same 

determining a frequency of set by eliminating phase shift 

uncertainties corresponding to codeable phase shifts from 

the phase difference; and 

performing a feedback 

deviation based on the 

In accordance with a second 

provides a method of 

nization compensating 

an oscillator frequency in 

of the carrier frequency 

frequency offset. 

spect, the present invention 

g a fine frequency synchro

rier frequency deviation from 

multi-carrier demodulation 

Fraunhofer Ex 2018-16 
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system of the type capabl of carrying out a differential 

phase decoding of multi modulated signals, the 

signals comprising a plura ity of symbols, each symbol being 

defined by phase differenc s between simultaneous carriers 

having different frequenc'es, the method comprising the 

steps of: 

determining respective 

different symbols; 

of the same carrier in 

eiiminating phase shift 

codeable phase shifts 

respective phase deviations; 

certainties corresponding to 

the phases to determine 

determining a frequency by determining a phase 

w difference between the phase eviations; and 

performing a feedback 

deviation based on the 

In accordance with a third 

provides a method of 

of said carrier frequency 

frequency offset. 

the present invention 

fine frequency synchro-

kJ nization compensating for frequency deviation from 

an oscillator frequency in multi-carrier demodulation 

system of the type capable of carrying out a differential 

phase decoding of multi-carr modulated signals, the 

signals comprising a plurality symbols, each symbol being 

defined by phase differences b tween simultaneous carriers 

having different frequencies, method comprising the 

steps of: 

for a plurality of carriers in 

determining a phase difference 

carrier in different symbols; an 

determining a frequency offset 

uncertainties corresponding to 

symbols: 

phases of the same 

eliminating phase shift 

deable phase shifts from 

Fraunhofer Ex 2018-17 
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the phase difference; 

determining and averaged requency offset by·averaging the 

determined frequency offs t of the plurality of carriers; 

and 

performing a feedback 

based on the averaged 

frequency deviation 

In accordance with a 

provides a method of 

nization compensating for a 

aspect, the prese~t invention 

ing a fine frequency synchro

arrier frequency deviation from 

an oscillator frequency 

system of the type capable 

phase decoding of 

signals comprising a pluralit 

defined by phase differences 

having different frequencies 

steps of: 

a multi-carrier demodulation 

f carrying out a differential 

rier modulated signals, the 

of symbols, each symbol being 

between simultaneous carriers 

the method comprising the 

for a plurality of carriers in the symbols: 

determining ~espective 

different symbols; 

eliminating phase shift 

codeable phase shifts 

respective phase deviations; a 

determining a frequency 

difference between the phase 

of the same carrier in 

rtainties corresponding to 

phases to determine 

by determining a phase 

viations; 

determining an averaged frequenc offset by averaging the 

determined frequency offsets of he plurality of carriers; 

and 

performing a feedback correction 

·based on the averaged frequency of 

frequency deviation 
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determining and averaged frequency offset by averaging the

determined frequency offset of the plurality of carriers;

and

performing a feedback correction of the frequency deviation

based on the averaged frequancy offset.

In accordance with a fourth aspect, the present invention

provides a method of performing 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

phase decoding of multi-carrier modulated signals, the

of symbols, each symbol being

f carrying out a differential

signals comprising a pluralit

defined by phase differences |between simultaneous carriers

having different frequencies the method comprising the

steps of:

for a plurality of carriers in |the symbols:

determining ,respective phases of the same carrier in

aifferent symbols;

eliminating phase shift uncertainties corresponding to
codeable phase shifts from| said phases to determine

respective phase deviations; and

determining a frequency offset by determining a phase

difference between the phase daviations;

offset by averaging the

he plurality of carriers;

determining an averaged frequenc

determined frequency offsets of

and

performing a feedback correction df the frequency deviation

‘based on the averaged frequency offiset.

Fraunhofer Ex 2018-18
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In accordance with a fift 

provides an apparatus 

synchronization compensati 

deviation from an oscillate 

demodulation system of the 

differential phase 

aspect, the present invention 

performing a fine frequency 

for a carrier frequency 

frequency, for a multi-carrier 

ype capable of carrying out a 

of multi-carrier modulated 

signals, the signals compris ng a plurality of symbols, each 

symbol being defined phase differences between 

simultaneous carriers different frequencies, the 

apparatus comprising: 

means for determining difference between phases of 

the same carrier in differen symbols; 

means for determining a 

phase shift uncertainties 

shifts from the phase 

offset by eliminating 

to codeable . phase 

means for performing a feedb ck correction of the frequency 

deviation based on the determ·ned frequency offset. 

In accordance with a sixth spect, the present invention 

provides an apparatus for performing a fine frequency 

synchronization compensating for a carrier frequency 

deviation from an oscillator requency, for a multi-carrier 

demodulation system of the t e capable of carrying out a 

differential phase decoding of multi-carrier modulated 

signals, said 

each symbol 

signals compri 

being defined b 

a plurality of 

phase differences 

symbols, 

between 

simultaneous carriers having different frequencies, the 

apparatus comprising: 

means for determining respectiv phases of the same carrier 

in different symbols; 

means for 

corresponding 

eliminating se shift uncertainties 

to codeable phase shifts from the phases to 

Fraunhofer Ex 2018-19 
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determine respective phase 

means for determining a 

phase difference between 

offset by determining a 

and 

means for performing a feedbac correction of the frequency 

deviation based on the determin d frequency offset. 

In accordance with a seventh 

provides an apparatus for 

synchronization compensating 

the present invention 

rforming a fine frequency 

a carrier frequency 

deviation from an oscillator fr quency, for a multi-carrier 

demodulation system capable of carrying out a 

differential phase decoding multi-carrier modulated 

signals, the signals comprising plurality of symbols, each 

symbol being defined by phase ifferences between simulta

neous carriers having different frequencies, the apparatus 

6j comprising: 

means for determining a phase d fference between phases of 
=: 
~~ the same carrier in different s 

means for determining a 

phase shift uncertainties 

shifts from the phase difference; 

means for determining an 

averaging determined frequency 

carriers; and 

offset by eliminating 

to codeable phase 

ed frequency offset by 

o fsets of a plurality of 

means for performing a feedback co rection of the frequency 

deviation based on the averaged fre uency offset. 

In accordance with an eighth aspec , the present invention 

provides an apparatus for perforr·ng a fine frequency 
synchronization compensating for a carrier frequency 

deviation from an oscillator frequen y, for a multi-carrier 

demodulation system of the type cap~ble of carrying out a 

\ Fraunhofer Ex 2018-20 
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determine respective phase deviations;

means for determining a frequency offset by determining a

phase difference between the phase deviations; and

 
 

 

 
 
 

 

 
 

 

 

 
 

means for performing a feedback correction of the frequency

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 typ@ capable of carrying out a

agifferential phase decoding f multi-carrier modulated

signals, the signals comprising 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

the same carrier in different synbols;

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 offfsets of a plurality of

carriers; and

means for performing a feedback correction of the frequency

deviation based on the averaged frequency offset.

In accordance with an eighth aspect, 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 type caphble of carrying out a

Fraunhofer Ex 2018-20
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differential phase decoding of multi-carrier modulated 

signals, the signals comprisin a plurality of symbols, each 

symbol being defined by phase differences between simulta

neous carriers having differe t frequencies, the apparatus 

comprising: 

means for determining respecti e phases of the same carrier 

in different symbols; 

means for eliminating 

corresponding to codeable 

determine respective phase 

shift uncertainties 

shifts from the phases to 

means for determining a freque cy offset by determining a 

phase difference between 

means for determining an aged frequency offset by 

averaging determined frequency offsets of a plurality of 

carriers; and 

means for performing a feedback orrection of the frequency 

deviation based on the averaged equency offset. 

The present invention relates to methods and apparatus for 

performing a fine frequency synch onization compensating for 

a carrier frequency deviation fro an oscillator frequency. 

This fine frequency synchronizati n is preferably performed 

after completion of a coarse frequ ncy synchronization, such 

that the frequency offsets the coarse frequency 

synchronization are smaller half the sub-carrier 

distance in the MCM signal. the frequency offsets 

which are to be corrected by the inventive fine frequency 

synchronization methods and appara us, a correction of the 

frequency offsets by using phase rotation with 

differential decoding and de-mapping in the time axis can be 

used. The frequency offsets are det cted by determining the 

frequency differences between 

symbols along the time axis. 

contiguous sub-carrier 

frequency error is 

Fraunhofer Ex 2018-21 
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calculated by measuring th rotation of the I-Q cartesian 

coordinates of each sub-ca 

ments, averaging them ove 

symbol. 

and, in preferred embodi

all n sub-carriers of a MCM 

Firstly, the phase ambiguity or uncertainty is eliminated by 

using a M-PSK decision devic 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.restru~turing the 

frequency error in form o 

Alternatively, the phase offs 

of one MCM symbol can be av 

a feed-backward structure. 

the sub-carrier symbols 

over all of the active 

carriers of a MCM symbol, whe ein the averaged phase offset 

is used to restructure the fre uency error. 

In accordance with the presen invention, the determination 

of the frequency offset 

domain. The feedback 

in the frequency 

in accordance with the 

inventive fine frequency synch is performed in the 

time domain. To this end, a di decoder in the time 

domain is provided in order frequency offsets of 

sub-carriers on the basis of phases of timely successive 

sub-carrier symbols of differen MCM symbols. 

BRIEF DESCRIPTION F THE DRAWINGS 

In the following, preferred of the present 

invention will be explained the basis of the 

drawings enclosed, in which: 

Figure 1 shows a schematic ove 

system to which the 

applied; 

of a MCM transmission 

resent application can be 

Figures 2A and 2B show schematic v ews representing a scheme 

for differential mappin in the time axis and a 

Fraunhofer Ex 2018-22 
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Figure 3 

Figure 4 

Figure 5 

Figure 6 

Figure 7 

Figure 8 

Figure 9 
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. scheme 

axis; 

mapping in the frequency 

shows a function 1 block diagram for performing a 

differential map ing in the frequency axis; 

shows a represen ation of time variation of all 

sub-carriers in CM symbols; 

shows a QPSK-con tellation for each sub-carrier 

with a frequency ffset; 

shows a 

position 

general 

of 

block diagram 

inventive 

illustrating the 

fine frequency 

synchronization d vice in a MCM receiver; 

shows a block dia the fine frequency error 

detector shown ·in Figure 6; 

shows a block 

comprising a co 

unit and a fine f 

shows a block 

coarse 

diagram of a MCM receiver 

se frequency synchronization 

quency synchronization unit; 

performing a 

Figure 10 shows a schematic 

for performing a 

tion; 

of a reference symbol used 

oarse frequency synchroniza-

Figure 11 shows a schematic · iew of a typical MCM signal 

having a frame stru 

Figure 12 shows scatter 

differential 

illustrating 

correction; 

of the output of an 

of a MCM receiver for 

of an echo phase offset 
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axis;  

 
 
 

 
 

 
 
 

 

Figure 3 shows a functional block diagram for performing a

aifferential mapping in the frequency axis;

Figure 4 shows a representation of time variation of all

Figure 5 shows a QPSK-con tellation for each sub-carrier

Figure 6 shows a general {block diagram illustrating the

position of the inventive fine frequency

synchronization device in a MCM receiver; 
Figure 7 shows a block diagram of the fine frequencyerror

detector shown in|Figure 6;I

Figure 8 shows a block |diagram of a MCM-= receiver

comprising a coarse frequency synchronization

unit and a fine frequency synchronization unit; 
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 oarse frequency synchroniza-

tion;

Figure 11 shows a schematic yiew of a typical MCM signal

having a frame structure;

Figure 12 shows scatter diagrams of the output of an

differential de-mapper of a MCM receiver for

illustrating the effdct of an echo phase offset

correction;

Fraunhofer Ex 2018-23

Sirius XM v Fraunhofer, IPR2018-0068 1



• - 11 - • 
Figure 13 shows a schematic lock diagram for illustrating 

the position and he functionality of an echo 

phase offset correc ion unit; 

Figure 14 shows a schematic lock diagram of a preferred 

form of an echo ph se offset correction device; 

and 

Figure 15 shows schematic iews for illustrating a 

projection performed by another echo phase offset 

correction algorithm 

DETAILED DESCRIPTION F THE EMBODIMENTS 

Before discussing the present 'nvention in detail, the mode 

of operation of a MCM trans ission system is described 

referring to figure 1. 

Referring to Figure 1, at 100 a MCM transmitter is shown 

that substantially corresponds to a prior art MCM trans

mitter. A description o'E such a MCM transmitter can be 

kJ found, for example, in William . Zou, Yiyan Wu, "COFDM: AN 

OVERVIEW", IEEE Transactions on Broadcasting, vol. 41, No. 

1, March 1995. 

A data source 102 provides a ser al 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 ( FFT) 110 is performed on 

the sequence of spectra 108 in o der 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 

intersyrnbol interference (ISI) caused by multipath 

distortion, a unit 114 is provid 

interval of fixed length between 

time. In accordance with a 

for inserting a guard 

adjacent MCM symbols in 

embodiment of the 
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present invention, the ast part of the useful MCM symbol is 

used as the guard al by placing same in front of the 

useful symbol. The resu 

Figure 1 and correspon 

MCM symbol is shown at 115 in 

a MCM symbol 160 depicted in 

Figure 11. 

Figure 11 shows the co struction of a typical MCM signal 

having a frame structure One frame of the MCM time signal 

is composed of a plural· ty of MCM symbols 160. Each MCM 

symbol 160 is formed by an useful symbol 162 and a guard 

interval 164 associated herewith. As shown in Figure 11, 

each frame comprises one symbol 166. The present 

invention can advantageous y be used with such a MCM signal, 

however, such a signal not necessary for 

performing the present inv ntion as long as the transmitted 

signal comprises a useful p rtion and at least one reference 

symbol. 

In order to obtain the final frame structure shown in Figure 

11, a unit 116 for adding a reference symbol for each pre

determined number of MCM symb ls is provided. 

In accordance with the invention, the reference 

symbol is an amplitude bit sequence. Thus, an 

amplitude modulation of a sequence is performed such 

that the envelope of the ampl •tude modulated bit sequence 

defines a reference pattern o the reference symbol. This 

reference pattern defined by e envelope of the amplitude 

modulated bit sequence has to be detected when receiving the 

MCM signal at a MCM receiver. I a preferred embodiment of 

the present invention, a pseudo 

good autocorrelation properties 

that is amplitude modulated. 

bit sequence having 

used as the bit sequence 

The choice of length and repeti ti n 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 rate and the 
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length of the reference symbol, in other words the number of 

useful symbols in frame, depends on the receiver 

requirements concerning mean time for initial synchroniza

tion and mean time for esynchronization after synchroniza

tion loss due to a chann 

The resulting MCM signal having the structure shown at 118 

in Figure 1 is applied o the transmitter front end 120. 

Roughly speaking, at t transmitter front end 120, a 

digital/analog conversion 

signal is performed. 

transmitted through a chan 

and an up-converting of the MCM 

signal is the MCM 

Following, the mode of op ration of a MCM receiver 13 0 is 

shortly described referrin to Figure 1. The MCM signal is 

received at the receiver end 132. In the receiver 

front end 132, the MCM 

furthermore, an analog/di 

converted signal is 

is down-converted and, 

conversion of the down-

The down-converted MCM is provided to a symbol 

frame/carrier frequency sync onization unit 134. 

A first object of the 

synchronization unit 134 is 

frame/carrier frequency 

o perform a frame synchroni-

zation on the basis of the amplitude-modulated reference 

symbol. This frame synchroniza ion is performed on the basis 

of a correlation between the a litude-demodulated reference 

symbol· an a predetermined in the 

MCM receiver. 

A second object of the symbol ramefcarrier frequency syn

chronization unit is to perform coarse frequency synchron

ization of the MCM signal. this end, the symbol 

frame/carrier frequency synchroni ation unit 134 serves as a 

coarse frequency synchronization 

coarse frequency offset of the 

example, by a difference of 

unit for determining a 

ier frequence caused, for 

frequencies between the 
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local oscillator of th+ transmitter and the local oscillator 

of the receiver. The determined frequency is used in order 

to perform a coarse \frequency correction. The mode of 

operation of the coar,e frequency synchronization unit ·is 

described in detail re erring to Figures 9 and 10 herein

after. 

As described above, 

determines the location 

frame synchronization unit 134 

the reference symbol in the MCM 

symbol. Based on the det rmination of the frame synchroniza

tion unit 134, a symbol extracting unit 136 

extracts the framing inf rmation, i.e. the reference symbol, 

from the MCM symbol comi g from the receiver front end 132. 

After the extraction of e reference symbol, the MCM signal 

is applied to a guard in erval removal unit 138. The result 

of the signal process in· performed hereherto in the MCM 

receiver are the useful M M symbols. 

The useful MCM 

removal unit 138 

from the guard interval 

· ded to a fast Fourier transform 

unit 140 in order to provife a sequence of spectra from the 

useful symbols. Thereafte~, the sequence of spectra is 

provided to a carrier-bit \mapper 142 in which the serial 

bitstream is recovered. Thi\serial bitstream is provided to 
a data sink 144. 

Next, referring to Figures 2A and 2B, two modes for 

differential mapping are delcribed. In Figure 2A, a first 

method of differential mappiJf along the time axis is shown. 

As can be seen from Figure lA, a MCM symbol consists of K 

sub-carriers. The sub-cafriers comprise different 

frequencies and are, in a preferred embodiment, equally 

spaced in the frequency Axis direction. When using 

differential mapping along th~ time axis, one or more bits 

are encoded into phase andfo~\amplitude shifts between two 

sub-carriers of the same cent1 frequency in adjacent MCM 

symbols. The arrows depicted beuween the sub-carrier symbols 

correspond to information encod~~ in amplitude and/or phase 
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shifts between two sJ -carrier symbols. 

A second method 

2B. The present 

system using the 

ferential mapping is shown in Figure 

adapted for MCM transmission 

scheme shown in Figure 2B. This 

mapping scheme is a differential mapping inside one 

MCM symbol along the f equency axis. A number of MCM symbols 

200 is shown in Figure 2B. Each MCM symbol 200 comprises a 

number of sub-carrier The arrows 204 in Figure 

2B illustrate informat on encoded between two sub-carrier 

symbols 202. As can 

mapping scheme is 

MCM symbol along the 

In the embodiment 

(k=O) in an MCM symbol 

carrier 206 (shaded) 

between the reference 

carrier 208. The other 

encoded between 

Thus, for every MCM 

seen from the arrows 204, this 

mapping within one 

axis direction. 

the first sub-carrier 

is used as a reference sub

that information is encoded 

and the first active 

formation of a MCM symbol 200 is 

respectively. 

an absolute phase reference 

exists. In accordance Figure 2B, this . absolute phase 

reference is supplied by reference symbol inserted into 

every MCM symbol (k=O). The reference symbol can either have 

a constant phase for 

from MCM symbol to MCM 

symbols or a phase that varies 

A varying phase can be 

obtained by replicating the from the last subcarrier 

of the MCM symbol preceding i time. 

In Figure 3 a preferred 

performing a differential map 

mbodiment of a device for 

the frequency axis 

is shown. Referring to Figure , assembly of MCM symbols in 

the frequency domain using di ferential mapping along the 

frequency axis according to the present invention is 

described. 

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

NFFT designates the number\ of complex coefficients of the 

discrete Fourier tr nsform, number of subcarriers 

respectively. 

K designates the number 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-a y mapping schemes (MPSK) like 

2-PSK, 8-PSK, 16-QAM, 16-APS , 64-APSK etc. are possible. 

Furthermore, for ease of and minimization of 

aliasing effects some subcarr ers are not used for encoding 

information in the device in Figure 3. These sub-

carriers, which are set to constitute the so-called 

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

spectrum. 

At the input of the mapping device shown in Figure 3, 

complex signal pairs bO[k], b1[ of an input bitstream are 

received. K complex signal pair are assembled in order to 

form one MCM symbol. The signal are encoded into the K 

differential phase shifts phi[k] for assembly of one 

MCM symbol. In this embodiment, m pping from Bits to the o, 
90, 180 and 270 degrees phase shi ts is performed using Gray 

Mapping in a quadrature phase shif keying device 220. 

Gray mapping is used to prevent 

phase errors smaller than 135 

errors at the receiver. 

t differential detection 

Differential phase encoding of the 

a differential phase encoder 222. 

cessing, the K phases phi [k] gener 

mapper are differentially encoded. 

cause double bit 

is performed in 

stage of pro

by the QPSK Gray 

a feedback 
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following parameters:

Nepy designates the number| of complex coefficients of the
discrete Fourier transform, number of subcarriers

respectively.

 
 

 

K designates the number $f 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-ary mapping schemes (MPSK) like

2~-PSK, 8-PSK, 16-QAM, 16-APSK\|, 64-APSK etc. are possible.

Furthermore, for ease of filtering and minimization of

aliasing effects some subcarriers are not used for encoding 
information in the device shown in Figure 3. These sub-

carriers, which are set to zero, constitute the so-called

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

 en
spectrum.

At the input of the mapping \device shown in Figure 3,

complex signal pairs bO[k], bi[kK] of an input bitstream are

are assembled in order to

 
‘i
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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 0O,
90, 180 and 270 degrees phase shifits is performed using Gray

Mapping in a quadrature phase shift keying device 220.

airs are encoded into the K

Gray mapping is used to prevent that differential detection

phase errors smaller than 135 ddgrees cause double bit

errors at the receiver.

phases is performed in

t this stage of pro-

Differential phase encoding of the

a differential phase encoder 222.

cessing, the K phases phi{k] generated by the QPSK Gray

mapper are differentially encoded. In\principal, a feedback
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loop 224 calculates cumulative sum over all K phases. As 

starting point for t e first computation (k = 0) the phase 

of the reference 226 is used. A switch 228 is 

provided in order 

the reference 

provide either the absolute phase of 

226 or the phase information 

encoded onto the prece (i.e. z-1, where z-1 denotes the 

unit delay operator) to a summing point 230. At 

the output of the diff rential phase encoder 222, the phase 

information theta(k] w"th which the respective subcarriers 

are to be encoded is p ovided. In preferred embodiments of 

the present invention, he subcarriers of a MCM symbol are 

equally spaced in the fr quency axis direction. 

The output of the ferential phase encoder 222 is 

connected to a unit for generating complex subcarrier 

symbols using the phase "nformation theta(k]. To this end, 

the K differentially enco ed phases are converted to complex 

symbols by multiplication with 

factor* ej*[2*pi*(theta(k] +PHI)] (Eq.1) 

wherein factor designates 

an additional angle. The 

angle PHI are optional. 

DQPSK signal constellation 

scale factor and PHI designates 

factor and the additional 

chaos ing PHI = 4 5° a rota ted 

Finally, assembly of a 

assembling unit 234. One 

carriers is assembled from 

are "zero", one reference 

subcarrier symbols. Thus, 

composed of K complex 

information, two guard bands 

complex values and a reference 

symbol is effected in an 

symbol comprising NFFT sub

T-K-1 guard band symbols which 

symbol and K DQPSK 

assembled MCM symbol 200 is 

containing the encoded 

both sides of the NFFT 

The MCM symbol has been assembl d in the frequency domain. 

For transformation into the time domain an inverse discrete 

Fourier transform (IDFT) of of the assembling 
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loop 224 calculates cumulative sum over all K phases. As

starting point for the first computation (k = 0) the phase

of the reference carrier 226 is 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. z71, where z~1 denotes the

unit delay operator) stibcarrier 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 ptovided. In preferred embodiments of

the present invention, he subcarriers of a MCM symbol are
equally spaced in the frequency axis direction.

The output of the dijffferential phase encoder 222 is

connected to a unit 232) for generating complex subcarrier

symbols using the phase linformation thetaf{k]. To this end,

the K differentially encofled phases are converted to complex

symbols by multiplication |with

factor * ej*(2*pi*(thetal[k] + PHT) } (Eq. 1)

wherein factor designates scale factor and PHI designates

an additional angle. The &cale factor and the additional

angle PHI are optional. By choosing PHI = 45° a rotated
DOPSK signal constellation can 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 Nppp-K-1 guard band symbols which
are "zero", one reference sWbcarrier 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 jat both sides of the Nppop

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 \joutput of the assembling
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unit 234 is performed b a transformator 236. In preferred 

embodiments of the prese t invention, the transformator 236 

is adapted to perform a f st Fourier transform {FFT) . 

Further processing MCM signal in the transmitter as 

well as in the receiver s as described above referring to 

Figure 1. 

At the receiver a de-mappi g device 142 (Figure 1) is needed 

to reverse the operations 

above referring to Figur 

demapping device is 

be described herein 

of the mapping device described 

3. The implementation of the 

and, therefore, need not 

The differential mapping along the frequency axis direction 

is suitable for (OFCM) digital broadcasting 

over rapidly changing path channels. In accordance 

with this mapping scheme, here is no need for a channel 

stationarity 

differential 

create a new 

exceeding 

mapping 

problem. 

one 

into 

In 

multi-carrier symbol. However, 

frequency axis direction may 

multi path environments, path 

echoes succeeding or preceding the main path can lead to 

systematic phase offsets be sub-carriers in the same 

provide a MCM symbol. Thus, it wil be preferred to 

correction unit in eliminate such phase offsets. 

Because the channel phase offsets between 

differential demodulated symb ls are systematic errors, they 

can be corrected by an a1g rithm. In principle, such an 

algorithm must calculate the echo induced phase offset from 

the signal space following the differential 

demodulation and subsequently correct this phase offset. 

Examples for such echo 

described at the end of 

Figures 12 to 15. 

correction algorithms are 

specification referring to 

Next, the fine frequency synch onization in accordance with 

the present invention will be d scribed referring to Figures 
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embodiments of the present invention, the transformator 236

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

Further processing of the MCM signal in the transmitter as

well as in the receiver iis as described above referring to 

 

 

 
 
 

 
 

 

 
 

 

Figure 1.

At the receiver a de-mapping 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 along the frequency axis direction

is suitable for multi-carrjier (OFCM) digital broadcasting

ever rapidly changing multi path channels. In accordance

with this mapping scheme, here 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

ween sub-carriers in the same

be preferred to provide a

systematic phase offsets be

MCM symbol. Thus, it wil

eliminate such phase offsets.

ced phase offsets between

correction unit in order to

Because the channel ind

differential demodulated symbpls are systematic errors, they
can be corrected by an algorithm. In principle, such an

algorithm must calculate the ‘echo induced phase offset from
the signal space constellatipn following the differential.

demodulation and subsequently |correct this phase offset.

Examples for such echo phage correction algorithms are

described at the end of thi

Figures 12 to 15.

specification referring to

Next, the fine frequency synchyonization in accordance with

the present invention will be dda@scribed referring to Figures
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4 to 8. As mentioned abov , the fine frequency synchroniza

tion in accordance with t present invention is performed 

after completion of the frequency synchronization. 

Preferred embodiments of coarse frequency synchroni-

zation which can be perfo med by the symbol frame/carrier 

frequency synchronization nit 134 are described hereinafter 

referring to Figures 9 10 after having described the 

fine frequency synchroni in accordance with the 

present invention. 

With the fine frequency in accordance wit~ 

the present invention fre uency offsets which are smaller 

than half the sub-carrier istance can be corrected. Since 

the frequency offsets are 1 w and equal for all sub-carriers 

the problem of fine freque cy synchronization is reduced to 

sub-carrier level. Figure is a schematical view of MCM 

symbols 200 in the uency plane. Each MCM symbol 200 

consists of 432 sub-carri symbols c 1 to C432 • The MCM 

symbols are arranged along the time axis, the first MCM 

symbol 200 shown in Figure 4 having associated therewith a 

time T1 , the next MCM symbo having associated therewith a 

time T2 and so on. nee with a preferred embodiment 

of the present invention, th fine frequency synchronization 

is based on a phase rotation which is derived from the same 

sub-carrier of two MCM which are adjacent in the 

time axis direction, for C1/T1 and C1/T2 • 

In the following, the pr 

referring to QPSK mapping 

Keying). However, it 

invention is described 

= Quadrature Phase Shift 

s that the present invention 

can be applied to any ing, wherein M designates the 

number of phase states used fo encoding, for example 2, 4, 

81 16 • • • • 

Figure 5 represents a complex coordinate system showing a 

QPSK constellation for each ub-carrier with frequency 

offset. The four possible phas positions of a first MCM 

symbol, MCM-symbol-1 are shown 300. Changing from the 
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sub-carrier (sub-carri n) of this MCM symbol to the same 

sub-carrier of the n xt MCM symbol, MCM-symbol-2, the 

position in the QPSK co stellation will be unchanged in case. 

there is no frequency offset. If a frequency offset is 

present, which is smal er than half the distance between 

sub-carriers, as menti 

causes a phase rotati 

MCM-symbol-2 compared 

above, this frequency offset 

of the QPSK constellation of 

MCM-symbol-1. The new QPSK 

constellation, that is e four possible phase positions for 

the subject sub-carrier f MCM-symbol-2 are shown at 302 in 

Figure 5. This phase 

following equation: 

ation e can be derived from the 

(Eq.2) 

en designates the QPSK con tellation of a sub-carrier n in a 

MCM symbol. n is an inde running from 1 to the number of 

active sub-carriers in the MCM symbol. Information regarding 

the frequency offset is co tained in the term ei21ifqfftl,r~.~.:u of 

equation 2. This offset is identical for all 

sub-carriers. Therefore, e phase rotation e is identical 

for all sub-carriers as well. Thus, averaging overall 

sub-carrier of a MCM symbol can be performed. 

Figure 6 shows a block dia am of a MCM 

the present invention is ·mplemented. 

converter 310 is provide in order 

receiver in which 

An analog/digital 

to perform an 

analog/digital conversion 

received at the receiver f 

a down-converted signal 

end 132 (Figure 1). The 

output of the analog/digital onverter 310 is applied to a 

low path filter and decimator The low path filter 

is an impulse forming filte which is identical to an 

impulse forming filter in MCM transmitter. In the 

decimator, the signal is at the MCM symbol 

frequency. As described above r ferring to Figure 1, guard 

intervals in the MCM signal are emoved by a guard interval 

removal unit 132. Guard interval are inserted between two 
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MCM symbols in the in order to avoid inter-

symbol interference cau ed by channel memory. 

The output of the guard "nterval removal unit 132 is applied 

to a MCM demodulator which corresponds to the fast 

Fourier transformator shown in Figure 1. Following the 

MCM demodulator 314 a d"fferential decoding unit 316 and a 

demapping unit 318 provided. In the differential 

decoding unit 316, 

differential decoding. 

information is recovered using 

the demapping unit 318, demapping 

along the frequency axis direction is performed in order to 

reconstruct a binary sig from the complex signal input 

into the demapping unit 3 

The output of adulator 314 is also applied to 

fine frequency error dete tor 320. The fine frequency error 

detector 320 produces frequency error signal from the 

output of the MCM demodul In the depicted embodiment, 

the output of the fine requency error detector 3 2 0 is 

applied to a numerical con rolled oscillator 322 via a loop 

filter 324. The loop filt is a low path filter for 

filtering superimposed 

frequency from the slow 

numerical controlled 

signal on the basis of 

carrier signal produced 

oscillator 322 is used for 

e 

portions of a higher 

varying error signal. The 

322 produces a carrier 

filtered error signal. The 

the numerical controlled 

frequency correction which is 

performed by ·making use of a complex multiplier 326. The 

inputs to the complex multip ier 326 are the output of the 

low path filter and decimator unit 312 and the output of the 

numerical controlled oscillat 

A description of a embodiment of the fine 

frequency error detector 320 i given hereinafter referring 

to Figure 7. 

The fine frequency error 320 comprises a 

differential detector in the 330. The output of 
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i.e. the 

applied 

330 which 

• 
FFT output ( FFT = Fast 

to the input of the 

performs a differential 

detection in the time xis in order to derive information on 

a frequency offset 

subsequently arriving 

in Figure 7, the 

the differential 

the first and the 

associated with 

the same sub-carrier of two 

symbols. In the embodiment shown 

active sub-carriers is 432. Thus, 

r 330 performs a correlation between 

3rd sample. The first sample is 

(Figure 5), whereas the 433rd 

sample is associated wi h MCM-symbol-2 (Figure 5). However, 

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

To this end, the input signal Yk is applied to a z- 1-block 

332 and thereafter to 

complex conjugate of 

complex multiplier 336 

output of the unit 334 

the multiplier 336 is a 

a unit 334 in order to form the 

output of the z-Lblock 332. A 

provided in order to multiply the 

the input signal Y~:· The output of 

ignal Z~:· 

The function of the d'fferential detector 330 can be 

expressed as follows: 

(Eq.3) 

Y=[~,J; .... ~ .... ) (Eq.4) 

(Eq.5) 

the Y~: designates the output of the MCM modulator 314, i.e. 

input to the differential detector 3 3 o, at a time k. Z~: 

designates the output of t~ differential detector 330. K 
designates the number of act ve carriers. 

The output Zk of the differ ntial detector 3 3 0 contains a 

M-fold uncertainty correspon ing to codeable phase shifts. 

In case of the QPSK this old uncertainty is a 4-fold 

uncertainty, i.e. 0°, 90°, o and 270°. This phase shift 
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the MCM demodulator 314, i.e. the FFT output (FFT = Fast

 

 
 
 

 

 

 

 

Fourier Transform) ils 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 rom 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 detectbr 330 performs a correlation between

the first and the 433rd sample. The first sample is

associated with MCM-synlbol-1 (Figure 5), whereas the 433rd

sample is associated wilth MCM-symbol-2 (Figure 5). However,
both these samples are associated with the same sub-carrier.

To this end, the input |signal Y, is applied to a z'-block
332 and thereafter to |a unit 334 in order to form the

complex conjugate of the output of the z'-block 332. A
complex multiplier 336 if provided in order to multiply the

output of the unit 334 by the input signal Y,. The output of

the multiplier 336 is a

The function of the differential detector 330 can be

expressed as follows:

Z, =Yoe Ye
& k+K k (Eq. 3)

y=[¥,¥%...%.... (Eq. 4)

Eq.5

¥ =[C,/7,,.C)/7,,.-.Cyn/ TC, /T\] (Ba 5)
¥, 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 active carriers.

The output Z of the differential detector 330 contains a

M-fold uncertainty corresponding to codeable phase shifts.

In case of the QPSK this M-fold uncertainty is a 4-fold

uncertainty, i.e. 0°, 90°, 18Q° and 270°. This phase shift
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uncertainty is from Z~c making use of a M-PSK 

decision device h decision devices are known in the 

art and, therefore, hav not to be described here in detail. 

"" The output of the deci ion device 340 (a~c)* represents the 

complex conjugate of th codeable phase shift decided by the 

decision device 340. 

is correlated with the 

330 by performing 

multiplier 342. 

a 

The output the multipli 

s output of the decision device 340 

utput of the differential detector 

complex multiplication using a 

represents the phase offset 

for the respective sub-c rriers. This phase offsets for the 

respective sub-carriers 

an averaging unit 344 

embodiment of the pres 

averaging units 344 

frequency error detector 

re averaged over one MCM symbol in 

in accordance with a preferred 

invention. The output of the 

resent the output of the fine 

20. 

The mathematical descri tion for this procedure is as 

follows: 

(Eq.6) 

In accordance with embodiments of the present 

invention, the frequency control loop has a backward 

structure. In the embodimen shown in Figure 6, the feedback 

loop is connected between t e output of the MCM demodulator 

314 and the input of the gua d 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 is shown. As shown in 

Figure 8, a common complex ultiplier 326 can be used in 

order to perform the frequency correction and the 

fine frequency correction. 

multiplier 326 can be provided 

and decimator unit 312. 

shown in Figure 8, the 

receding the low path filter 

ing on the position of the 
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multiplier 326, a hold nit has to be provided in the fine 

frequency synchronizati n feedback loop. In an alternative 

embodiment, it is possi to use two separate multipliers 

for the coarse correction and for the fine 

frequency correction. In such a case, the multiplier for the 

coarse frequency correc arranged preceding the 

low path filter and dec whereas the multiplier 

for the fine frequency c rrection will be arranged following 

the low path filter and unit. 

Following, preferred emb diments for implementing a coarse 

frequency synchronizatio will be described referring to 

Figures 9 and 10. 

As it is shown in Figure 

end 132 is connected to a 

, the output of the receiver front 

analog/digital converter 310. The 

down-converted MCM signal is sampled at the output of the 

analog/digital converter 10 and is applied to a framejti-

ming synchronization unit 360. In a preferred embodiment, a 

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

provided preceding the fra ejtiming synchronization unit in 

order to eliminate fast c annel fluctuations. The fast AGC 

is used in addition to the normally slow AGC in the signal 

path, in the case ission over a multipath channel 

with long channel impulse 

fading. The fast AGC adjust 

esponse and frequency selective 

the average amplitude range of 

the signal to the known av rage amplitude of the reference 

symbol. 

As described above, the synchronization unit 

uses the amplitude-modulated sequence in the received signal 

in order to extract the fr ing information from the MCM 

signal and further to remove the guard intervals therefrom. 

After the frame/timing synchr unit 360 it follows a 

coarse frequency synchronizat on unit 362 which estimates a 

coarse frequency offset base on the amplitude-modulated 

sequence of the reference sym 1 of the MCM signal. In the 

coarse frequency unit 362, a frequency 
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offset of the carriel frequency with respect to the 

oscillator frequency inl the MCM receiver is determined in 

oder to perform a freq ency offset correction in a block 

364. This frequency et correction in block 364 is per

formed by a complex multiplication. 

The output of the frequ ncy offset correction block 364 is 

applied to the MCM d adulator 366 formed by the Fast 

Fourier Transformator 

shown in Figure 1. 

and the carrier-bit mapper 142 

In order to perform ttie coarse frequency synchronization 

described herein, an !amplitude-demodulation has to be 

performed on a preprocessed MCM signal. The preprocessing 

may be, for example!, the down-conversion and the 

analog/digital conversio~ of the MCM signal. The result of 

the amplitude-demodulati~n of the preprocessed MCM signal is 

an envelope representing\the amplitude of the MCM signal. 

For the amplitude demoduQation a simple alphamax+ betamin

method can be used. This \method is described for example in 

Palachels A.: DSP-mP Routine Computes Magnitude, EON, 
\ October 26, 1989; and Adams, w. T., and Bradley, J.: 

Magnitude Approximations tor Microprocessor Implementation, 

IEEE Micro, Vol. 3, No. 5,\0ctober 1983. 

It is clear that amplitude determining methods different 

from the described alphamak+ betamin- method can be used. 

For simplification, it is ~ossible to reduce the amplitude 

calculation to a detectiJn as to whether the current 

amplitude is above or belbw the average amplitude. The 

output signal then consists ~f a -1/+1 sequence which can be 

used to determine a coarse f1equency offset by performing a 

correlation. This correlatio~ can easily be performed using 

a simple integrated circuit(~). 

In addition, an oversampling o~ the signal received at the 

RF front end can be performed\ For example, the received 
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offset of the carrier frequency with respect to the

oscillator frequency inj the MCM receiver is determined in

oder to perform a frequency offset correction in a block

364. This frequency offset correction in block 364 is per-

formed by a complex multliplication.

The output of the frequency offset correction block 364 is

applied to the MCM demodulator 366 formed by the Fast

Fourier Transformator 40 and the carrier-bit mapper 142

shown in Figure 1.

In order to perform the coarse ‘frequency synchronization
described herein, an jamplitude-demodulation has to be

performed on a preprocessed MCM signal. The preprocessing

may be, for exon 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 demodulation a simple alphaysy;y betapjn-
method can be used. This |method is described for example in

Palachels A.: DSP-mP Routine Computes Magnitude, EDN,

October 26, 1989; and Adams, W. T., and Bradley, J.:

Magnitude Approximations for Microprocessor Implementation,

IEEE Micro, Vol. 3, No. 5,\October 1983.

It is clear that amplitude determining methods different

from the described alphapay, betapnjyp- method can be used.
For simplification, it is possible to reduce the amplitude

calculation to a detection as to whether the current

amplitude is above or below the average amplitude. The

output signal then consists of a -1/+1 sequence which can be

used to determine a coarse frequency offset by performing a

correlation. This correlation, can easily be performed using

a simple integrated circuit (HC).

In addition, an oversampling of the signal received at the

RF front end can be performed). For example, the received
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signal can be expressed · ith two times oversampling. 

In accordance with a fi st embodiment, a carrier frequency 

offset of the MCM signal from an oscillator frequency in the 

MCM receiver is determ·ned by correlating the envelope 

obtained by performin the amplitude-demodulation as 

described above with a pr determined reference pattern. 

In case there is no frequ ncy offset, the received reference 

symbol r(k} will be: 

r(k) = SAM(k) + n(k) (Eq.7) 

wherein n(k} designates 'additive Gaussian noise" and SAM 

denotes the AM sequence hich has been sent. In order to 

simplify the calculation t e additive Gaussian noise can be 

neglected. It follows: 

(Eq. 8) 

In case a constant freque cy offset ~ f is present, the 

received signal will be: 

(Eq.9} 

Information regarding the f equency offset is derived from 

the correlation of the signal r (k) with the AM 
0 

sequence S~ which is known i the receiver: 

~ L 
2 2 

Lr(k)·S.:U(k) = L:lsAM(k)i
2
ei2

"411<T.a{ 

k=l k=l 
( Eq. 10) 

Thus, the frequency offset is: 

(Eq. 11) 

Since the argument of js~(k) j2 zero the frequency offset 
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signal can be expressed with two times oversampling.

In accordance with a first embodiment, a carrier frequency

offset of the MCM signal |jfrom an oscillator frequency in the

MCM receiver is determined 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) = Syy(K) + n(k) (Eq.7)

wherein n(k) designates fYadditive Gaussian noise" and S,,
denotes the AM sequence which has been sent. In order to

simplify the calculation the additive Gaussian noise can be

neglected. It follows:

r(k) = S,(k) (Eq.8)

In case a constant frequency offset Af is present, the

received signal will be:

 
i

F(R) = Sgy (h)- 67Tem (Bq-9)

Information regarding the frequency offset is derived from

the correlation of the recéived signal ¥(k) with the AM
sequence S,, which is known in the receiver: 

 
 

 

£ £
2 2

DPE) Sine (b) = 21Sye (K)|0m (Eq. 10)
Thus, the frequency offset is:

£ L
1 2 2

A = 3 k or _ 2v 22Tcas r Dr ) Sins (k) arg 2218aue(4)] (Eq. 11)

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

11f = 2 ). arg[±r(k)· · J 
7T MCM k=l (Eq.12) 

In accordance with a second embodiment of the coarse fre

quency synchronizati algorithm, a reference symbol 

comprising at least tw identical sequences 370 as shown in 

Figure 10 is used. Figu e 10 shows the reference symbol of a 

MCM sign~l having two i entical sequences 370 of ? length of 

L/2 each. L designate the number of values of the two 

sequences 370 of the re 

As shown in Figure within the amplitude-modulated 

sequence, there are at 1 ast two identical sections devoted 

to the coarse frequency 

each containing L/2 

Two such sections, 

are shown at the end of the 

amplitude-modulated seque ce in Figure 10. The amplitude

modulated sequence contain a large number of samples. For a 

non-ambiguous observation f the phase, only enough samples 

to contain a phase rotatio of 2n should be used. This num

ber is defined as L/2 in Fi 

Following, 

a carrier frequency 

with Figure 10, the 

identical sequences 370: 

ivation of the determination of 

is presented. In accordance 

equation applies for the two 

If no frequency offset is following equation 14 

will be met by the received si al: 

L 
O<k~-

2. 

(Eq.14) 

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

an index from one to L/2 for the respective samples. 
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In accordance with a|second embodiment of the coarse fre-

quency synchronizatian algorithm, a reference symbol

comprising at least two 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 10, within the amplitude-modulated

sequence, there are at least two identical sections devoted

to the coarse frequency sgynchronization. Two such sections,

each containing L/2 samples, are shown at the end of the

amplitude-modulated sequence in Figure 10. The amplitude-

modulated sequence containsS a large number of samples. For a

f£ the phase, only enough samples

of 2m should be used. This num-

non-ambiguous observation

to contain a phase rotatio

ber is defined as L/2 in Figure 10.

Following, a mathematical derivation of the determination of

a carrier frequency deviation is presented. In accordance

with Figure 10, the following equation applies for the two

identical sequences 370:

{o<ks ae {fev<t)
If no frequency offset is presént, the following equation 14

(Eq.13) .

will be met by the received signal:

L Eq.14(a+) are) O<ks> (Eq.14)

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

an index from one to L/2 for the \respective samples.
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If there is 
. '\ 

a frequ ncy offset of, for example, 41 f, the 

received signal is: 

r ( k) = r( k) • ej21IDftT/.K:AI (Eq.15) 

(Eq.16) 
L . ., wl\l'(k+!::.) r(k+-)=r(k)·e}-·.._, 2 TAM 

2 

r(k) designates sample t a lues of the received po.rtion w~ich 

are based on the identi~al sequences. Information regarding 
the frequency offset is derived from the correlation of the 

received signal r(k+L/2) with the received signal r(k). This 

corr:la~ionL;s giv:n by \,~::llowing equation: 

ttr· k +2 r(k) = ttlr(k)l2 e "\ 2 •c" < Eq. 17 > 

r* designates the complex conjugate of the sample values of 

the portion mentioned above. 

Thus, the frequency offset is 

Af = ~I ar{~;r( k+ ~) .r'\k)J- LI arg[±IF(k)j2J 
2Jr TMCM 2Jr- T. k=l (Eq. 18) 

2 2 MCM 

Since the argument of lr (k)\12 equals zero, the frequency 
offset becomes 

Af = L 
1 ar{±r( k + L)-r(k)J 

2Jr- T. k=l 2 \ ( Eq . 19 ) 2 MCM 

Thus, it is clear that in both\embodiments, described above, 

the frequency position of the maximum of the resulting out

put of the correlation determiJes the estimated value of the 
\ offset carrier. Furthermore, a1 it is also shown in Figure 

9, the correction is performed i\ a feed forward structure. 
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In case of a channel wiJh strong reflections, for example 

due to a high building d~nsity, the correlations described 

above might be insufficieht for obtaining a suitable coarse 

frequency synchronieationJ 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 mbodiment, can be weighting with 

corresponding values of stored predetermined reference 

patterns corresponding to said two identical sequences of 

the reference symbol. This weighting can mqximize the 

probability of correctly Jetermining the frequency offset. 
I 

The mathematical description of this weighting is as 

follows: 

(Eq.20) 
41= 2nf1

TMCM ar{ i,[r(k+ ~}Tk)J[sAM(k)s~(k+ ~)JJ 
SAM designates the amplitude-modulated sequence which is 

known in the receiver, Jnd s*AM designates the complex 

conjugate thereof. \ 

If the above correlations are calculated in the frequency 

dom:in, the amount of \ 

(Eq.2l) t.:.(r{ k + ~) -r·(k)][ s .M (k)s:M( k ~ ~)] 

-is used rather than the argument. This amount is maximized 

as a function of a frequency borrection. The position of the 
· d · t· I · f h f d · max1mum eterm1nes the es 1mat1on o t e requency ev.I.a-

tion. As mentioned above, thJ\correction is performed in a 

feed forward structure. 

Preferred embodiments for performing an echo phase offset 

correction when using a d~fferential mapping in the 

frequency axis will be descri~ed hereinafter referring to 

Figures 12 to 15 \ 

systematic phase. shifts stemming from echoes in mu1tipath 
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environments may occu between subcarriers in the same MCM 

symbol. This phase can cause bit errors when 

demodulating the MCM 

preferred to make u 

systematic phase 

environments. 

In Figure 12, scatter 

rential demapper of a MC 

from the left part of 

at the receiver. Thus, it is 

of an algorithm to correct the 

stemming from echoes in multipath 

iagrams at the output of a diffe

receiver are shown. As can be seen 

12, systematic phase . shifts 

between subcarriers MCM symbol cause a rotation 

of the demodulated phase shifts with respect to the axis of 

the complex coordinate s In the right part of Figure 

12, 

echo 

the demodulated 

phase offset 

after having performed an 

are depicted. Now, the 

positions of the signal po nts are substantially on the axis 

of the complex coordinate ystem. These positions correspond 

to the modulated phase sh fts of 0°, 90°, 180° and 270°, 

respectively. 

An echo phase offset corre tio~ algorithm (EPOC algorithm) 

must calculate the echo indu ed phase offset from the signal 

space constellation followin the differential demodulation 

and subsequently correct thi phase offset. 

For illustration purposes, ne may think of the simplest 

algorithm possible which eli the symbol phase before 

computing the mean of all of the subcarriers. To 

illustrate the effect of sue an EPOC algorithm, reference 

is made to the two scatter d agrams of subcarriers symbols 

contained in one MCM symbol in Figure 12. This scatter 

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 f equency networks. The echoes 

of this channel stretched to he limits of the MCM guard 

interval. The guard interval wa chosen to be 25% of the MCM 

symbol duration in this case. 
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environments may occuy between subcarriers in the same MCM

symbol. This phase ffsets can cause bit errors when

demodulating the MCM

preferred to make u

ymbol at the receiver. Thus, it is

of an algorithm to correct the

systematic phase shifts stemming from echoes in multipath

environments.

In Figure 12, scatter @iagrams 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 |shifts 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 correction 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 correction algorithm (EPOC algorithm)

must calculate the echo induted phase offset from the signal

space constellation following 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

hases of the subcarriers. To

an EPOC algorithm, reference

computing the mean of all

illustrate the effect of suc

is made to the two scatter diagrams of subcarriers symbols

contained in one MCM symbol| in Figure 12. This scatter
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

he limits of the MCM guard

chosen to be 25% of the MCM

eof this channel stretched to

interval. The guard interval wa

symbol duration in this case.
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Figure 13 represents a\ 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 transmittied through the channel 122 (Figures 

1 and 13) and received lt the receiver frontend 132 of the 

MCM receiver. The signall processing between the receiver 

frontend and the fast F urier transformator 140 has been 

omitted in Figure 13. output of the fast Fourier 

transformator is applied o the de-mapper, which performs a 

differential de-mapping along the frequency axis .. The output 

of the de-mai?per are the respective phase shifts for the 

subcarr iers. The phase of~sets of this 
are caused by echoes · n multipath 

visualized by a block 40 in Figure 

example of a scatter dia1ram of the 

without an echo phase offse correction. 

phase shifts which 

environments are 

13 which shows an 

subcarrier symbols 

The output of t~e de-mapper is applied to the input of 

an echo phase offset correc device 402. The echo phase 

offset correction device 402 vses an EPOC algorithm in order 

to eliminate echo phase offJ.ets in the output of the de

mapper 142. The result is shoLn in block 404 of Figure 13, 

i.e. only the encoded phase 1ifts, 0°, 90°, 180° or 270° 

are present at the output of correction device 402. The 

output of the correction device 402 forms the signal for the 

metric calculation which is pe formed in order to recover 

the bitstream representing the t• ansmitted information. 

A first embodiment of an EPOC \lgorithm and a device for 

performing same is now described \~ferring to Figure 14. 

The first embodiment of an EPOC ~lgorithm starts from the 

assumption that every received\ differentially decoded 

complex symbol is rotated by an a1gle due to echoes in the 
multipath channel. For the subcarriers equal spacing in 

frequency is assumed since this \represents a preferred 

embodiment. If the subcarriers were not equally spaced in 

frequency, a correction factor woul\ have to be introduced 
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into the EPOC algor1t\m. 

Figure 14 shows the <torrection device 402 (Figure 13) for 

performing the first ekbodiment of an EPOC algorithm. 

From the output of the\de-rnapper 142 which contains an echo 

phase offset as shown f~r example in the left part of Figure 

12, the phase shifts rel~ted t.o transmitted information must 
first be discarded. To t is end, the output of the de-mapper 

142 is applied to a disc rding unit 500. In case of a DQPSK 

mapping, the discarding urit can perform a 11 (.)4" .operation. 

The unit 500 projects alf received symbols into the first 

quadrant. Therefore, the 1hase 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 info mation related symbol phases in 

unit 500, the first approach to obtain an estimation would 

be to simply compute the m4an value over all symbol phases 

of one MCM symbol. However\ it is preferred to perform a 

threshold decision before ~etermining the mean value over 

all symbol phases of one MC symbol. Due to Rayleigh fading 

some of the received symb may contribute unreliable 

information to the determina 

Therefore, depending on the 

the echo phase offset. 

value of a symbol, a 

threshold decision is perfo. med in order to determine 

whether the symbol should con ribute to the estimate of the 

phase offset or not. 

Thus, in the embodiment Figure 14, a threshold 

deci:;;ion unit 510 is included. Following the unit 500 the 

absolute value and the argument of a differentially decoded 

symbol is computed in respectiv\ computing units 512 and 

514. Depending on the absolute va,ue of a respective symbol, 

a control signal is derived. This fontrol signal is compared 

with a threshold value in a deci\sion circuit 516. If the 

absolute value, i.e. the control s\gnal thereof, is smaller 
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than a certain threshold the decision circuit 516 replaces 

the angle value going the averaging operation by a 

value equal to zero. To a switch is provided in 

order to disconnect the the argument comput.ing 

unit 514 from the input o the further processing stage and 

connects the input of the further processing stage with a 

unit 518 providing nt output of "zero". 

An averaging unit 520 is ovided in order to calculate a 

se offsets ~ determi~ed for the mean value 

individual subcarrier symbo s of a MCM symbol as follows: 

-'f = 1/K 

K 

L 

i=1 
'¥· 1 (Eq.22) 

In the averaging unit 520, summation over K summands is 

performed. The output of the averaging unit 520 is provided 

to a hold unit 522 which hol s the output of the averaging 

unit 520 K times. The of the hold unit 522 is 

connected with a phase rotati unit 524 which performs the 

correction of the phase offs ts of the K complex signal 

points on the basis of the mea value~. 

The phase rotation unit 524 pe forms the correction of the 

phase offsets by making use of he following equation: 

In this equation, vk' 

differentially decoded 

designat 

symbols 

(Eq.23) 

the K phase corrected 

input into the soft-

metric calculation, whereas vk de ignates the input symbols. 

As long as a channel which is q si stationary during the 

duration of one MCM symbols can b assumed, using the mean 

value over all subcarriers MCM symbol will provide 

correct results. 

A buffer unit 527 may be provided order to buffer the 
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than a certain threshold, the decision circuit 516 replaces

the angle value going into the averaging operation by a

value equal to zero. To this end, a switch is provided in

utput of the argument computing

the further processing stage and

order to disconnect the

unit 514 from the input o

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 phase offsets ¥- determined for the
individual subcarrier symbols of a MCM symbol as follows:

(Eq.22)

In the averaging unit 520,\|summation over K summands is

performed. The output of the javeraging 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 rotatign unit 524 which performs the

correction of the phase offsets of the K complex signal

points on the basis of the mea value #.

The phase rotation unit 524 performs the correction of the

phase offsets by making use of the following equation:

VK = VR TIP (Eq. 23)

In this equation, vy’ designates the K phase corrected
differentially decoded symbols or input into the soft-

metric calculation, whereas vy, de ignates the input symbols.
As long as a channel which is quasi stationary during the

duration of one MCM symbols can b

value over all subcarriers of one\| MCM symbol will provide

assumed, using the mean

correct results.

A buffer unit 527 may be provided|\in order to buffer the
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the mean value of the phase 

determined. The output of the 

is applied to the further processing 

the soft-metric calculation. 

With respect to the res lts of the above echo phase offset 

correction, reference is made again to Figure 12. The two 

plots stem from a sim lation which included the first 

embodiment of an echo offset correction algorithm 

described above. At instant. of the sqatter diagram 

snapshot shown in t part of Figure 12, the channel 

obviously distorted the c nstellation in such a way, that a 

simple angle rotation is a 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 of the differentially detected 

symbols. 

A second embodiment of a echo phase offset correction 

algorithm is described here'nafter. This second embodiment 

can be preferably used in co with multipath channels 

that have up to two strong p The algorithm of the 

second embodiment 

first embodiment. 

the algorithm of the 

What follows is a 

embodiment of a method 

derivation of the second 

phase offset correction. The 

following assumptions can in order to ease the 

explanation of the second embod'ment of an EPOC algorithm. 

In this embodiment, the guard i terval of the MCM signal is 

assumed to be at least as long a the impulse response h[q], 

q = o, 1, ... , Qh-1 of the multi 

At the transmitter every MCM 

frequency axis mapping explained 

reference subcarrier equals 1, 

The optional phase shift PHI 

is assembled using 

The symbol of the 

0 degree phase shift. 

zero, i.e. the DQPSK 
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signal constellation is rotated. 

Using an equation this ca be expressed as 

a -a ainc 
1;- k-1 1:: (Eq.24) 

with 

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

complex phase increment symbol; m~O, 1, 2, 3 is 

the QPSK syrnb 1 number which is derived from 

Gray encoding 

a 0 = 1 symbol of the r ference subcarrier. 

At the DFT output of the er the decision variables 

are obtained with 

Qh-1 21t 

H k = L h[ i J · e- j K L:i 

i=O 

being the DFT of the channel 

position k. 

1 the differential 

For the receiver an additional 

which shall be used to correct the 

caused by the channel. 

variable at the receiver is 

ejq>k 

As can be seen from the Equation 28, 

(Eq.25) 

(Eq.26) 

response h(q] at 

(Eq.27) 

term ~k is introduced, 

ystematic phase offset 

the final decision 

(Eq.28) 

information 
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akinc is weighted with\\ the product ej'tt. Hk · H*k-1 (rotation 

and effective transfer. function of the channel). This 

product must be real-vllued 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· To derive the 

desired algorithm for 2-path channels, the nature of 

Hk·H*k- 1 is investigated in the next section. 
I 

It is assumed that the -path channel exhibits two echoes 

with energy content unequ 1 zero, i.e. at least two dominant 

echoes. This assumption )· elds the impulse ~espon~e 

(Eq.29) 

with 

complex coefficijnts representing the path echoes; 

delay of the second path echo with respect to the 

first path echo; 

Dirac pulse; 1 for k 

0 else 

0 

The channel transfer 

to Equation 29: 

obtained by applying a DFT 

(Eq. 30) 

With Equation 30 the effective transfer function for 
d. f . . \ . . 
1Hfer~nt1(al dem:::l)at(1on al:~g \hVe frequency ax1s 1s: 

. H = c + c e K 0 • + • .. JK(k-l)qo\ 
k 1:-1 , 2 • c, c2e 

~c.+ c. co~~ q0 (2k -1)) \ 

Assuming a noise free 2-path chan~el, it can be observed 

(Eq. 31) 
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a,ine is weighted with |\ the product edenHt, (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 Hy, H*,-4- To derive the
desired algorithm for|2-path channels, the nature of

Hy, H*;4 is investigated yn 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 yields the impulse response

h[q] = ¢,5,[q]+¢.5,[a-ao] | (Eq. 29)

with

Czy,Cp + complex _y representing the path echoes;'
do : delay of the second path echo with respect to the

first path echo;

 
|

te hh oa x
It

°So : Dirac pulse; 6,[k]

59{k]

to Equation 29:

2n 2
jk >H, =Hef Jae ree K

(Eq.30)

With Equation 30 the effective transfer function for

differential demodulation along the frequency axis is:

.27 2n
._ Sip ka * +j—(k-1H, Hy. -(¢ +oe,e * 2 {¢ +oe 7 =

_ TT

=¢, +€, co K 10 (2k —1)
(Eq.31)

Assuming a noise free 2-path channel, it can be observed
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from Equation 31 that symbols on the receiver side are 

located on a straight lin in case the symbol l+jO has been 

send (see above assumpti n). This straight line can be 

characterized by a point 

and the vector 

.lt 

cb = 2clc;. e -Ji(qo 

which determines its directi n. 

(Eq.32) 

(Eq.33) 

With the above assumptio the following geometric 

derivation can be performed. A more suitable notation for 

the geometric derivation of t e second embodiment of an EPOC 

algorithm is obtained if the real part of the complex plane 

is designated as x = Re{z}, t e imaginary part as y = Im{z}, 

respectively, i.e. z = x+jy. With this new notation, the 

straight line, 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 

(Eq.35) 

and 

b= 

{ } Re{c.} { } 
Im ca - { . } · lm cb Re cb 

{ } 
Im{c.} { } 

Re ca - { } · Re cb 
Im cb 

(Eq.36) 

Additional noise will spread the s mbols around the straight 

line given by Equations 34 to 36. In this case Equation 36 
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from Equation 31 that the| symbols on the receiver side are

located on a straight line, in case the symbol 1+j0 has been

send (see above assumption). This straight line can be

 
characterized by a point

(Eq. 32) 
2 2 ~}2

C, =|c,| +|c,[ -e kK

and the vector

. =<
c, =2c¢,c,-e “K” (Eq. 33)

which determines its direction.

With the above assumptions, the following geometric

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. 2 = x+tjy.| With this new notation, the

straight line, on which the |jreceived symbols will lie in

case of a noise-free two-path Channel, is

f(x) = a+ bx (Eq. 34)

with

Re{c,}
a=Imfe,}- Boey inte} (Eq.35)
and

Im{c, } -ae. Im{c, }
~ mic (Eq. 36)

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 deriv tion of the second embodiment of an 

EPOC algorithm, the ang e ~k from Equation 28 is chosen to 

be a function of the square distance of the considered 

symbol from the origin: 

(Eq.37) 

Equation 

distorted 

37 shows 

(torsion), 

tha the complete signal 

with the distances 

space is 

from the how ver, 

origin being preserved. 

For the derivation of th algorithm of the second embodi-

ment, fK ( ·) has to be d termined such that all decision 

variables v' k (assuming n 

real axis: 

noise) will come to lie on the 

(Eq.38) 

Further transformations of Equation 38 lead to a quadratic 

equation which has to be s lved to obtain the solution for 

'fk. 

In case of a two-path 

correction for a given 

with 

the echo phase offset 

n variable vk is 

(Eq.39) 

(Eq.40) 
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be a function of the |square distance of the considered

symbol from the origin:

Fy = fx(|212) (Eq.37)

Equation 37 shows’ tha

distorted (torsion), however, with the distances from the
the complete signal space is

origin being preserved.

For the derivation of the algorithm of the second embodi-

ment, f,(°) has to be determined such that all decision
variables v’, (assuming no noise) will come to lie on the
real axis:

Imf(x+ je(s))-e%("N)9 (Eq.38)

Further transformations of |Equation 38 lead to a quadratic

equation which has to be sdlved to obtain the solution for

f,.

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

correction for a given decision variable v, is

Vk = VK - eI Px (Eq.39)

with

a+bylv,)(14 b2)—a a°
108 OO—Oo—oe—————m => 42

2 2 l+b

o. = -ab+ hlOe )-a? - (Eq.40)
atan{4) 1 b*
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From the two possible sJtutions of the quadratic equation 

mentioned above, Equation ro is the one solution that cannot 

cause an additi.onal phase ~hift of 180 degree.s. 

The two plots 1n Figure 15 show the pro)ect1on of the EPOC 

algorithm of the second e lbodiment for one quadrant of the 

complex plane. Depicted h re is the quadratic grid in the 

sector jarg(z) I ~ n/4 and straight line y = f(x) = a+b·x 

with a -1.0 and b = (dotted line). In case of a 

noise-free channel, all 

straight line if 1+jO 

plots determines the 

Equation 40. In the left pa 

before the projection, in 

the situation after applyi 

looking on the left part, 

line now lies on the 

of the projection. Therefor 

echo phase offset 

second embodiment fulfills t 

eived symbols will J_ie on this 

The circle shown in the 

line for the two cases of 

Figure 15 shows the situation 

he right part, Figure 15 shows 

g the projection algorithm. By 

ne can see, that the straight 

with 2+jO being the fix point 

it can be concluded that the 

algorithm according to the 

design goal. 

Before the second embodimen of an EPOC algorithm can be 

applied, the approximation li through the received symbols 

has to be determined, i.e. 

estimated. For this purpose, i 

symbols lie in sector jarg(z) 

symbols other than 1+jO have 

can be applied to project 

sector. Proceeding like 

deciding on the symbols in 

averaging over all signal point 

of averaging over only % of all 

parameters a and b must be 

is assumed that the received 

~ nf4, if 1+jO was sent. If 

a modulo·operation 

symbols into the desired 

prevents the necessity of 

n early stage and enables 

of one MCM symbol (instead 

points). 

For the following computation ru e for the EPOC algorithm of 

the second embodiment, xi is used to denote the real part of 

the i-th signal point and Yi its imaginary part, 

respectively (i = 1, 2, ... , K). Altogether, K values are 

available for the determination. '\ choosing the method of 
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least squares, the stra ght line which has to be determined 

can be obtained by minim'zing 

K ( - 2 (a,b)=ar~inL Y; -(a+b·x; 
(a.h) i=l . 

(Eq. 41) 

The solution for Equation 41 can be found in the laid open 

literature. It is 

K 

:L{x;- x)·Y; . 
b = i=~ , a = y - x · b 

:L(x; -xY 
i=l 

with mean values 

1 K 
x=-:Lx. 

N i=l I. 

} K 

y=-LY; 
N i=l 

If necessary, an estimation 

can be applied. However, the 

computational complexity. 

To avoid problems with the ra 

applicable, the determination 

(Eq.42) 

(Eq.43) 

method with higher robustness 

rade-off will be a much higher 

in which the projection is 

straight line should be 

separated into two parts. Fir t, the cluster's centers of 

gravity are moved onto the axes, following, the signal space 

is distorted. Assuming that and b are the original 

parameters of the straight line and a is the rotation angle, 

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

b' = b·cos(a.) -sin(a.) 
cos( a.)+ b ·sin( a.)' 

a' =a· (cos( a.)- · · sin(a.)) 

Besides the two EPOC 

different algorithms 

most likely exhibit 

complexity. 

algorithms explained 

can be des · gned that 

a higher of 

(Eq.44) 

above section, 

will, however, 

computational 
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least squares, the straight line which has to be determined

can be obtained by minimizing

K ~~

(2,6) =argmindy, -(a+b-x, (Eq.41)ab) ist

The solution for Equation| 41 can be found in the laid open

literature. It is

_ X&, ~x)-y,
b= K 2 3 a=y-x-b (Eq.42)

>(x,-%)
i=]

with mean values

_ 1
X=DIX, YEDDy: |

Nin Niaz (Eq. 43) 
method with higher robustness

rade-off will be a much higher

Paar If necessary, an estimation

= can be applied. However, the

acomputational complexity.

To avoid problems with the range in which the projection is

f the straight line should be
 

applicable, the determination

separated into two parts. Firpt, the cluster’s centers of
gravity are moved onto the axes|, following, the signal space

is distorted. Assuming that \|a and b are the original

parameters of the straight line|and @ is the rotation angle,

Ex.) has to be applied with the transformed parameters

. _ b-cos(a) — sin(a)
~ cos(a) +b-sin(c)’

‘.sin(a))‘=a- (cos(a) -
(Eq. 44)

Besides the two EPOC algorithms| explained above section,

different algorithms can be designed that will, however,

most likely exhibit a higher |degree of computational

complexity.
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Claims 

~ A method of performing a fi e frequency synchronization 

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 compr' ing a plurality of symbols 

(200), each symbol being d fined by phase. differences 

between simultaneous (202) having different 

!· 

frequencies, 

determining a phase 

same carrier in different sy 

determining a frequency 

shift uncertainties 

shifts from said phase d~·~qF~ 

performing a feedback 

frequency deviation based o 

offset. 

rising the steps of: 

between phases of the 

eliminating phase 

to codeable phase 

and 

of said carrier 

said determined frequency 

A method of performing a fi e frequency synchronization 

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 decodin of multi-carrier modulated 

signals, said signals compr'sing a plurality of symbols 

(200), each symbol being efined by phase differences 

between simultaneous (202) having different 

frequencies, said method co prising the steps of: 

determining respective 

different symbols; 

of the same carrier in 

eliminating phase shift u certainties corresponding to 
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codeable phase shifts 

respective phase 

determining a frequency 

difference between said phas 

performing a feedback 

frequency deviation based o 

offset. 

A method of performing a fin 

compensating for a carrier 

oscillator frequency in a 

system (130) of the type 

differential 

signals, said signals camp 

( 2 00) , each symbol being 

between simultaneous 

frequencies, said 

• 
said phases to determine 

by determining a phase 

deviations; 

of said carrier 

said determined frequency 

frequency synchronization 

equency deviation from an 

ulti-carrier demodulation 

of carrying out a 

f multi-carrier modulated 

lurality of symbols 

phase differences 

having different 

the steps of: 

for a plurality of carriers 202) in said symbols (200): 

determining a phase diffe ence between phases of the 

same carrier in different ymbols; and 

determining a frequency by eliminating phase 

shift uncertainties pending to codeable phase 

shifts from said phase dif 

determining an averaged f equency offset ( foffset> by 

averaging said determined frequency offsets of said 

plurality of carriers (202); and 

performing a feedback cor ection of said frequency 

deviation based on said averaged frequency offset 

( foffset) • 

;/. A method of performing a fin frequency synchronization 
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compensating for a carrier 

oscillator frequency in a 

system (130) of the type 

differential phase decodin 

frequency deviation from an 

multi-carrier demodulation 

capable of carrying out a 

of multi-carrier modulated 

signals, said signals comp ising a plurality of symbols 

(200), each symbol being efined by phase differences 

between simultaneous (202) having different 

frequencies, said method c the steps of: 

for a plurality of (202) in said symbols (200) : 

determining respective hases of the same carrier in 

different symbols; 

eliminating phase shift uncertainties corresponding to 

codeable phase shifts said phases to determine 

respective phase devia 

determining a frequenc offset by determining a phase 

difference between said 

determining an averaged requency offset by averaging 

said determined frequenc offsets of said plurality of 

carriers; and 

performing a feedback 

deviation based on said 

orrection of said frequency 

frequency offset. 

5. The method according to or 3, wherein said step 

of determining a phase d'fference comprises the step of 

determining a phase di between phases of the 

same carrier (202) in s mbols (200) which are adjacent 

in the time axis directi n. 

6. The method according to laims 1 or 3, wherein said step 

of determining a frequen y offset comprises the step of 

eliminating phase shift uncertainties corresponding to 

M-ary phase shifts. 
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oscillator frequency in aj; multi-carrier demodulation

system (130) of the type |/capable of carrying out a

differential phase decoding of multi-carrier modulated

Signals, said signals compyising a plurality of symbols

(200), each symbol being Aefined by phase differences

between simultaneous carrfiers (202) having different

frequencies, said method cgmprising the steps of:

for a plurality of carrierf (202) in said symbols (200):

determining respective phases of the same carrier in

different symbols;

eliminating phase shift Juncertainties corresponding to

codeable phase shifts om said phases to determine

respective phase devia
 

determining a frequency! offset by determining a phase

difference between said|[phase deviations;

requency offset by averaging

offsets of said plurality of

determining an averaged 
ind said determined frequenc

carriers; and

performing a feedback orrection of said frequency

Geviation based on said eraged frequency offset.

5. The method according to glaims 1 or 3, wherein said step

of determining a phase djfifference 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 direction.

6. The method according to ¢laims 1 or 3, wherein said step
of determining a frequenby offset comprises the step of

eliminating phase shift’ uncertainties corresponding to

M-ary phase shifts.
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7. The method according to cla ms 2 or 4, wherein said step 

of determining respective ases comprises the step of 

determining respective phas s of the same carrier (202) 

in symbols (200) which ar 

direction. 

adjacent in the time axis 

8. The method according to cl 

of eliminating phase shif 

step of eliminating M-ary 

2 or 4, wherein said step 

uncertainties comprises the 

I An apparatus for per orming a fine frequency 

synchronization compensat· ng for a carrier frequency 

deviation from an 

multi-carrier 

capable of carrying out 

multi-carrier modulated 

a plurality of symbols 

by phase differences bet 

having different 

illator frequency, for a 

system (130) of the type 

ifferential phase decoding of 

, said signals comprising 

each symbol being defined 

simultaneous carriers (202) 

apparatus comprising: 

means (330) for determini 

phases of the same carr i r 

(200); 

a phase difference between 

(202) in different symbols 

means (340, 342) for det rmining a frequency offset by 

eliminating phase shift 

~odeable phase shifts fro 

ncertainties corresponding to 

said phase difference; and 

means for performing a feedback correction ·of said 

frequency deviation based on said determined frequency 

offset. 

An apparatus 

synchronization 

deviation from 

for 

compensat 

an OS 

multi-carrier demodulatio 

orming 

ng for 

illator 

system 

a fine frequency 

a carrier frequency 

frequency, for a 

(130) of the type 

capable of carrying out a ifferential phase decoding of 
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a plurality of symbols 

- 45 - • 
ls, said signals comprising 

each symbol being defined 

by phase differences between simultaneous carriers (202) 

having different frequencies said apparatus comprising: 

means for determining resp 

carrier in different symbols 

means for eliminating 

corresponding to codeable 

to determine respective phas 

phases of the same 

shift uncertainties 

se shifts from ~aid phases 

means for determining a freq ency offset by determining 

a phase difference between sa d phase deviations; 

means for performing a correction of said 

frequency deviation based on said determined frequency 

offset. 

An apparatus 

synchronization 

deviation from 

for 

compensating 

an 

multi-carrier demodulation 

ing 

for 

a fine 

a carrier 

frequency, 

frequency 

frequency 

for a 

(130) of the type 

capable of carrying out a di ferential phase decoding of 

multi-carrier modulated sign ls, 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 deter ining a frequency offset by 

eliminating phase shift un ertainties corresponding to 

codeable phase shifts from aid phase difference; 

means (344) for determining an averaged frequency offset 

(foffset> by averaging determ ·ned frequency offsets of a 
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plurality of carriers; and 

means for performing a 

frequency deviation based 

offset. 

• 
correction of said 

said averaged frequency 

An apparatus 

synchronization 

for perfo ming 

compensatin for 

a 

a 

fine 

carrier 

frequency 

frequency 

for a deviation from an 

multi-carrier demodulation 

capable of carrying out 

multi-carrier modulated 

a plurality of symbols 

def.ined by phase 

carriers (202) having 

apparatus comprising: 

means for determining 

carrier in different symbols 

means for eliminating 

corresponding to codeable 

frequency, 

(130) ot the type 

ferential phase decoding of 

ls, said signals comprising 

each symbol (200} being 

between simultaneous 

requencies, said 

phases of the same 

shift uncertainties 

said phases 

to determine respective phas deviations; 

means for determining a fre uency offset by determining 

a phase difference between id phase deviations; 

means for determining an a eraged frequency offset by 

averaging determined freque cy offsets of a plurality of 

carriers; and 

means for performing a 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 ph se difference between phases 
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time axis direction. 
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w~ich are adjacent in the 

14. The apparatus according to c 10 or 12, wherein said 

means for determining respec ive phases comprises means 

for determining respective of the same carrier in 

symbols which are adjacent time axis direction. 

15. The apparatus according to c 

means (340, 342) for dete 

comprises a M-ary phase s 

(340) and a complex multipli 

9 or 11, wherein said 

ining a frequ~ncy offset 

keying decision device 

16. The apparatus according to ci ims 10 or 12, wherein said 

means for eliminating shift uncertainties 

comprises a M-ary phase shift keying decision device and 

a complex multiplier. 

17. The apparatus according to 

wherein said means for perfo 

of said frequency deviatio 

controlled oscillator (322) 

(326). 

one of claims 9 to 16, 

ing a feedback correction 

comprises a numerical 

and a complex multiplier 

18. The apparatus according to cl im 17, wherein said means 

for performing a feedback co rection of said frequency 

deviation further· comprises low path filter (324) 

preceding said numerical contr lled oscillator (322). 
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METHOD AND APPARATUS FOR FINE FREQUENCY SYNCHRONIZATION IN 

MULTI-CARRIER DEMODULATION 

ABSTRACT 

A method and an apparatus reljPe to a fine frequency 

synchronization compensating ~r a carrier frequency 

deviation from an oscillator f~equency in a m1,1lti-carrier 

demodulation system 1~0 of th~ type capable of carrying out 

a differential phase decod(ng of multi-carrier modulated 

signals, the signals complfsing a plurality of symbols 200, 

each symbol being def~ed by phase differences between 

simultaneous carriers~ 02 having different frequencies. A 

phase difference between phases o~the same carrier 202 in 

different symbols 20t is deter~inep. Thereafter, a frequency 

offset is detefmi~'-iA~~~~~inating phase shift 

uncertainties co/rfpc~/i;.g to codeable phase shifts from 

the phase diffefe~-~inally, a feedback correction of the 
carrier frequ,ncy deviation is performed based on the 

. ff . 
determ1ned ,frequency offset. Alternat1vely, an averaged 

frequency ~fset can be determined by averaging determined 

frequenc~~ffsets of a plurality of carriers 202. Then, the 

feedba~c~rrection of the frequency deviation is performed 

bas:l'6n the. averaged frequency offset. 

Fraunhofer Ex 2018-61 
Sirius XM v Fraunhofer, IPR2018-00681



'1 y 

10/17/2000 ERI"ANDO 00000072 09673270 

-~ 

01 FC:970 860.00 OP 
02 FC:154 130.00 OP 
03 FC:964 80.00 OP 

' 

.® 

patent application serial no. 

Department of Commerce 
Patent and Trademark Offlce 

fee record 

Fraunhofer Ex 2018-62 
Sirius XM v Fraunhofer, IPR2018-00681

 

10/17/2000 ERIMANDO 00000072 09673270

01 FC:970 860.00 OP
02 FCs154 130.00 OP
03 FC:964 80.00 OP

 

patent application serlal no.

Department of Commerce
Patent and Trademark Office

fee record

Fraunhofer Ex 2018-62

Sirius XM v Fraunhofer, IPR2018-0068 1



.' .. r------------------------- ------------------~----~~~~-
. \ 

PATENT APPLICATION ,F~fr. "'£TERMINATION RECORD 
· Effec~iv:e~Gct~ber 1. 2000 

:J'QTAL CLAIMS 

·FOR 

0 
\,. 

• If ·the difference iii ... column 1 is Jess than zero. enter "0" in column 2 

Ct,.AIM~ #~AMeNDED- PART II 
CColuJjjthl · cco.lumn 2) 

. • ,!ct REMAINING · , . NUMBER 
~ AFTER · PREVIOUSLY 

(Column 3 

PRESENT 
EXTRA 

C .. l;AJtv,l~ .. '.,~-'·\· ·~ HI(;HE.ST 

ffi AMENDMENT PAID FOR 
~ ~-------4~~~~-4~~~~--~~~--r-----~ 

o Total Min1.,1s 
'. :z 1'-'------1------~-_.;_-+------4----1 w 
:E 
~ ~---~--~--~~~~~_.;_~~-~--~--=~~ 

FIRST PRESEN:fATIGN OF I'VIULliPLEDEPitNDENT CLAIM 0 
Independent Minus 

(COIU.!ii"JA 1.) (Column 2) Column 3) 

"\ 

~~--------·~.:··----~ .iation or QocketNumber 
\r 

PRESENT . At:>DI•. 
'ri0NAL 

FEE · 

. ~@J:i)t- :, I ' 

RATE Tl~fiAL
1 

CCo.ltJmn 1 l (Column 2) 

. 0 ,.. . Ri~:~I~G '<.3~~'i:'~tp ~~~:~~~ 
;F- AFTER ·.;.).~;,);;"g~;;,.~t~ PREVIOUSLY 

EXTRA 

Column 3) 

PRESENT 
EXTRA · t~ . ·.-. .. ··. . AMENDMENT . ~-"1''··~"~"!'~'~1: PAID FOR 

'!~·~--------~~~~~~------+-_.;_~------r-~--~ 
: ~ '~total Minus 

= 
~ ~--------~--------4-------4-----------~----~ 

· :~ Independent 

~ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 

Minus 

0 

RATE 
FlEE 

X$9:::: ·OR X$18= 
~-----+----~ ~--~~----~ 

X4o= xso=' 
~~--~----~.DR~----~~--~ 

+135= OR +270= ' 
Lo---=~·~ ····~----1 '--:!!TO~T:~At~· ·· t----'1, ·TOTAL 

AODIT. FEE .._ __ _,()R AOOIT. FEELo....-.-... 

RATE 
ADDI· 

TIQN;A.L 
tz'EE 

RATE. 

0R X$18= 
t-------+------1 

X40=. 
~----+------1 

6R' c X~.Q= 

+135= +270= 

ADD I· 
TIQNAL 

.PEE ... 

! 

.OR 
• If the entry in column 1 is less tnan the entry in column 2. write ·o· in column 3. '--.:TO~l':!':i·A~lfi. iOii..i.._"'-!111 L..-.!"!'TO~·.~~,it~:l'o· ~ ... ---"-1 
•• If t.he "Highest Number Previ()usjy Paid For" IN TH!S SPACE is tess than 20. enter "20: ADDIT FEE OR ADDIT~ FEE.__....,. ... 
"'.It the "Highest•Niiimb!'!r P.f;,.l(i'ObSty•Paid fi:or" IN THIS SPACE is less than-3/enter "3.~ · .. ~. • ·· ·· , · · ' ·· · 

The "Highest Nutnber Previously Paid For" (Total or Independent) is the hfghest number fauna in the approp'riate box in column 1. 

FQRM PT0-675 
(F,I!'V •. 8/()()) 

,: .... ~·' .. ~' ' 

' ~.. ~ ' .. 

Fraunhofer Ex 2018-63 
Sirius XM v Fraunhofer, IPR2018-00681

 

 

 iLED-PARTI
_(Column.1).

‘

Column2 st.  
 
 

 
 
 

 
 
 
 
 

 
 

IETOTAL CLAIMS ami

foae

 
INDEPENDENTCLAMS A .

;fuuctiPce DEPENDENT CLAIM PRESENT

* It'the difference itecolumn tis less than zero, enter “0” in column 2

CLaItigASAMENDED- PART Ii
“HIGHEST
 
 
 

 
 

REMAINING NUMBER
AFTER PREVIOUSLY

AMENDMENT[ANEROWENTA| 
 

 
 
 
 
 

 

NUMBER
_ PREVIOUSLY

 
 
 
 

HIGHEST

 
 
 

REMAINING NUMBER
AFTER PREVIOUSLY

AMENOMENT PAIO FOR

‘it the entry in column 1 i$ less than the entry in-colutnn 2:write “0”in column3. 7~ “ TOTAL one
” if the “Highest Number Previously Paid For” IN THIS SPACEis less than 20, enter “20.” JOR ADDIT. ree“IE the *"Highest Number Previously fPaid-Forin THIS SPACEis less than.3;‘enter “3:* wy . mrs

The “Highest Number Previously Paid For”(Total or Independent)is the highest numberfoundin1 the approprialebox iincolumn 1,
 

  

 
  

: FORM PIOaTs
(Bev. 8/00)

. - SiriusXM Vv"
Lage Spe “gy

 uliheter, TPR: .
s ealAlleCaSHERDA Mp tS Bee aE 

AdODFIAVIIVAY1S3¢



' ;.- 09/673270 

• S~ .• 'd PCT/PTC 13 OCT2000 
41001 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Ernst Eberlein et al. 

Serial No.: Not Assigned 

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 

F~ ..... Sir: 

Group Art Unit: 

Examiner: 

PATENT 

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: 

f 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 
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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 Amendmentis 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 thefiling fees, please amend the national stage application as follows:

IN_THE SPECIFICATION:

Please delete the current specification comprising pages 1-40 and 48 (as amendedin

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:

if 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
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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 camer m 

different symbols; 

b) determining a frequency offset by eliminating phase shih uncertainties 

c) 

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. 

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 shih uncertainties related to the transmitted information 

from said phases to determine respective phase deviations making use of aM

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. 
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21. The method according to claim 19, wherein 

23. 

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 

a~eraged 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 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. 

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 ¥-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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• • 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. 

29. The apparatus according to claim.27, funher comprising: 

31. 

means for determining an averaged frequency offset by averagmg determined 

frequency offsets of a plurality ofcarriers, 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, funher comprising: 

means for determining an averaged frequency offset by averagmg determined 

frequency offsets of a plm1ality 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 .. 

32. 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. 

34. 

• • 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. 

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. 

Roylance, Abrams, Berdo & Goodman 
1300 19th Street, N.W., Suite 600 
Washington, D.C. 20036-2680 
(202) 659-9076 

Dated: __ O___;;;,t...c:~-=-h_....:.._e_ . .....Lr..~:e--=lDoo..=;;..,::;..,.;;__ 

Respectfully submitted, 

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

said numerical controlled oscillator.

| REMARKS

By the present Preliminary Amendment,claims 1-18 annexedto 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 duringthe 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 Examineris invited to contact the undersigned attorney at

the local telephone numberlisted below.

Respectfully submitted,

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

Roylance, Abrams, Berdo & Goodman
1300 19Street, N.W., Suite 600
Washington, D.C. 20036-2680
(202) 659-9076

Dated: OA. ff 2000
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0 Declaration 
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with Initial Filing (surcharge 
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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 I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor {if plural 
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believed to be true; and further that these statements were made with the knowledge that wilful 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 theapplication or any patent issued thereon.

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

Given Name (first and middie fif an|EamilyNameorSumame
Ermst

Inventor's
Signature

Post Office Address Waldstrasse 28 b

feyoemoan]de|m0|coy|commer
Diaaditional inventors are being named on the

 
  
  

  
  

  

 

 

 

  ___.supplemental Additional Inventor(s) sheet(s) PTO/SB/02A aitached hereto
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Please type a plus sign(+) inside this box ~E!J 
PTO/SB/02A (3-97) 

Approved lor use through 9/30/98. OMB 0651-0032 
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

U d th P rk A d ti A t 11995 ---. n er e aperwo e uc on c o 
. /0 I P~d OMB control number . 

. d t d I II r f . f f I "t t . , no persons are requtre o respon o a co ec 10n o 1n orma ton un ess 1 con atns a 

. ~ ADDITIONALINVENTOR(S) 

Nov 2 9 2Doo &~CLARATION Supplemental Sheet 
Page _1._ of _2_ 

J..i 

~- ... f ...... ~nal 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 Surname 

Sabah Sadri 

Inventor's 
Signature Date 

Residence: City 
Erlangen I State I ,I Germany 

Countrvi Citizenship 
Moroccan 

Post Office Address Sebaldusstrasse 8 

Post Office Address 

City Erlangen I State I I ZIP I D-91058 I 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 Surname 

Stefan Lipp 

Inventor's 
Signature Date 

Erlangen I State I I Country IGermany German 
Residence: City CltlzenshiD 

Post Office Address Steinweg9a 

Post Office Address 

City Erlangen I State I I ZIP I D-91058 I Country I 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 Surname 

Stephan Buchholz 

Inventor's ~~L']0~c~ 11/20/00 
Signature Date 

\1 

I State l Muenchen t l Germany German 
Residence: City Countrv Citizenship 

Post Office Address Kerschlacher Strasse 8 

Post Office Address 

City Muench en I State I I ZIP ID-81447 I Country JGermany 
.. 

+ 

Burden Hour Statement: ThiS form IS esttmated to take 0.4 hours to complete. Ttme w11l vary dependtng upon the needs of the mdtvtdual 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 2018-72 
Sirius XM v Fraunhofer, IPR2018-00681

PTOISB/O2A (3-97)
Please type a plus sign (+) insida this box [+|Approved for use through 9/30/98. OMB 0651-0032Patent 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
77|Pia OMB control number.  
 
 

 

 
   
 

 

ADDITIONAL INVENTOR(S)
Supplemental Sheet

Page 1of 2  

Cj A petition has been filed for this unsigned inventor   Given Name|GivenName(firstandmiddie[ifany)and middie [if any}) Family Name or Surname

Signature Date

Germany aa _ {Moroccan
Residence: City Citizenship

Post Office Address Sebaldusstrasse 8

fneeeowdeooo
Name of Additional Joint Inventor,if any [JA 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

GermanResidence: Cit esedeeeeGermany Citizenship [erman|

 
 

 
  

  
 

  
 
 

 
Post Office Address|Sleinweg 9 a

Erangen jews]Lae [Dst088
Nameof Additional Joint Inventor, ifany

 

 
 

[CJA petition has beenfiled for this unsigned inventor

Given Name (first and middle [if any}) Family Name or Surname

Stephan Buchhoiz

Inventor's } x fh) fs 1/20/00

GermanResidence: City Muencnon|sue|eounry|S——_| Citizenship [eerman|

Post Office——Kerschlacher Strasse 8

  
  
  

 
  

 

PostpostOtieeAddressAddress
jewsercen|ae||ae[er
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 af timeaN are required to complete this form should be sent to the Chief information Officer, Patent and TrademarkOffice, Washington, DC 20231. NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for
Patenis, Washington, DC 20231.
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Please type a plus sign(+) inside this box -+G::] PTO/SB/02A (3-97) 

.. OIP~ 

Approved for use through 9/30198. OMB 0651-Q032 + 
Patent and Trademark Office· US DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a coll!:iction. of information unless it contains a 
valid OMB control number. 

,}. 
ADDITIONALINVENTOR(S) 

M'fzg i, DECLARATION Supplemental Sheet 

). 20oq Page _2_ of _2_ 

_(J 

<f 
•• OS{dditional 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 Surname 

Albert Heuberger 

Inventor's 
Signature Date 

Residence: City 
Erlangen I State ' 

JGermany 
Country' Citizenship 

German 

Post Office Address Hausaeckerweg 18 

Post Office Address 

City Erlangen t State I I ZIP I D-91056 I Country Germany 

Name of Additional Joint Inventor, if any: I 0 A petition has been filed for this unsigned inventor 

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

Heinz Gerhaeuser 

Inventor's 
Signature Date 

Residence: City 
Waischenfeld I State I t Country IGermany Citizenship. 

German 

Post Office Address Saugendorf 17 

Post Office Address 

City Waischenfeld I State I I ZIP I D-91344 I Country I Germany 

Name of Additional Joint Inventor, if any: I 0 A petition has been filed for this unsigned Inventor 

Given Name (first and middle Pf any]) Family Name or Surname 

Inventor's 
Signature Date 

Residence: City I State I I country I Citizenship 

Post Office Address 

Post Office Address 

City I State I I ZIP I I Country I 
Burden Hour Statement: This form is estimated to take 0.4 hours to complete. Tune 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. 00 NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for 

+Patents, Washington, DC 20231. 

Fraunhofer Ex 2018-73 
Sirius XM v Fraunhofer, IPR2018-00681

PTO/SB/02A (3-97)
Please type a plus sign (+) inside this box[+|Approved for use through 9/30/88. OMB 0651-0032Patent 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,  
  

 

 

ADDITIONAL INVENTOR(S)
Supplemental Sheet

Page 2 of _2.
 

 

 
  
 
  
  

LE] A petition has been filed for this unsigned inventor
 

 Given Name(first and middie [if any])

EOSignature Date

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

Heinz Gerhaeuser

Inventor's
Signature

Family Name or Sumame

 
 

   
  
 
 

Date

i Germana 
Post Office Address|Saugendorf 17

ESCo
Name of Additional Joint Inventor, if any: [[)4petition has been filed for this unsigned inventor

Given Name(first and middie [if any]) Family Name or Sumame

inventor's
Signature Date

Residence: City reeeeeCitizenship ||

 

 
 

 
  
  
  

 

Post Office Address

Post Office Address

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 are required to complete this form should be sent to the Chief Information Officer, Patent and Trademark
Office, Washington, DC 20231. NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for
Patents, Washington, OC 20231.

Fraunhofer Ex 2018-73

Sirius XM v Fraunhofer, IPR2018-0068 1
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Please type a plus sign(+) inside this box ~ EJ 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 

' r Attorney Docket Number 41001 
DECLARATION FOR UTILITY OR 

Ernst Eberlein 
DESIGN First Named Inventor 

' "o~ PATENT APPLICATION COMPLETE IF KNOWN 

~ (37 CFR 1.63) Application Number / 

t 
Filing Date 

+ 
"" 

D Declaration 0 Declaration 

:IR~ Submitted OR Submitted after Initial Group Art Unit 

with Initial Filing (surcharge 
(37 CFR 1.16 (e)) Filing Examiner Name 

~ \... required) 

+ 

As a below named inventor, I hereby declare that: 

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

I believe I 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 souQht on the invention entitled: I Method and Apparatus for Fine Frequency Synchronization in Multi-Carrier Demodulation 

Systems I 
the specification of which {Title of the Invention) 
0 is attached hereto 

OR 

0 was filed on (MMIDDNYYY) I 04/14/98 I as United States Application Number or PCT International 

Application Number I PCT/EP98/02184 I and was amended on (M MIDDIYYYY) I I {if applicable). 

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

I 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) lor 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 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 Filing Date Priority Certified Copy Attached? 
Number(sl Country (MM/DDNYYY) Not Claimed YES NO 

D D 0 
D D 0 
D D D 
0 0 0 

0 Additional foreign application numbers are listed on a supplemental priority data sheet PTO/SB/026 attached hereto: 
I herebv claim the benefit under 35 U.S.C. 119(e\ of anv United States provisional aoolicationfsllisted below. 

Application Number(s) Filing Date (MM/DDNYYY) 

D Additional provisional application 
numbers are listed on a 
supplemental priority data sheet 
PTO/SB/028 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 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 2018-74 
Sirius XM v Fraunhofer, IPR2018-00681

cna

Please type a plus sign (+) inside this box —> PTO/SB/O1 (12-97)Approvedfer use through 9/80/00. 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 unlessit contains
a valid OMB control number.

 

 
 

 
 
 
 

Attorney Docket Number|41001

Ernst Eberlein  
 
 

 
 

DECLARATION FOR UTILITY OR
First Named Inventor

 
 
 

 
 

DESIGN

|: PATENT APPLICATION
; (37 CFR 1.63)ies  
|FiingDete|Date

Groupatunt |
femmes|

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

 WF  
 
 

 
 

gL] Declaration Declaration
Submitted OR Submittedafter Initial
with Initial Filing (surcharge
Filing (37 CFR 1.16 (e))

required

 
  

As a below named inventor, | hereby declare that:

| believe | am the original, first and sole inventor (if only one name is listed below) er an original, first and joint inventor (if plural
namesare 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

ihe specification of which {Title of the Invention)
is attached hereto
OR

wasfiled 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) [ti‘“‘CSCSCSCSC*@CYS {if applicable).
! hereby state that | have reviewed and understand the contents of the above identified specification, including the claims, as
amended by any amendmentspecifically referred to above.

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

! 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 tor patent or inventor's certificate,
or of any PCT international application having a filing date before that of the application an which priority is claimed.

Prior Foreign Application|county| ForeignFiling Date Certified Copy Attached?Number(s Country MM/DDIVYYY Not Claimed YES NO

1] Additional foreign application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hereto:
Lhereby claim the benefit under 36 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

supplementalpriority data sheet
PTO/SB/02B attached hereto.

[Page 1 of 2}
Burden Hour Statement: This form is estimated to take 0.4 hours to complete. Time wil vary depending upon the needs of the
individual case. Any comments on the amountof time you are required to complete this form should be sent to the Chief Information
Officer, Patent and Trademark Office, Washington, DC 20231. BO NOT SEND FEES GR COMPLETED FORMS TO THIS

 
ADDRESS. SEND TO: Assistant Commissionerfor Patents, Washington, DC 20231.

Fraunhofer Ex 2018-74

Sirius XM v Fraunhofer, IPR2018-0068 1
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Please type a plus sign (+)inside this box -.E] 
--'" 

n\Ps-
PTO/SB/02A (3-97) 

Approved for use through 9/30/98. OMS 0651-0032 + 
Patent and Trademalk Office; U.S. DEPARTMENT OF COMMERCE 

~ 

\ 

der the Paperwolk Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a 
val OMB control number. 

Nu; 2 9 200lJ h:CLARATION 
ADDITIONAL INVENTOR(S) 

Supplemental Sheet 
Page _g_ of _2_ 

.,. ('~ 

"'q:f-4"-·!\~ I 
Name'OTAdditional Joint Inventor, if any: D A petition has been filed for this unsigned inventor 

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

Albert 1 .Jjeuberger -..... 
Inventor's TP~AA+.~ 11/21/00 
Signature Date 

Erlangen ~~~ I State I I ,!Germany German 
Residence: City Country Citizenship 

Post Office Address Hausaeckerweg 18 

Post Office Address 

City Erlangen I State I I ZIP I D-91 056 I 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 Surname 

Heinz L /2 Gerhaeuser 

Inventor's ~~ ~ 11/21/00 Signature ! IMvJ. Date 

v j~ I c t I Germany German 
Residence: Citv Waischenfeld ;

1 
Sta oun ry CitizenshiD 

~ 

Post Office Address Saugendorf 17 

Post Office Address 

City Waischenfeld I State I I ZIP I D-91344 I Country I Germany 

Name of Additional Joint Inventor, if any: I 0 A petition has been filed for this unsigned inventor 

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

Inventor's 
Signature Date 

Residence: City I State I I country I Citizenship 

Post Office Address 

Post Office Address 

City I State I I ZIP l I Country 1 
.. Burden Hour Statement: Th1s form lS est1mated to take 0.4 hours to complete. Ttme w1il vary dependmg upon the needs of the tndtvtdual 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 2018-75 
Sirius XM v Fraunhofer, IPR2018-00681

PTO/SB/02A (3-97)
Piease type a plus sign (+) inside this box[+|Approved for use through 9/30/88. OMB 0651-0032

Patent and Trademark Office; U.S, DEPARTMENT OF GOMMERCE  

 
 
 

ADDITIONAL INVENTOR(S)
Supplemental Sheet

Page 2 of _2
 
 

  
 

 

 
Lert
cca2

:

Nee

Name of Additional Joint Inventor,if any:

Given Name|GivenName(firstandmiddiefifany)and middle {if any]) Family Name or Sumame
cael

Inventor's yi pon 11/21/00Signature

rmanErlangen=z State|fenunmLS227|cman(S29_|

Post Office Address

fnfemmeonl[oeve
Nameof 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

Gerhaeuserote

Snesoe

  

 
  
 
  
 

  
 

Dj A pelilion has been filed for this unsigned inventor
 

 

   

   
 

  
 
 

 

 
 

Inventor's
Signature

Residence: Cit

Post Office Address|Saugendori 17

vorowees Joe][oe [>=
Name of Additional Joint Inventor, if any: [-] A petition has beenfiled for this unsigned inventor

Given Name (first and middie [if any]) Family Name or Surname

inventor’s
SignatureResidence: Citysence|__Lowe|falCitizenship —

 
 

 

 
  
  

 
  

Post OfficeponentsPostpostottceAddressAddress

Burden Hour Statement: This form is estimated to take 0.4 hours to complete. Time will vary depending upon the needs ofthe individual case. Any
comments on the amount of time you are required to complete this form should be sent to the Chiet Information Officer, Patent and Trademark
Office, Washington, DC 20231. DO NOT SEND FEES OR GOMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for
Patents, Washington, DC 20231.

Fraunhofer Ex 2018-75

Sirius XM v Fraunhofer, IPR2018-0068 1
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PTO/SB/02A (3·97) 
Approved lor use through 9/30/98. OMB 0651·0032 + 

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

. 
~" 
. 

~ f\ ' !\j 

~ 1\} 
~ ,,, 

! 
j 

~ 

"b~ 
Under the Paperwork Reduction Act ol1995, no persons are required to respond to a collection of information unless it contains a 
valid OMB control number . 

..... '!- ~ ADDITIONAL INVENTOR(S) 

/~ DECLARATION Supplemental Sheet 
Page _1_ of _2_ 

A.O" 

An~ I [lfame of Additional Joint Inventor, if any: D A petition has been filed lor this unsigned inventor 

Given Name (first and middle {if any)) Family Name or Surname 

Sabah Badri 

Inventor's 5.f>cAC~ 11/22/00 
Signature Date 

Residence: City Erlangen~--\ I I · . State 
I ,,Germany Countryi Citizenship 

Moroccan 

.J I 

Post Office Address Sebaldusstrasse 8 

Post Office Address 

City Erlangen I State I I ZIP I D-91058 I 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 Surname 

Stefan ,b.iPR-

Inventor's ":\,~~ 11/22/00 Signature Date 

City 
Erlangen -~\j4 State I I c t !Germany Citizenship 

German 
Residence: oun ry 

J 

Post Office Address Steinweg9 a 

Post Office Address 

City Erlangen I State I I ZIP I D-91058 I Country I Germany 

Name of Additional Joint Inventor, it any: I D A petition has been filed for this unsigned inventor 

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

, S1ru2,han -Inventor's . ,, Signature Date 

Residence: City 1~uenc~~ State I I, I Germany 
Countrv Citizenship 

German 

Post Office Address Kerschlacher Strasse 8 

Post Office Address 

City Muenchen I State I I ZIP I D-81447 I Country I Germany 
.. Burden Hour Statement: Thts form ts est1mated to take 0.4 hours to complete. Ttme will vary dependtng upon the needs of the mdtvtdual 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 2018-76 
Sirius XM v Fraunhofer, IPR2018-00681



I 

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 of1995, no persons are required to respond to a collection of information unless it contains 
a valid OMB control number. 

Please type a plus sign(+) inside this box ~ ~ 

DECLARATION- Utility or Desian Patent Application I 
I 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 !he first paragraph of35 U.S.C. 112, I 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 !he national or PCT international filing date of this application. 

U.S. Parent Application or PCT Parent Parent Filing Date Parent Patent Number 
Number (MM/DDN'fYY) (if applicable) 

0 Additional U.S. or PCT international application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hereto. 

As a named inventor, I hereby appoint the following registered practitioner(sl to prosecute this aj)plication and to transact all business in the Patent 
and Trademark Office connected therewith: 0 Customer Number I • I Place Customer I OR Number Bar Code 

(;;) Registered practitioner(s) nama/registration number listed below ·<>h<>! h<>rD 

Registration 
Name 

Registration 
Name Numb&r Number 

David :s. Al:lrams 
> 

22.576_ Stacey J. Longanecker 
Robert H. Berdo 19,415 Joseoh J Buczvnski -~ Alfred N. Goodman c 

26~458 Wayne C. Jaeschke. Jr. 
Mark S. Bicks ?I!'ZO. Tara Laster Hoffman ~ 
John E. Holmes 29.392 Jeffrey J. Howell -~ 
rarre~:· Davis ~ 

Marcus R. Mickney =--Christian C. Michel 

] Additional reaistered oractitionerlsl named on suoolementa! Reaistered Practitioner Information sheet PTO/SB/02C attached hereto. 

Direct all correspondence to: 0 Customer Number I I OR li2J Correspondence address below 
or Bar Code Label 

Name John E. Holmes 

Address Roylance, Abrams, Berdo & Goodman, LLP. 

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

City Washing!on State l D.C. ZIP 20036 

Country USA helephone I (202)659-9076 Fax (202)659-9344 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under 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: I D A petition has been filed for this unsigned inventor 

Given Name (first and middle rif anvll Familv NamP. nr" 

Ernst - Eberlein 

Inventor's 0Q .. 
11/21/0:: Signature ......... I Date 

Residence: City Grossenseebach ~~~~ Country I Germany CitizenshiP German 
{ 

Post Office Address 
Waldstrasse 28 b 

Post Office Address 

City Grossenseebach I State I ZIP I D-91091 Country Germany 

DAdditional inventors are beinQ named on the supplemental Additionallnventor(s) sheet(s) PTO/SB/02A attached hereto 

+ [Page 2 of 2] 

Fraunhofer Ex 2018-77 
Sirius XM v Fraunhofer, IPR2018-00681
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PTO/SB/O1 (12-97)
Please type a plus sign (+) inside this box —* Approved for use through 9/40/00. OMB 0651-0032

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

  
 

  
 

 DECLARATION — Utility or Desig n Patent Application
i hereby claim the benefit under 35 U.S.C. 120 of any United States application(s), or 365(c} of any PCT intemational 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
Unked Stales or PCT Intemational applicationiin 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 87 CFR 1.56 which became available between the filing date of the prior application
and the national or PCT internationalfiling date of this application.

U.S. Parent Application or PCT Parent Parent Filing Date Parent Patent Number
Number MM/DD/Y {ifapplicable}

 

 
 
 

  

 
 

  
   

 

 
  
 

 

  
 

 __] Additional U.S. or PCT international application numbersare listed on a supplementalpriority data sheet PTO/SB/02B attached hereto.
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09/673270 
529 Rec'd PCT/PTC 13 OCT2000 

PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Ernst Eberlein et al. 

Serial No.: Not Assigned 

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: 

Group Art Unit: 

Examiner: 

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 
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Serial No.: Not Assigned Examiner:

Filed: Herewith

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

PRELIMINARYAMENDMENT

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 mulkti-carrier

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

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 aM

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. 
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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 frequencyoffset.

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 thestepsof:

a) determining respective phase of the samecarrier 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;

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.
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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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26.

27.

28.

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-PSKdecision 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 samecarrier 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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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. 

29. 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. 

30. The apparatus according to claim 28, further comprising: 

means for determining an averaged frequency offset by averagmg determined 

frequency offsets of a plmrality of carriers, wherein 

said means for performing a feedback correction performs said feedback correction 

of said frequency deviation based on said averaged frequency offset. 

31. 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. 

32. 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. 

Roylance, Abrams, Berdo & Goodman 
1300 19th Street, N.W., Suite 600 
Washington, D.C. 20036-2680 
(202) 659-907 6 

Respectfully submitted, 

John E. Holmes 
Attorney for Applicant 
Reg. No. 29,392 
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and a complex multiplier.
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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: Ordeke.f,L 200°
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D Additional foreign appftcation numbers are listed on a supplemental priority data sheet PTO/SBI02B attached hereto: 

I herebv claim the benefit under 35 U.S.C. 1191el of anv United States orovisional aoolicationlsllisted below. 

Application Number(s) Filing Date (MMIDDNYYY) 

D Additional provisional application 
numbers are listed on a 
supplemental priority data sheet 
PTO/SB/028 attached hereto. 
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Burden Hour Statement: This form is estimated to take 0.4 hours to complete. Time wiU 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 lnlormation 
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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Attorney Docket Number|41001

 
 
 
 

DECLARATION FOR UTILITY OR

 
 
 

  
 

 
 

 
 
 

 
 

 
  

DESIGN First Named Inventor Emst Eberlein
PATENT APPLICATION

to) (37 CFR 1.63) Application Number
i Filing Date
Fv] Declaration DeclarationSubmitted OF Submitted aiter Initial|Group Art Unit Po

with Initial Filing (surcharge

required

As a below named inventor, | hereby deciare that:

My residence, postoffice 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
namesare listed below) of the subject matter which is claimed and for which a patentis 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

wasfiled on (MM/DD/YYYY}|04/14/98 as United States Application Numberor PCT International

Application Number|PCT/EP98/02184 and was amended on (MM/DD/YYYY) [Trt (if applicable).
| hereby state that | have reviewed and understand the contents of the above identified specification, including the claims, as
amended by any amendmentspecifically referred to above.

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

{ 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 inventor's certificate,
or of any PCT international application having a filing date before that of the application on which priority is claimed.

Certitied Copy Attached?
E NY

O

(] additional foreign application numbers are listed on a supptementalpriority data sheet PTO/SB/02B attached hereto:
[hereby ciaim 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/VYYY

[_] Additional provisional application
numbers are listed on a

supplementalpriority data sheet
PTO/SB/02B attached hereto.
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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 Patents, Washington, DC 20231.
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Please type a plus sign (+)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. 

DECLARATION- Utility or Desian Patent Application I 
I hereby claim the benefit under 35 U.S.C. 120 of any United States app6cation(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, I 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 international fifing date of this application. 

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

• 0 Additional U.S. or PCT international application numbers are listed on a supplemental priority data sheet PTO/SB/028 attached hereto. 

As a named inventor, I hereby appoint the foUowing registered practitioner(s) to prosecute this application and to transact all business in the Paten 
and Trademark Office connected therewith: 0 Customer Number! I IJIII I Place Customer 

Number Bar Code OR 
[;iJ Registered practitioner{s) name/registration number listed below 'DhDf hDTG 

Registration 
Name 

Registration 
Name Numbar Number 

rams 22,576 Stacey J. LonQaneCker 33,952 
Robert H. Berdo 19,415 Joseoh J_ Buczvnski 35,084 
Alfred N. Goodman 26.458 Wayne C. Jaeschke, Jr. 38,503 
Mark s. B"lcks 28,770 Tara l.asler Hoffman P-46.510 
John E. Holmes 29,392 Jeffrey J. Howell 46,402 

Garrett.;'. Davis 32,023 ~"r:l!fc~"' 
44,941 

32.531 46.300 

] Additional reoistered oractitioner!sl named on supplemental Reoistered Practitioner Information sheet PTO/SB/02C attached hereto. 

Direct all correspondence to: 0 Customer Number I I OR liZI Correspondence address below 
or Bar Code Label 

-

Name John E. Holmes 

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

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

City Washington State I D.C. ZIP 20036 

Country USA helephone I (202)659-9076 Fax (202)659-9344 

I hereby declare that all statements made herein of my own knowled~e are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made wit the knowledge that willful false statements and the Hke 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: j D A petition has been filed for this unsigned inventor 

Given Name (first and middle [if anvn F~;milv NRm~> nr 

Ernst Eberlein 

Inventor's 
Signature Date 

Residence: City Grossenseebach I State I Country I Germany Citizenship German 

Post Office Address 
Waldstrasse 28 b 

Post Office Address 

City Grossenseebach I State I 
ZIP ' 

D-91091 I Country I Germany 

DAddltional inventors are belnQ named on the supplemental Additionallnventor(s) sheet(s) PTO/SB/02A attached hereto 

+ [Page 2 of 2] 

Fraunhofer Ex 2018-87 
Sirius XM v Fraunhofer, IPR2018-00681

PTO/SB/O1 (12-97)
Pleasetype 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 Paperwork Reduction Act of 1995, no persons are required to respond to a callection of information unless it contains
a valid OMB control number.

. DECLARATION — Utility or Design Patent Application
I 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 Intemational application in the mannerprovided 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
and the national or PCT internationalfiling date of this application.

U.S. Parent Application or PCT Parent Parent Filing Date Parent Patent Number
Number MM/DD. ifapplicable)

 
 
  

  

 
 
 

 

 
 
 

 
 

 

Lj Additional U.S. or PCT international application numbers are listed on a supplementalpriority data sheet PTO/SB/O2B attached hereto.
As a named inventor, | hereby appoint the following registered practitioner(s) to prosecute this application and to transact all business in the Paten

and Trademark Office connected therewith: [7] customer Numberfo Place Customer
OR Number Bar Code

{V1 Registered practitioner(s) name/registration numberlisted below Qe iol

  

 

 
 

 
 
  

 
 
 

 
 

Registration Registration
Name bea Name

A . Stacey J. Lonqanecker
Robert H. Berde Joseoh J. Buczvaski
Alfred N. Goodman Wayne ©. Jaeschke,Jr.
Mark S. Bicks Tara Laster Hoffman 
 John E. Holmes Jeffrey J. HowellMarcus R. Mickn:

Christian C. Michel

Direct all correspondence to: CO Customer Number %! d dd lowf fi |or Bar Code Label| OR i Correspondence address be

 
aa

    
exeTae85oepose|USA|retophone| 202)659-9076|(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 wilful 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 theapplication or any patent issued thereon.

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

Given Name (first and middie fif an|EamilyNameorSumame
Ermst

Inventor's
Signature

Post Office Address Waldstrasse 28 b

feyoemoan]de|m0|coy|commer
Diaaditional inventors are being named on the

 
  
  

  
  

  

 

 

 

  ___.supplemental Additional Inventor(s) sheet(s) PTO/SB/02A aitached hereto
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t 

Please type a plus sign(+) inside this box ~E!J 
PTO/SB/02A (3-97) 

Approved lor use through 9/30/98. OMB 0651-0032 
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

U d th P rk A d ti A t 11995 ---. n er e aperwo e uc on c o 
. /0 I P~d OMB control number . 

. d t d I II r f . f f I "t t . , no persons are requtre o respon o a co ec 10n o 1n orma ton un ess 1 con atns a 

. ~ ADDITIONALINVENTOR(S) 

Nov 2 9 2Doo &~CLARATION Supplemental Sheet 
Page _1._ of _2_ 

J..i 

~- ... f ...... ~nal 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 Surname 

Sabah Sadri 

Inventor's 
Signature Date 

Residence: City 
Erlangen I State I ,I Germany 

Countrvi Citizenship 
Moroccan 

Post Office Address Sebaldusstrasse 8 

Post Office Address 

City Erlangen I State I I ZIP I D-91058 I 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 Surname 

Stefan Lipp 

Inventor's 
Signature Date 

Erlangen I State I I Country IGermany German 
Residence: City CltlzenshiD 

Post Office Address Steinweg9a 

Post Office Address 

City Erlangen I State I I ZIP I D-91058 I Country I 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 Surname 

Stephan Buchholz 

Inventor's ~~L']0~c~ 11/20/00 
Signature Date 

\1 

I State l Muenchen t l Germany German 
Residence: City Countrv Citizenship 

Post Office Address Kerschlacher Strasse 8 

Post Office Address 

City Muench en I State I I ZIP ID-81447 I Country JGermany 
.. 

+ 

Burden Hour Statement: ThiS form IS esttmated to take 0.4 hours to complete. Ttme w11l vary dependtng upon the needs of the mdtvtdual 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 2018-88 
Sirius XM v Fraunhofer, IPR2018-00681

PTOISB/O2A (3-97)
Please type a plus sign (+) insida this box [+|Approved for use through 9/30/98. OMB 0651-0032Patent 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
77|Pia OMB control number.  
 
 

 

 
   
 

 

ADDITIONAL INVENTOR(S)
Supplemental Sheet

Page 1of 2  

Cj A petition has been filed for this unsigned inventor   Given Name|GivenName(firstandmiddie[ifany)and middie [if any}) Family Name or Surname

Signature Date

Germany aa _ {Moroccan
Residence: City Citizenship

Post Office Address Sebaldusstrasse 8

fneeeowdeooo
Name of Additional Joint Inventor,if any [JA 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

GermanResidence: Cit esedeeeeGermany Citizenship [erman|

 
 

 
  

  
 

  
 
 

 
Post Office Address|Sleinweg 9 a

Erangen jews]Lae [Dst088
Nameof Additional Joint Inventor, ifany

 

 
 

[CJA petition has beenfiled for this unsigned inventor

Given Name (first and middle [if any}) Family Name or Surname

Stephan Buchhoiz

Inventor's } x fh) fs 1/20/00

GermanResidence: City Muencnon|sue|eounry|S——_| Citizenship [eerman|

Post Office——Kerschlacher Strasse 8

  
  
  

 
  

 

PostpostOtieeAddressAddress
jewsercen|ae||ae[er
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 af timeaN are required to complete this form should be sent to the Chief information Officer, Patent and TrademarkOffice, Washington, DC 20231. NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for
Patenis, Washington, DC 20231.
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Please type a plus sign(+) inside this box -+G::] PTO/SB/02A (3-97) 

.. OIP~ 

Approved for use through 9/30198. OMB 0651-Q032 + 
Patent and Trademark Office· US DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a coll!:iction. of information unless it contains a 
valid OMB control number. 

,}. 
ADDITIONALINVENTOR(S) 

M'fzg i, DECLARATION Supplemental Sheet 

). 20oq Page _2_ of _2_ 

_(J 

<f 
•• OS{dditional 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 Surname 

Albert Heuberger 

Inventor's 
Signature Date 

Residence: City 
Erlangen I State ' 

JGermany 
Country' Citizenship 

German 

Post Office Address Hausaeckerweg 18 

Post Office Address 

City Erlangen t State I I ZIP I D-91056 I Country Germany 

Name of Additional Joint Inventor, if any: I 0 A petition has been filed for this unsigned inventor 

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

Heinz Gerhaeuser 

Inventor's 
Signature Date 

Residence: City 
Waischenfeld I State I t Country IGermany Citizenship. 

German 

Post Office Address Saugendorf 17 

Post Office Address 

City Waischenfeld I State I I ZIP I D-91344 I Country I Germany 

Name of Additional Joint Inventor, if any: I 0 A petition has been filed for this unsigned Inventor 

Given Name (first and middle Pf any]) Family Name or Surname 

Inventor's 
Signature Date 

Residence: City I State I I country I Citizenship 

Post Office Address 

Post Office Address 

City I State I I ZIP I I Country I 
Burden Hour Statement: This form is estimated to take 0.4 hours to complete. Tune 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. 00 NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for 

+Patents, Washington, DC 20231. 

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

PTO/SB/02A (3-97)
Please type a plus sign (+) inside this box[+|Approved for use through 9/30/88. OMB 0651-0032Patent 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,  
  

 

 

ADDITIONAL INVENTOR(S)
Supplemental Sheet

Page 2 of _2.
 

 

 
  
 
  
  

LE] A petition has been filed for this unsigned inventor
 

 Given Name(first and middie [if any])

EOSignature Date

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

Heinz Gerhaeuser

Inventor's
Signature

Family Name or Sumame

 
 

   
  
 
 

Date

i Germana 
Post Office Address|Saugendorf 17

ESCo
Name of Additional Joint Inventor, if any: [[)4petition has been filed for this unsigned inventor

Given Name(first and middie [if any]) Family Name or Sumame

inventor's
Signature Date

Residence: City reeeeeCitizenship ||

 

 
 

 
  
  
  

 

Post Office Address

Post Office Address

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 are required to complete this form should be sent to the Chief Information Officer, Patent and Trademark
Office, Washington, DC 20231. NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for
Patents, Washington, OC 20231.

Fraunhofer Ex 2018-89
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Please type a plus sign(+) inside this box ~ EJ 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 

' r Attorney Docket Number 41001 
DECLARATION FOR UTILITY OR 

Ernst Eberlein 
DESIGN First Named Inventor 

' "o~ PATENT APPLICATION COMPLETE IF KNOWN 

~ (37 CFR 1.63) Application Number / 

t 
Filing Date 

+ 
"" 

D Declaration 0 Declaration 

:IR~ Submitted OR Submitted after Initial Group Art Unit 

with Initial Filing (surcharge 
(37 CFR 1.16 (e)) Filing Examiner Name 

~ \... required) 

+ 

As a below named inventor, I hereby declare that: 

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

I believe I 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 souQht on the invention entitled: I Method and Apparatus for Fine Frequency Synchronization in Multi-Carrier Demodulation 

Systems I 
the specification of which {Title of the Invention) 
0 is attached hereto 

OR 

0 was filed on (MMIDDNYYY) I 04/14/98 I as United States Application Number or PCT International 

Application Number I PCT/EP98/02184 I and was amended on (M MIDDIYYYY) I I {if applicable). 

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

I 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) lor 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 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 Filing Date Priority Certified Copy Attached? 
Number(sl Country (MM/DDNYYY) Not Claimed YES NO 

D D 0 
D D 0 
D D D 
0 0 0 

0 Additional foreign application numbers are listed on a supplemental priority data sheet PTO/SB/026 attached hereto: 
I herebv claim the benefit under 35 U.S.C. 119(e\ of anv United States provisional aoolicationfsllisted below. 

Application Number(s) Filing Date (MM/DDNYYY) 

D Additional provisional application 
numbers are listed on a 
supplemental priority data sheet 
PTO/SB/028 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 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, IPR2018-00681

cna

Please type a plus sign (+) inside this box —> PTO/SB/O1 (12-97)Approvedfer use through 9/80/00. 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 unlessit contains
a valid OMB control number.

 

 
 

 
 
 
 

Attorney Docket Number|41001

Ernst Eberlein  
 
 

 
 

DECLARATION FOR UTILITY OR
First Named Inventor

 
 
 

 
 

DESIGN

|: PATENT APPLICATION
; (37 CFR 1.63)ies  
|FiingDete|Date

Groupatunt |
femmes|

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

 WF  
 
 

 
 

gL] Declaration Declaration
Submitted OR Submittedafter Initial
with Initial Filing (surcharge
Filing (37 CFR 1.16 (e))

required

 
  

As a below named inventor, | hereby declare that:

| believe | am the original, first and sole inventor (if only one name is listed below) er an original, first and joint inventor (if plural
namesare 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

ihe specification of which {Title of the Invention)
is attached hereto
OR

wasfiled 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) [ti‘“‘CSCSCSCSC*@CYS {if applicable).
! hereby state that | have reviewed and understand the contents of the above identified specification, including the claims, as
amended by any amendmentspecifically referred to above.

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

! 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 tor patent or inventor's certificate,
or of any PCT international application having a filing date before that of the application an which priority is claimed.

Prior Foreign Application|county| ForeignFiling Date Certified Copy Attached?Number(s Country MM/DDIVYYY Not Claimed YES NO

1] Additional foreign application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hereto:
Lhereby claim the benefit under 36 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

supplementalpriority data sheet
PTO/SB/02B attached hereto.

[Page 1 of 2}
Burden Hour Statement: This form is estimated to take 0.4 hours to complete. Time wil vary depending upon the needs of the
individual case. Any comments on the amountof time you are required to complete this form should be sent to the Chief Information
Officer, Patent and Trademark Office, Washington, DC 20231. BO NOT SEND FEES GR COMPLETED FORMS TO THIS

 
ADDRESS. SEND TO: Assistant Commissionerfor Patents, Washington, DC 20231.
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PTO/SB/02A (3-97) 

Approved for use through 9/30/98. OMS 0651-0032 + 
Patent and Trademalk Office; U.S. DEPARTMENT OF COMMERCE 

~ 

\ 

der the Paperwolk Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a 
val OMB control number. 

Nu; 2 9 200lJ h:CLARATION 
ADDITIONAL INVENTOR(S) 

Supplemental Sheet 
Page _g_ of _2_ 

.,. ('~ 

"'q:f-4"-·!\~ I 
Name'OTAdditional Joint Inventor, if any: D A petition has been filed for this unsigned inventor 

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

Albert 1 .Jjeuberger -..... 
Inventor's TP~AA+.~ 11/21/00 
Signature Date 

Erlangen ~~~ I State I I ,!Germany German 
Residence: City Country Citizenship 

Post Office Address Hausaeckerweg 18 

Post Office Address 

City Erlangen I State I I ZIP I D-91 056 I 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 Surname 

Heinz L /2 Gerhaeuser 

Inventor's ~~ ~ 11/21/00 Signature ! IMvJ. Date 

v j~ I c t I Germany German 
Residence: Citv Waischenfeld ;

1 
Sta oun ry CitizenshiD 

~ 

Post Office Address Saugendorf 17 

Post Office Address 

City Waischenfeld I State I I ZIP I D-91344 I Country I Germany 

Name of Additional Joint Inventor, if any: I 0 A petition has been filed for this unsigned inventor 

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

Inventor's 
Signature Date 

Residence: City I State I I country I Citizenship 

Post Office Address 

Post Office Address 

City I State I I ZIP l I Country 1 
.. Burden Hour Statement: Th1s form lS est1mated to take 0.4 hours to complete. Ttme w1il vary dependmg upon the needs of the tndtvtdual 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 2018-91 
Sirius XM v Fraunhofer, IPR2018-00681

PTO/SB/02A (3-97)
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An~ I [lfame of Additional Joint Inventor, if any: D A petition has been filed lor this unsigned inventor 

Given Name (first and middle {if any)) Family Name or Surname 

Sabah Badri 

Inventor's 5.f>cAC~ 11/22/00 
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DECLARATION- Utility or Desian Patent Application I 
I 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 !he first paragraph of35 U.S.C. 112, I 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 !he national or PCT international filing date of this application. 

U.S. Parent Application or PCT Parent Parent Filing Date Parent Patent Number 
Number (MM/DDN'fYY) (if applicable) 

0 Additional U.S. or PCT international application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hereto. 

As a named inventor, I hereby appoint the following registered practitioner(sl to prosecute this aj)plication and to transact all business in the Patent 
and Trademark Office connected therewith: 0 Customer Number I • I Place Customer I OR Number Bar Code 

(;;) Registered practitioner(s) nama/registration number listed below ·<>h<>! h<>rD 

Registration 
Name 

Registration 
Name Numb&r Number 

David :s. Al:lrams 
> 

22.576_ Stacey J. Longanecker 
Robert H. Berdo 19,415 Joseoh J Buczvnski -~ Alfred N. Goodman c 

26~458 Wayne C. Jaeschke. Jr. 
Mark S. Bicks ?I!'ZO. Tara Laster Hoffman ~ 
John E. Holmes 29.392 Jeffrey J. Howell -~ 
rarre~:· Davis ~ 

Marcus R. Mickney =--Christian C. Michel 

] Additional reaistered oractitionerlsl named on suoolementa! Reaistered Practitioner Information sheet PTO/SB/02C attached hereto. 

Direct all correspondence to: 0 Customer Number I I OR li2J Correspondence address below 
or Bar Code Label 

Name John E. Holmes 

Address Roylance, Abrams, Berdo & Goodman, LLP. 

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

City Washing!on State l D.C. ZIP 20036 

Country USA helephone I (202)659-9076 Fax (202)659-9344 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under 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: I D A petition has been filed for this unsigned inventor 

Given Name (first and middle rif anvll Familv NamP. nr" 

Ernst - Eberlein 

Inventor's 0Q .. 
11/21/0:: Signature ......... I Date 

Residence: City Grossenseebach ~~~~ Country I Germany CitizenshiP German 
{ 

Post Office Address 
Waldstrasse 28 b 

Post Office Address 

City Grossenseebach I State I ZIP I D-91091 Country Germany 

DAdditional inventors are beinQ named on the supplemental Additionallnventor(s) sheet(s) PTO/SB/02A attached hereto 
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Tara Laster Hoffman
Jeffrey J. HowellMarcus R. Mickne'
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punishable by fine or imprisonment, or both, under 18 U.S.C. 1004 and that such willful false statements may jeopardize the valklity of the
application or any patent issued thereon.

Name of Sole orFirst Inventor: Ola petition has beenfiled for this unsigned inventor
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Filing (37 CFR 1.16 (e)) Examiner Name 

~ "' required) 

As a below named Inventor, I hereby declare that: 

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

I believe I 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 souaht on the invention entitled: I Method and Apparatus for Fine Frequency Synchronization in Multi-Carrier Demodulation 
Systems I 
the specification of which {Title of the Invention) 
0 is attached hereto 

OR 
0 was filed on (MM/DDIYYYY) I 04/14/98 I as United States Application Number or PCT International 

Application Number I PCTIEP98/02184 I and was amended on {MM/DDIYYYY) I .J {if applicable). 

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

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

I hereby claim torelgn priority benefits under 35 U.S.C. 119(a)·(d) or 365(b) of any toreign applicalion(s) for patent or Inventor's 
certificate, or 365(a) of any PCT international arcplication which designated at least one country other than the Unite~ States of 
America, listed below and have also identified be ow, by checking the box, any forei~;~n application for P.atent or inventor's certificate, 
or of any PCT international application having a filing date before that of the application on which prionty is claimed. 

Prior Foreign Application Foreign Filing Date Priority Certified Copy Attached? 
Numberfsl Country (MM/DDIYYYY) Not Claimed YES NO 

D D IZI 
0 D 0 
D D D 
D D D 

0 Additional foreign application numbers are listed on a supplemental priority data sheet PTO/SB/028 attached hereto: 
I hereby claim the benefit under 35 U.S.C. 119(el of anv United States orovisional aoolicationlsllisted below. 

Application Number(s) Filing Date (MMIDD/YYYY) 

D Additional provisional application 
numbers are listed on a 
supplemental priority data sheet 
PTO/SB/028 attached hereto. 
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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 nameis listed below) or an original, first and joint inventor(if plural
fhamesare 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 Muiti-Carrier Demodulation

Systems 
  
  
  

the specification of which {Title of the invention)
is attached hereto
OR

wasfiled on (MM/DD/YYYY)| 04/14/68 as United States Application Number or PCT international

Application Number|PCT/EP98/02184 and was amended on (MM/DD/YYYY) [ti‘;CTCTCOC~*@™* (if applicable).
| hereby state that | have reviewed and understand the contents of the above identified specification, including the claims, as
amended by any amendmentspecifically referred to above. 

  

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

 
 

   

{ 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 apprcation which designated at least one country other than the United States ofAmerica, listed below and havealso identified below, by checking the box, any toreign application for patent or inventor's certificate,
or of any PCT international application having a filing date before thatof the application on which priority is claimed.

Prior Foreign Application|county Foreign Filling Date Priority Certified Copy Attached?Number(s MM/DD/YYYY Not Claimed NO

oO Additional foreign application numbers are listed on a supplemental priority data shaet PTO/S8/02B attached hereto:
| hereby claim ihe benefit under 35 U.S.C. 119(e) of any United States provisional application(s) listed below.

Application Number(s) Filing Date (MM/DD/VYYY
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[] Additional provisional application
numbers are listed on a

supplemental priority data sheet
PTO/SB/02B attached hereto.

ADDRESS. SEND TO: Assistant Commissioner for Patents, Washington, OC 20231.
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NameoT 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 Surname 

Albert Heuberger - ' 
Inventor's TQ 1\+.~£ 11/21/00 

\ Signature ~-~ Date 

Residence: City Enangen~J I · . State 
J , I Germany Citizenship 

German 
Country! 

Post Office Address Hausaeckerweg 18 

Post Office Address 

City Erlangen I State I I ZIP I D-91056 I Country Germany 

Name of Additional J_olnt lnventor,lf any: I D A petition has been filed for this unsigned inventor 

Given Name (first and middle (If any]) Family Name or Surname 

Heinz L fl Gerhaeuser 

Inventor's 7~1/A 11/21/00 
Signature Date 

Residence: Cltv 
WaiscWenfeld~ I Country !Germany Citizenship 

German 

Post Office Address Saugendorf 17 

Post Office Address 
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Name of Additional Joint Inventor, if any: I D A petition has been filed for this unsigned inventor 
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Heuberger :

Signature ry o Date

somyal —Residence: city |eeaSOP “NPNN|state Citizenship

Hausaechorwen 10

Post Office Address

enemo]sow
Nameof Additional Joint inventor,if any: (1A petition has beenfiled for this unsigned inventor ,

Given Name (first and middie {it any) |

{ tor’ Ur /

echontelic RNS Taal [counISer=rY|cusnari[SPAN|

\

Post Office Address|Saugendorf 17

Nameof Additional Joint inventor,if any: [CJA petition has beenfiled for this unsigned inventor

))Given Name(first and middle [if any Family Name or Sumame

Inventor’s
Signature Date

Residence: City reeeeeeCitizenship

Post Office Address

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. Anycomments 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. SENDTO: Assistant Commissioner for
Patents, Washington, DC 20231.
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Approved for use through 9/30/98 OMB 0651-0032 

Patent and Trademar1< Office; U.S. DEPARTMENT OF COMMERCE 
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~ 

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. -

l\U~ 9- ~~ DECLARATION 
ADDITIONAL INVENTOR(S) 

~~ 
Supplemental Sheet 

Page _t_ of _2_ 
. ..,.:0' 

~~~~, I 
"Name of Additional Joint Inventor, if any: 0 A petition has been filed for this unsigned inventor 

Given Name (first and middle [if any)). Family Name or Surname 

Sa bah Badri 

~ 
Inventor's 5.,;~ 11/22/00 
Signature Date 

Residence: City Erlangen~ I I I JGermany Citizenship 
Moroccan 

. Shh Countr 
./ I 

Post Office Address Sebaldusstrasse 8 

Post Office Address 

City Erlangen I State I I ZIP I D-91 058 I Country Germany 

Name of Additional Joint Inventor, if any: I O A petition has been filed for this unsigned inventor 

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

Stefan ,biJlP-
Inventor's 'i,~ 11/22/00 Signature Date 

Residence: Cltv 
Erlangen ~Statal I CountJ Germany Citizenship 

German 

+ 

~ 1 

~ 
J 

Post Office Address Steinweg 9 a 
-

~ 

Post Office Address 

City Erlangen I State I I ZIP I D-91058 I Country I Germany 

Name of Additional Joint Inventor, If any: I 0 A petition has been filed for this unsigned inventor 

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

Slftehan -~~· .. ·~·---Inventor's 

. "\ Signature Date 

Residence: City 
~ .l. II. ... ~ Muenche"'-;J ~ 

State I I l Germany 
Counti'Y Citizenship 

German 

Post Office Address Kerschlacher Strasse 8 

Post Office Address 

City Muenchen I State I I ZIP 
10-81447 I Country I 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 cesa. 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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Approved lor use through 9/30/00. OMB 0651·0032 
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act ol1995, no persons are required to respond to a collection of information unless it contains 
a valid OMB control number 

r Attorney Docket Number 41001 

-.. DECLARATION FOR UTILITY OR 
Ernst Eberlein 

0 I P/r- DESIGN First Named Inventor 

COMPLETE IF KNOWN 

+ 
'"" 

~ PATENT APPLICATION 

~ · Nov 1 9 2JJOo • (37 CFR 1.63) Application Number / co 
1!. 

~ Dedaration 
Filing Date 

~,.. 

4')eo,.t~ -
\.. 

+ 

El Dedaration 
Submitted OR Submitted after Initial Group Art Unit 
with Initial Filing (surcharge 
Filing (37CFR 1.16 (e)) Examiner Name 

required) ..J 

As a below named Inventor, I hereby declare that: 

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

I believe I 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 lor which a patent is sought on the invention entitled: I Method and Apparatus for Fine Frequency Synchronization in Multi-Carrier Demodulation 

Systems J 
the specification of which (Tille of the Invention) 
0 is attached hereto 

OR 

0 was filed on (MM/DDNYYY) 104/14/98 I as United States Application Number or PCT International 

Application Number I PCTIEP98/02184 I and was amended on (MM/DDIYYYY) I I (if applicable). 

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

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

I hereby claim foreign priori!~ benefits under 35 U.S.C. 119(a)·(d) or 365{b) of any foreign application(s) lor patent or inventor's 
certificate, or 365(a) of any CT international aeplication which designated at least one country other than the United States of 
America, listed below and have also identified be ow, by checking the box, any forei~n appRcation 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 Filing Date Priority Certified Copy Attached? 
Number(s) Country (MM/DDIYYYY) Not Claimed YES NO 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 Additional foreign application numbers are listed on a supplemental priority data sheet PTO/SB/028 attached hereto: 
I hereby claim the benefit under 35 U.S.C. 1191el of anv United States provisional aoolicationlsl Hsted below. 

Application Number(s) Filing Date (MM/DDIYYYY) 

D Additional provisional application 
numbers are listed on a 
supplemental priority data sheet 
PTO/SB/02B 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 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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DESIGN

PATENT APPLICATION

(37 CFR 1.63)

 
 
 

|FilingDate|Date
Groupatunt |
eames|

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

 
 

 
 

J Declaration
Submitted OR Submitted after Initial
with Initial Filing (surcharge
Filing (37 CFR 1.16 (e))

 
  

 
 
  
 
 

As a below namedinventor, | hereby declare that:

 t believe i am the original, first and sole invenior (if only one nameis listed below) or an original, first and joint inventor {if plural
namesare 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

[4] wasfiled on (MM/DD/VYYY)|04/14/98 as United States Application Number or PCT International

Application Number|PCT/EP98/02184 and was amended on (MM/DD/YYYY)CLCtiti‘C;wCSC*é*COY (it applicable).
I hereby state that { have reviewed and understand the contents of the above identified specification, including the claims, as
amended by any amendmentspecifically referred to above.

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

   
 

  
 | 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'scertificate, or 365(a} of any PCT international application which designated at feast one country other than ihe United States of

America, listed below and have also identified below, by checking the box, any foreign application for patent or inventor's certificate,
of of any PCT international application having a filing date before that of the application on which priortty is claimed.

 
 
 
 

Application Number(s) “Filing Date (MM/DD/YYYY

(Page 1 of 2]
Burden Hour Statement: This form is estimated to take 0.4 hours to complete. Time will vary dapending upon the needs of the
individual case. Any comments on the amount of time you are required to complate this form should be sent to the Chiet Information
Officer, Patent and Trademark Office, Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADORESS. SEND TO: Assistant Commissionerfor Patents, Washington, DC 20231.

 

  
  
 

[_] Additional provisional application
numbers are listed ana

supplemental priority data sheet
PTO/SB/02B attached hereto.
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Please type a plus sign(+) inside this box -+t...:!:.....J Approved for use through 9/30198. OMB 0651·0032 + 
Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995 no persons a e req · ed 1 respond I a coli r of ·nf r I ·1 ta• r Ulr 0 0 ec1on 1 orma 10n un ass 1 con 
. /0 I P~d OMB control number. 

msa 

~ ADDITIONAL INVENTOR(S) 

t . Nov 19 ZOOo &~CLARATION Supplemental Sheet 
Page j__ of _a_ 

.U 

~nal Joint lnventor,lf any: I 0 A petition has been filed for this unsigned inventor 

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

Sabah Badri 

Inventor's 
Signature Date 

Residence: City 
Erlangen I State I rJGermany Citizenship 

Moroccan 
Count 

Post Office Address Sebaldusstrasse 8 

Post Office Address 

City Erlangen I State I I ZIP I D-91 058 I Country Germany 

Name of Additional Joint lnventor,lf any: I 0 A petition has been filed lor this unsigned inventor 

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

Stefan Lipp 

Inventor's 
Signature Date 

Residence: City 
Erlangen I State I I Country IGermany CltlzenshiD 

German 

Post Office Address Steinweg 9a 

Post Office Address 

City Erlangen I State I I ZIP I D-91058 I Country I Germany 

Name of Additional Joint lnventor,lf any: I D A petition has been filed for this unsigned Inventor 

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

Stephan Buchholz 

Inventor's ~~,2~cffi~ 11/X>/00 
Signature Date 

II 

I State I Residence: City 
Muench en t 1 Germany German 

Country Citizenship 

Post Office Address Kerschlacher Strasse 8 

Poet Office Address 

City Muench en 

' State ' 
I ZIP Jo-s1447 I Country l Germany 

.. Burden Hour Statement: This form Ia estimated to take 0.4 hours to complete. Time will vary dependmg upon the needs of the lnd1v1dual 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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ADDITIONAL INVENTOR(S)

Supplemental ShSheetPage 1_ of _

Ol A petition has beenfiled for this unsigned inventor

  
  

  
  

Given Name|GivenName(firstandmiddle{itany)and middle (if any}) Family Name or Surname
Sabah Badri

inventor's
Signature Date

n Germ MoroccaResidence: City Erlangen ‘uw|_Leouam|2|Citizenship
Post Office Address Sebaldusstrasse 8

Post Office Address

fonfewomTome] J00 _Jorae
Nameof Additional Joint Inventor,if any: (CJA petition has been filed for this unsigned inventor

Given Name {first and middle {if any]) Family Name or Surname

Inventor's
Signature DateResidence: CiteeGermany —
Post Office Address|Steinweg 9 a

Cseeee
Name of Additional Joint inventor,if any: (CJA petition has beenfiled for this unsigned inventor

Given Name {first and middle [if any}) Family Name or Surname

Inventar’s lan KuWe oan [23/20/00

cenfore[me[Tolfel
PostemceeAddress|Kerschlacher Strasse 8

 

 

  
 

  
  

 

 

 
  
 
  

 

 

 
 

 
 

 PostpostotticeAddressAddress
aa
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 timeoon are required to complete this form should be sent to the Chist information Officer, Patent and TradamarkOffice, Washington, DC 20231. NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:Assistant Commissionerfor
Patents, Washington, DC 20291.
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Approved for use through 9/30198. OMB 0651-()()32 + 
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

0 1 p~ 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. 

r &r lg20oq ~DECLARATION ADDITIONAL INVENTOR(S) 
Supplemental Sheet 

Page _2_ of _2.._ 

~ _CJ 

4 '~dditional Joint Inventor, If any: I 0 A petition has been filed for this unsigned inventor 

Given Name (first and middle [H any]) Family Name or Surname 

Albert Heuberger 

Inventor's 
Signature Date 

Residence: City 
Erlangen I State I I rvl Germany Citizenship 

German 
Countr 

Post Office Address Hausaeckerweg 18 

Post Office Address 

City Erlangen I State I I ZIP 10-91056 l Country Germany 

Name of Additional Joint Inventor, If any: J D A petition has been filed for this unsigned Inventor 

Given Name (first and middle [H any]) Family Name or Surname 

Heinz Gerhaeuser 

Inventor's 
Signature Date 

Residence: City 
Walschenfeld l State I I Country (Germany Citizenship 

German 

Post Office Address Saugendorf 17 

Post Office Address 

City Waischenfeld I State I I ZIP I D-91344 I Country I Germany 

Name of Additional Joint Inventor, if any: I 0 A petHion has been filed for this unsigned Inventor 

Given Name (first and middle (If any]) Family Name or Surname 

Inventor's 
Signature Date 

Residence: City I State I lcountrv I Citizenship 

Post Office Address 

Post Office Address 

City I State I I ZIP I I Country I 
Burden Hour Statement: This form Is estimated to take 0.4 hours to complete. Time will vary depending upon the needs of the ln<fiVidual 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 Trademari( 
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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Pleasetype a plus sign (+) inside this box >[+|Approved for use through 9/30/98. OMB 0651-0032Patent 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 untess it contains a
valid OMB control number.  
   

 

 

ADDITIONAL INVENTOR(S)
Supplemental Sheet

Page 2 of __2
 

 
 

  
  

  

(_)Apstition has been filed for this unsigned inventor

 | ; Given Name(first and midcie [if any]) Family Name or Sumame

Signature Date

GermResidence: City eransen|sae|—_eeummlS272"|ctrnanp[SER
Post Office Address Hausaeckerweg 18

Post Office Address

fee][oe[P10 Jeane
Name of Additional Joint Inventor, if any:

 

 
 
 

  

 
 

(JA petition has been filed for this unsigned Inventor 
 

  
  
  
  

 

Given Name(first and middie [if ary}) Family Name or Sumame 

Gerhaeuser

Inventor's
Signature Date

Residence: Cit Waischenfeld eute||county Germany
Post Office Address|Saugendorf 17

[or [wesowee owl[Joo Teams
Name of Additional Joint Inventor,if any: (LA petition has beenfiled for this unsigned inventor

Given Name(first and middte {if any]) Family Name or Sumame

inventor's :
Signature Date

Residence: City eeeeeeCitizenship|

Post Office Address

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. Anycomments on the amount of time you are required to complete this form should be sent to the Chief Information Officer, Patent and Tradema
Office, Washington, DC 20231. NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:Assistant Commissioner for
Patents, Washington, OC 20231.
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Approved for use through 9/30/00. OMB 0651·0032 
Patent and Trademark Ollice; U.S. DEPARTMENT OF COMMERCE 

Under tile Paperwork Reduction Act ol1995. no persons are required to respond to a collection of information unless it contains 
a valid OMB control number. 

Please type a plus sign (+)inside this box --.ll ~ 

I DECLARATION- Utility or Design Patent Application I 
I hereby claim the benefit under 35 U.S.C. 120 of any United States appfication(s), or 365(c) of any PCT international application desienating the 
United States of America, fisted below and, insofar as the subject matter of each of the claims of this application Is not disclosed n the prior 
United States or PCT International application in the manner provided by the first paragraph of 35 U.S.C. 112, I acknowledge tile duly 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 appfication 
and tile national or PCT International filing date of this application. 

U.S. Parent Application or PCT Parent Parent Filing Date Parent Patent Number 
Number (MMIDDIYYYY) (H applicable) 

I D Additional U.S. or PCT International application numbers are listed on a supplemental priority data sheet PTO/SB/028 attached hereto. 

As a named Inventor, I hereby appoint the following registered practitioner(s) to prosecute this application and to transact an business In the Paten 
and Trademark OHice connected tllerewith: D Customer Number I 1 ... I Place Customer I OR Number Bsr Code 

(;;] Registered practitioner(s) name/registration number listed below I 

Registration 
Name 

Registration 
Name Numb&r Number 

U8VIO ::S. ADratnS 22,576 Stacev J. lonQanecker 33,952 
Robert H. Berdo 19.415 Joseoh J. Buczvnsld 35,084 
Alfred N. Goodman 26.458 Wavne c. Jaeschke, Jr. 38,503 
Marks. Bicks 2a,no Tara Laster Hoffman P-46.510 
John E. Holmes 29,392 Jeffrey J. Howen 46,402 

Garre~. Davis 32,023 ~~c~ 
44,941 

32.531 46.300 

] Additional reolstered oractitionerlsl named on suoolemental Reoistered Practitioner Information sheet PTOISB/02C attached hereto. 

Direct all correspondence to: D Customer Number I I OR ~ Correspondence address below 
or Bar Code Label 

Name John E. Holmes 

. Roylance, Abrams, Berdo & Goodman, l.l.P . 

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

City Washington State J D.C. ZIP 20036 

Country USA I Telephone I (202)659-9076 Fax (202)659-9344 

I hereby declare that all statements made herein of my own knowlediJ.e are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made wi the knowledge that willful false statements and tile like so made are 
punishable by fme or lmC:isonment, or both, under 18 U.S.C. 1001 and that such willful false statements may jeopardize the validity of tile 
appUcation or any patent sued thereon. 

Name of Sole or First Inventor: I 0 A petition has been filed for this unsigned inventor 

Given NameJfirst and middle Iif anvn Familv NAme or 

Ernst Ebertein 

Inventor's 
Signature Date 

Residence: City Grossenseebach I Statal country I Germany CltlzenahiD German 

Post Office Address 
Waldstrasse 28 b 

Post Office Address 

City Grossenseebadl I State 

' 
ZIP I D-91091 I Country I Germany 

DAddHionallnventors are being named on the supplemental Addltionallnventor{s) sheet(s) PTO/SB/02A attached hereto 

+ [Page 2 of 2) 

Fraunhofer Ex 2018-102 
Sirius XM v Fraunhofer, IPR2018-00681
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PTO/SB/01 (12-97)
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 1995, no parsons are required to respond to a collection cf information unless it contains
a valid OMB control number.

 
 

  

 
 

 DECLARATION — Utility or Design Patent Application

thereby claim the benefit under 35 U.S.C. 120 of any United States application(s), or 365(c) of any PCT international application designating theUnited States of America,listed below and, insofar as the subject matter of each of the ciaims 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 avaitable between the filing date of the prior application
and the national or PCT internationalfiling date of this apptication.

U.S. Parent Application or PCT Parent Parent Filing Date Parent Patent Number
Number MM/DD, ‘ifapplicable

|_] Additional U.S. or PCT international application numbers arelisted on a supptamentalpriority data sheet PTO/SB/02B attached hereto.
As a named inventor, | hereby appoint the following registered practitioner(s) to prosecute this application and to transact afl business In the Patent]
and Trademark Office connected therewith: [7] customer Number

A

 
 

  

 
 
 
 

    

 
 

>> Place CustomerNumber Bar Codeapelfhera  

fv} Registered practitioner{s) name/registration number listed below

Name NUMpS

 

 Registration 
lli get

Wayne Cc. Jaeschke,Jr.Tara Laster Hoffman
Jeffrey J. Howell
Marcus R. Mickne’
Christian C. Mi

[OR Correspondance address below

  
 

Merced!alaeGeese 
 

 
soyas

 
  
 

Directall correspondence to: [[] Customer Number
or Bar Code Label  
 
 

 
Washington state_|D.C.

202)659-9076 (202)659-9344
| heraby declare that all statements made herein cf 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 thereon.

Name of Sole orFirst inventor: C) A petition has been filed for this unsigned Inventor

Given Name ifirst and middle [it an

 
  
   

  

 
 

ait) Ae © hame

 

Olaaditional inventors are being named cn the __supplemental Additional Inventor(s) sheet(s) PTO/SB/02A attached hereto  

[Page 2 of 2)
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PTO/SB/01 (12-97) + 
Approved for use through 9/30/00. OMB 0651·0032 

Patent and Trademark OHice; 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. 

Please type a plus sign(+) inside this box -Ol GJ 

DECLARATION- Utility or Design Patent Application I 
I hereby ·claim the benefit under 35 U.S.C. 120 of any United States application(s), or 365(c) of any PCT international application desi9nating the 
United States of America, listed below and, insofar as the subject matter of each of the claims of this application Is not disclosed 1n the prior 
United States or PCT International application in the manner provided by the first paragraph of 35 U.S.C. 112, I 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 international filing date of this application. 

U.S. Parent Application or PCT Parent .Parent Filing Date Parent Patent Number 
Number (MM/DDIY""Y) (If applicable) 

. D Additional U.S. or PCT international application numbers are listed on a supplemental priority data sheet PTO/SB/028 attached hereto. 

As a named inventor,.! hereby appoint the following registered practitioner(&) to prosecute this application and to transact all business in the Paten 
and Trademark Office connected therewith: D Customer Number I I • I Plllce Customer 

Number Bar Code OR 
[;'I Registered praclitioner(s) name/registration number listed below I 

Registration 
Name 

Registration 
Name Number Number 

I~ 
DaVIO s. Abrams 22.516_ Stacey J. LonQaneCker 
Robert H. Bardo ' 19.415 Joseoh J. Buczvnskl 

Alfred N. Goodman _>:t>.4::.H Wayna C. Jaaschka. Jr. 
Mark S. Sicks ?A77(1_ Tara laster Hoffman ID 

John E. Holmes ~ Jaffrey J. Howell 
'"· GanettV. Davis ~~i ~:J~Rc~~= """" A .lnhn""n 46.300 

] Additional reaistered oractitionerLs_lnamed on suoolemental Reaistered Practitioner Information sheet PTO/SB/02C attached hereto. 

Direct all correspondence to: D Customer Number I I OR li2J Correspondence address below 
or Bar Code Label 

Name John E. Holmes 

a Roylance1 Abrams. Bardo & Goodman L.L.P. 

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

City Washington I State l. D.C. ZIP 20036 

Country USA lrelephone I (202)659-9076 Fax (202)659-9344 

I hereby declare that all statements made herein of my own knowled~e are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made wit the knowledge that willful false statements and the like so made are 
punishable by fine or imCrisonment, or both, under 18 U.S.C. 1001 and that such willful false statements may jeopardize the validity of the 
appllcatlon or any patent ssued thereon. 

Name of Sole or First Inventor: I 0 A petition has been filed for this unsigned Inventor 

Given Name (first and middle lif anvn F~tmilv NAm~ nr 

Ernst - Eberlein 

IJJ 
Inventor' a 

~0 
~ 

11/21/(X Signature ......... I Date 

Residence: City Grossenseebach ~~~ Country I Germany Citizenship German 

Waldstrasse 28 b 
( 

Post Office Address 

Post Office Address 

City Grossensaabach I State I ZIP I D-91091 Country Germany 

DAdditional inventors are being named on the supplemental Additional lnventor(s) sheet(s) PTO/SB/02A attached hereto 

+ [Page 2 of 2) 
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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 Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unlessit contains
a valid OMB contro! 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 theUnited States of America, listed below and, insofar as the subject matter of each of the claims of this application is not disclosed tn 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 internationalfiling date of this application.

As a namedinventor, | hereby appoint the following registered practitioner(s) to prosecute this application and toeeall business in the Patent]and Trademark Office connected therewith: (C] customer Number Place Customer
NumberBar Code

3 xt Stacey J. Longanecke
Rober H. Berdo E Joseph J. Guczvnski
Alf ood 26455 Wayne C. Jaeschke, Jr.
Mans.Bake man “£28 Tara Laster Hoffman
John E. Holmes 392 Jeffrey J. Howell

Vv. Da is P Marcus R. Micknparen. Devs Christian C. M

Directall correspondence to: (] Customer Number ICorrespondence address belowor Bar Code Label OR 4) p

joy_|Washinton [aeE20.[iw|200%e
202)659-9076|cax|(202)659-9344

i heraby declare that all statements made herein cf my own knowledge are true and that all statements made on information and belis! 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 theapplication or any patent issued thereon.

Nameof Sole or First Inventor: Oa petition has beenfiled for this unsigned inventor

Given Name (first and middle [if an|EemilyNamearSumame

Inventor's 0
Signature =

AAT
Residence: City Grossenseebach ota Countr Germany Citlzenship|German

Post Office Address|Vaidstrasse 28 b

Post Office Address

feyemma)Le|28 [cova|comary|
Oaaditional inventors are being named on the ____supplemeéntal Additional Inventor(s) sheet(s) PTO/SB/O2A attached hereto!
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41001 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Ernst Eberlein et al. 

Serial No.: 09/673,270 

Filed: October 13, 2000 

For: 
4")~ 

Method and Apparatus for Fm quency 
Synchronization in Multi-Carrier Demodulation 
Systems 

Group Art Unit: 

Examiner: 

INFORMATION DISCLOSURE STATEMENT 

Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

PATENT 

In compliance with 37 C.F.R. §§ 1.56, 1.97 and 1.98, the Applicants herewith submit 

copies of the items listed in the attached Form PT0-1449. 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 applications which disclose and claim related subject matter: 

ARRlicants Serial No. Title 

Ernst Eberlein et al. 09/673,265 Coarse Frequency Synchronisation in Multicarrier 
Systems 

Ernst Eberlein et al. 09/673,271 Frame Structure and Frame Synchronization for 
Multicarrier Systems 

Ernst Eberlein et al. 09/673,266 Echo Phase Offset Correction in a Multi-Carrier 
Demodulation System (As Amended) 

Ernst Eberlein et al. 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, IPR2018-00681

41001 BHOMPCT Pec’daqNOV 2cnd PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: : {
Group Art Unit:

 

Ernst Eberlein etal.

Serial No.: 09/673,270 Examiner: Filed: October 13, 2000

 >,Merece
For: Method and Apparatus for Fine" ré

Synchronization in Multi-Carrier Demodulation
Systems

INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents

Washington, D.C. 20231

Sir:

In compliance with 37 C.F.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

acknowledgementof these itemsis respectfully requested.

The Examineris also advised of the existence of the following commonly-assigned

USS. national stage patent applications which disclose and claim related subject matter:

Applicants Serial No. Title

Ernst Eberlein et al. 09/673,265 Coarse Frequency Synchronisation in Multicarrier
Systems

Ernst Eberlein et al. 09/673,271. Frame Structure and Frame Synchronization for
, Multicarrier Systems

Ernst Eberlein et al. 09/673,266 Echo Phase Offset Correction in a Multi-Carrier

_ Demodulation System (As Amended)

Ernst Eberlein et al. 09/673,206 Dual-ModeReceiver for ReceivingSatellite and
Terrestrial Signals in a Digital Broadcast System

Fraunhofer Ex 2018-104

Sirius XM v Fraunhofer, IPR2018-0068 1



f • • 
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. 

Roylance, Abrams, Berdo & Goodman 
1300 19th Street, N.W., Suite 600 
Washington, D.C. 20036-2680 
(202) 659-9076 

Dated: /(),cAl ~~ 21, UDo 

Respectfully submitted, 

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

Fraunhofer Ex 2018-105 
Sirius XM v Fraunhofer, IPR2018-00681
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F
ITED STATES DEPARTMENT OF COMMERCE 

tent and Trademark Office 
ddress: ASSISTANT COMMISSIONER FOR PATENTS 

Washington. D.C. 20231 

f u.s. A.PPLICA noN NO I I FlRST NAMED APPUCANT ATI"J'. DOCKET SO. 

09/673270 EBERLEIN E 41001 
I'NTER.NATIONAL APPLICATION NO 

ROYLANCE ABRAMS BERDO & GOODMAN 
SUITE 600 PCT /EP98/02184 
1300 19TH STREET NW 
WASHINGTON, DC 20036 I.A. FILINO DATE 

14 APR 98 

DATE MAILED· 

PRIORITY DATE 

l9 J~N 7.001 
NOTIFICATION OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C. 371 

AND 37 CFR 1.494 OR 1.495 

I. The applicant is hereby advised that the United States Patent and Trademark Office in its capacity as 0 a 

Designated Office (37 CFR 1.494), [i]an Elected Office (37 CFR 1.495), has determined that the above 
identified international application has met the requirements of35 U.S.C. 371, and is ACCEPTED for national 
patentability examination in the United States Patent and Trademark Office. \ 

2. The United States Application Number assigned to the application is shown above and the relevant dates arr 
29 nov 2000 

35 U.S.C. 102(e) DATE 
29 nov 2000 

DATE OF. RECEIPT OF 
35 U.S.C. 371 REQUIREMENTS 

A Filing Receipt (PT0-1 03X) 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. 37l(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. 0 A request for immediate examination under 35 U.S.C. 371(t) was received on 
the application will be examined in tum. 

4. The following items have been received: 
liJ U.S. Basic National Fee. 
liJ Copy of the international application in: 

0 a non-English language. 
00English. 

00 Translation of the international application into English. 
00 Oath or Declaration of inventors(&!or DO/EO/US. 
0 Copy of Article 19 amendments. U Translation of Article 19 amendments into English. 

The Article 19 amendments 0 have 0 have not been entered. 
0 The International Preliminary Examination Report in English and its Annexes, if any. 
liJ Copy of the Annexes to the International Preliminary Examination Report (IPER). 

0 Translation of Annexes to the IPER into English. 
The Annexes 0 have 00 have not been entered. 

[l] Preliminary amendment(s) filed 13 oct 2000 and---------
0 Information Disclosure Statement(s) filed and ______ _ 

0 Assignment document. 
0 Power of Attorney and/or Change of Address. 
00 Substitute specification filed 13 oct 2000 

0 Verified Statement Claiming Small Entity Status. 

· 0 Priority Document. 
00 Copy of the International Search Report 00 and copies of the references cited therein. 
Oother: 

Applicant is reminded that any communication to the United States Patent and. Trademark Office mus. ~ mailed 
to the a(!dfess given in the heading and include the U.S. application no. shown above. (37 CFRJ,.{) .,.\J . -"'-. 

. Shf:'!lby J, Vigil ~\ --~--<'"-,.:-
FORM PCT/DO/E0/903 (December 1997) .Telephone: 703-305-3653 

Fraunhofer Ex 2018-106 
Sirius XM v Fraunhofer, IPR2018-00681

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[simran]
ROYLANCE ABRAMS BERDO & GOODMAN
SUITE 600 PCTIEP98/02184
1300 19TH STREET NW
WASHINGTON,DC 20036

14 APR 98

soewmeo 9 JANZ001
NOTIFICATION OF ACCEPTANCEOF APPLICATION UNDER35 U.S.C. 371

AND37 CFR1.494 OR 1.495

1. The applicant is hereby advised that the United States Patent and Trademark Officein its capacity as C] a
Designated Office (37 CFR 1.494), [x] 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 ACCEPTEDfor national
patentability examination in the United States Patent and Trademark Office. :i

2. The United States Application Number assigned to the application is shown above andthe relevant dates are:
29 nov 2000 29 nov 2000

35 U.S.C. 102(e) DATE DATE OF.RECEIPT OF
35 U.S.C. 371] REQUIREMENTS

A Filing Receipt (PTO-103X) will be issued for the present application in due course. THE DATE
APPEARINGON THE FILING RECEIPT AS THE "FILING DATE" IS THE DATE ON WHICH THE

LAST OF THE 35 U.S.C. 371(C) REQUIREMENTSHAS BEEN RECEIVEDIN THE OFFICE. THIS
DATEIS SHOWN ABOVE.Thefiling date ofthe above identified application is the internationalfiling date
ofthe international application (Article 11(3) and 35 U.S.C. 363). Oncethe Filing Receipt has been received,
sendall correspondenceto the Group Art Unit designated thereon. ;

3. C] A requestfor immediate examination under 35 U.S.C. 371(£) was received on and
the application will be examinedin tum. x

4. The following items have been received: \ ,a
U.S. Basic National Fee.

Copyofthe international application in:
a non-English language.

English.

[x] Translation ofthe internationa! application into English.
[x] Oath or Declaration of inventors(s) for DO/EO/US.
LI copy ofArticle 19 amendments.L_!Translation of Article 19 amendments into English.

The Article 19 amendments OC have CJ havenot been entered.
C) The International Preliminary Examination Report in English and its Annexes,if any.

Copy of the Annexes to the International Preliminary Examination Report (IPER).

Translation of Annexes to the IPERinto English.
The Annexes C have [x] have not been entered,

(X] Preliminary amendment(s) filed__13 0ct 2000 and
Information Disclosure Statement(s) filed, and

Assignment document.

PowerofAttorney and/or Change of Address.
[X] substitute specification filed 13 oct 2000 .

Verified Statement Claiming Small Entity Status.
Priority Document.

Copyofthe International Search Report [x] and copies ofthe references cited therein.
Other:

eee
Applicantis reminded that any communication to the United States Patent and Trademark Office mustbe mailed

to the address given in the heading and include the U.S. application no. shown above.(37 aN \Ww
\ShelbyJ.Vigil SY

FORM PCT/DO/E0/903 (December 1997) Telephone: 703-305-3653
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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Ernst Eberlein et al. 

Serial No.: 09/673,270 

Filed: October 13,2000 

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

Group Art Unit: 2631 

Examiner: 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 

Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

RECEIVED 
JAN 0 3 2003 

Technology Center 2600 

In compl.iance 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 PT0-1449, 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 PT0-1449. 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. 

Roylance, Abrams, Berdo & Goodman 
1300 19th Street, N .W., Suite 600 
Washington, D.C. 20036-2680 
(202) 659-9076 

Dated, kce+-lr~ ~ Zoo2. 

~~0~ 
John E. Holmes 
Attorney for Applicants 
Reg. No. 29,392 

Fraunhofer Ex 2018-107 
Sirius XM v Fraunhofer, IPR2018-00681
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Ernst Eberlein etal. Group Art Unit: 2631

Serial No.: 09/673,270 Examiner: 
Filed: October 13, 2000

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

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

RECEIVED
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 acknowledgementofthese items is respectfully requested.

The Examineris 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 andis listed in the attached from PTO-1449. The

undersigned does not have a copy of the European documentbutwill be pleased to obtain and

submit a copy at the Examiner’s request.

Respectfully submitted,

pk. eeebeaw
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

Dated:|L ood.
Fraunhofer Ex 2018-107

Sirius XM v Fraunhofer, IPR2018-0068 1
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. 

09/673,270 

7590 

John E Holmes 

FILING DATE 

11/29/2000 

11/1912003 

Roylance Abrams Berdo & Goodman 
Suite 600 
1300 19th Street NW 
Washington, DC 20036 

FIRST NAMED INVENTOR 

Ernst Eberlein 

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

P.O. Box 1450 
Alexandria, Virginia 22313·1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

41001 3590 

EXAMINER 

WARE, CICEL Y Q 

ART UNIT PAPER NUMBER 

2634 r DATE MAILED: 11/19/2003 

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

PT0-90C (Rev. 10/03) Fraunhofer Ex 2018-108 
Sirius XM v Fraunhofer, IPR2018-00681

@
UNITED STATES PATENT AND TRADEMARK OFFICE 

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

P.O. Boa 1450
Alexandria, Virginia 22313-1450
www.uspto.gov

APPLICATION NO. FIRST NAMED INVENTOR ATTORNEY DOCKETNO.|CONFIRMATION NO.

09/673,270 11/29/2000 Ernst Eberlein 41001 3590

 
7590 11/19/2003 EXAMINER

John E Holmes . . WARE, CICELY Q

Roylance Abrams Berdo & Goodman :
Suite 600
1300 19th Street NW 2634

Washington, DC 20036 . 7DATE MAILED:11/19/2003

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

PTO-90C (Rev. 10/03) Fraunhofer Ex 2018-108

Sirius XM v Fraunhofer, IPR2018-0068 1



Appl 

09/673,270 EBERLEIN ET AL. 

Office Action Summary r 

•• The MAILING DATE of this appears on 
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;J MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 
• Extensions oftime 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. 

address·· 

- 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. 
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
• Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 

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

Status 

1)~ Responsive to communication(s) filed on 14 November 2003. 

2a)0 This action is FINAL. 2b)~ This action is non-final. 

3)0 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)~ Claim(s) 19-34 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)~ Claim(s) 19-34 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)~ The specification is objected to by the Examiner. 

10)~ The drawing(s) filed on __ is/are: a)O 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 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. §§ 119 and 120 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 
2.0 Certified copies of the priority documents have been received in Application No. __ . 
3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 

13)0 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 or in an Application Data Sheet. 
37 CFR 1.78. 
a) 0 The translation of the foreign language provisional application has been received. 

14)0 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) ~ Notice of References Cited (PT0-892) . 4) 0 Interview Summary (PT0-413) Paper No(s). __ . 

2) ~ Notice of Draftsperson's Patent Drawing Review (PT0-948) 5) 0 Notice of Informal Patent Application (PT0-152) 

3) ~ Information Disclosure Statement(s) (PT0-1449) Paper No(s) ,1. 6) 0 Other: 

PTOL-326 (Rev. 11-03) Office Action Summary Part of Paper No. 2 Fraunhofer Ex 2018-109 
Sirius XM v Fraunhofer, IPR2018-00681

Application No. Applicant(s)

 
 

 

 
 
 09/673,270 EBERLEIN ET AL.

Examiner Art Unit

Cicely Ware 2634

-- The MAILING DATE ofthis 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 betimely filed

after SIX (6) MONTHSfrom the mailing date of this communication.
- Ifthe period for reply specified aboveis less than thirty (30) days, a reply within the statutory minimum ofthirty (30) days will be considered timely.
- INO periodfor reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHSfrom 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, evenif timelyfiled, may reduce any

earned patent term adjustment. See 37 CFR 1,704(b).

 Office Action Summary

Status

1) Responsive to communication(s)filed on 14 November 2003.

2a)L] This action is FINAL. 2b) This action is non-final.

3)L] Sincethis application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordancewith 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 pendingin the application.
4a) Of the above claim(s) is/are withdrawn from consideration.

 

 

5)_] Claim(s)_____ is/are allowed.
6) Claim(s) 19-34 is/are rejected.
7)L) 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) The drawing(s)filed on is/are: 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).

Replacementdrawing 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)L] Acknowledgmentis madeof a claim for foreign priority under 35 U.S.C. § 119(a)-(d)or(f).
a)LI All b)T Some*c)L) Noneof:

1.0] Certified copies of the priority documents have beenreceived.
2.C] Certified copies of the priority documents have been received in Application No.
3.0] Copies of the certified copies of the priority documents have been receivedin 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). Acknowledgmentis made ofa claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application)
since a specific reference was includedin thefirst sentence of the specification or in an Application Data Sheet.
37 CFR 1.78.

a) C] Thetranslation of the foreign language provisional application has been received.
14)7 Acknowledgmentis madeofa claim for domestic priority under 35 U.S.C. §§ 120 and/or 121 since a specific

reference wasincludedin the first sentence of the specification or in an Application Data Sheet. 37 CFR 1.78.

 

Attachment(s)

1)DdNotice of References Cited (PTO-892) _ 4) Interview Summary (PTO-413) Paper No(s).
2) &X Notice of Draftsperson's Patent Drawing Review (PTO-948) 5) CJ Notice of Informal Patent Application (PTO-152)
3)XJInformation Disclosure Statement(s) (PTO-1449) Paper No(s) 3. 6) (_] other:
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• 
Application/Control Number: 09/673,270 

Art Unit: 2634 

· DETAILED ACTION 

Drawings 

• 
Page 2 

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 aM-fold 

uncertainty''. Examiner suggests using "contains an M-fold uncertainty''. 

Page 3 

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. 

I. 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. 

q. 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. 1 02(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 deviation 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 64-66, 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, I ines 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 
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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. 5,1ines 58-61, col. ?,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. 

(1 0) 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. 
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(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 (1 06, 1 08)) 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 
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Arndt. 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. This mapping scheme is based on a differential 

mapping inside one MCM symbol along the frequency axis. A 

number of MCM symbols 200 [[is]] are shown in Figure 2B. 

Each 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 via a loop filter 324. The loop filter 324 

-2-
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AMENDMENTSTO THE SPECIFICATION:
 

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

Figure 12 shows scatter diagrams of the output of an

f @aifferential de-mapper of [fa]]. an MCM

~ [2 receiver for illustrating the effect of an
echo phase offset correction;
 

Please amendthe paragraph beginning on line 4 ofpage 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. This mapping scheme is based on a differential
mapping inside one MCM symbol along the frequency axis. A

number of MCM symbols 200 [[is]] are shown in Figure 2B.

Zz Each MCM symbol 200 comprises a number of sub-carrier
hi 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

Please amendthe paragraph beginning on line 9 ofpage 18 as follows:

The output of the MCM demodulator 314 is also applied to

fine frequency error detector 320. The fine frequency

3 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 via a loop filter 324. The loop filter 324

-2-
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is a low 

interference 

pass filter 

portions of 

for filtering superimposed 

a higher frequency from the 

slowly varying 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 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 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 ofpage 19 as follows: 

-3-
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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 signal on the basis of

Cot 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

Please amend the paragraph beginning online 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

ff on a frequency offset from the same sub-carrier of two
h 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 ofthese samples are associated

with the same sub-carrier.

Please amend the paragraph beginning online 28 ofpage 19 as follows:
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The output Zk of the differential detector 330 contains 

[[a]] 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°, 

goo, 180° and 270°phase shifts. This phase shift 

uncertainty is eliminated from the output Zk [making use 

of a] by using an M-PSK decision device 340. Such 

decision devices are known in the art and, therefore, 

[[have]] are not [[to be]] described here in detail. The 

output of the decision device 340 (ak)" 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]] 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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The output Z of the differential detector 330 contains

[fal] 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°,

90°, 180° and 270°%phase shifts. This phase shift

uncertainty is eliminated from the eutput Z, {making use
f of a} by using an M-PSK decision device 340. Such

o Gecision devices are known in the art and, therefore,
[fhave]] 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

adifferential 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]] The phase

b 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 ofpage 21 as follows:

As described above, the frame/timing synchronization unit

7 uses the amplitude-modulated sequence in the received
f 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 unit 

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 is 

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 

embodimentl[, 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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therefrom. After the frame/timing synchronization unit

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 is

performed by a complex multiplication.

Please amend the paragraph beginning online 9 ofpage 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 online 13 ofpage 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 [[a]] 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 cause 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 

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°, 

respectively. 

goo, 18 0 ° and 2 7 0 ° , 

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 

-6-
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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:
S000

In Figure 12, scatter diagrams at the output of a

differential demapper of [[a]l] 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 cause a rotation of the demodulated phase
p 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 online 38 ofpage 27 as follows:
aA

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

I subcarriers. To illustrate the effect of such an EPOC
fb 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

Fraunhofer Ex 2018-128
Sirius XM v Fraunhofer, IPR2018-0068 1
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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: 

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 

axis. The output of the de-mapper 

along the frequency 

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]] 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. 

of the 

EPOC the second embodiment for one quadrant 

-7-
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‘ou(ib guard interval. The guard interval was chosen to be 25%
Bl! 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 [[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

IL 140 has been omitted in Figure 13. The output of the fast
fi 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 [[fa]] 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 online 2 ofpage 29 as follows:
TTT

13 A first embodiment of an EPOC algorithm and a device for
fp performing the same is now described referring to Figure1a. ——_ e
 

Please amend the paragraph beginning on line 19 of page 36 as follows:
The two plots in Figure 15 show the projection of the

6i BPOC algorithm of the second embodiment for one quadrant
-7-
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of the complex plane. Depicted here is the quadratic grid 

in the sector larg(z~ ~ :rr I 4 and the straight line 

y = f(x) = a + b · x with a -1.0 and b o. 5 (dotted 

line}. In case of a noise-free channel, all received 

symbols will lie on this straight line if 1+j0 was 

[ [send] ] sent. 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 

situation after 

the right 

applying 

part, Figure 

the projection 

15 · shows 

algorithm. 

the 

By 

looking on the left part, one can see, that the straight 

line now lies on the real axis with 2+j 0 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, 

however, 

different algorithms can be designed that will, 

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 
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of the complex plane. Depicted here is the quadratic grid

in the sector larg(z} < z#/4 and the straight line

y = f(x) =at+b-x with a = -1.0 and b = 0.5 (dotted

line). In case of a noise-free channel, ail received

symbols will lie on this straight line if 14+j0 was

[{send]]sent. 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 24+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 amendthe “Abstract of the Disclosure” section of the specification following
the claimsas 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 muilti-

carrier modulated signals, the signals comprising a

plurality of symbols, each symbol being defined by phase
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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 

of 

decision device. Finally, a feedback 

correction the carrier frequency deviation is 

performed based on the determined frequency offset. 

Alternatively, an averaged frequency offset can be 

determined by averaging determined frequency offsets of a 

plurality of carriers. Then, the feedback correction of 

the frequency deviation is performed based on the 

averaged frequency offset. 
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aifferences between simultaneous carriers having

aifferent 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

“Ble 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 be

determined by averaging determined frequency offsets of a

plurality of carriers. Then, the feedback correction of

the frequency deviation is 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 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 ofthe 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 symbois 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). 
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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 ofthe 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 
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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. 

Roylance, Abrams, Berdo & Goodman, L.L.P. 
1300 19th Street, N.W., Suite 600 
Washington, D.C. 20036 
(202) 659-9076 

Dated: I ~~MIll~, 2004 
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PATENT 
41001 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

1n re Application of: 

Ernst Eberlein et al. 

Serial No.: 09/673,270 

Filed: November 29, 2000 

For: METHODANDAPPARATUSFOR 
FINE FREQUENCY SYNCHRONIZATION 
IN MULTI-CARRIER DEMODULATION 
SYSTEMS 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

AMENDMENT 

: Group Art Unit: 2634 

: Examiner: C. Ware 

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 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 MUL Tl-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 additianaJ fee Is required. 

The fee has been calculated as shown below: 

SMALL ENTITY 

ADDIT. 

OTHER THANA 
SMALL ENTITY 

Ariorr. 

CLAIMS 
REMAINING 

AFTER 
AMENDMENT 

HIGHE:ST NO. 
PREVIOUSLY 

PAID FOR 
PRESENT 

r;;:.xrRA RATE FEE RATE Ft;;E 

TOTAL X 9:::: $ x1B $ 
INDEP - - x43= $ x86.,. $ 
0FIRST PRESENTATION OF MUL.T. OEP. CLAIM + 145 = $ + 290:: $ 
If the difference in Col. 1 i.s lese than zero, enter ''0" In Col. 2 TOTAL. $ TOTAL$ 

0 Applicant(s) petition(s) for an extension of __ month(s) to respond and submits herewith the fee 
of$ __ . 

0 Please charge my Deposit Account No. 1 B--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 follolllfing fees associated with this 
communication or aedit any overpayment to Peposlt Account No. 18-2220. A duplicate copy of this 
sheet is ettached. 

I:8:J Any additional excess claim fees under 37 C.F .R. § 1.16. 
[8J Any additional patent appliCation processing fees under 37 C.F.R. § 1.17. 

Date<:t: !q jc\).MAMj . 2004 

Roylance, Abrams, Berda & Goodman, L..L.P. 
1300 19ltl Street. N.W., Suite 600 
Washington, D.C. 20036 
(202) 659-9076 

sk6YTofl8eC er 
Attorney of Re d 
Reg. No. 33,952 
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AppL No. 09/988,001 
Arndt. dated May 19, 2003 

• ROYLANCE ABRAMS 

Reply to Office Action ofFebrua:ry 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] l 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. This mapping scheme is based on a differential 

mapping inside one MCM symbol along the frequency axis. A 

number of MCM symbols 200 [[isl] ~ shown in Figure 2B. 

Each 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 ofpage 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 via a loop filter 324. The loop filter 324 
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Reply to Office Action of February 19,2003 

is a low 

interference 

pass filter 

portions ·of 

£or filtering superimposed 

a higher frequency from the 

slowly varying 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 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 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. ~n 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-l (Figure 5), 

whereas the 433rd sample is associated with MCM-symbol-2 

(Figure 5). However, both of these samples are associated 

with the s~me sub-carrier. 

Please amend the paragraph beginning on line 28 of page 19 as follows: 
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• 
The output zk of the differential detector .33 0 contains 

[(a)] an M-fold uncertainty corresponding to codeable 

phase shifts. In case of the QPSK mapping, this M-fold 

uncertainty is a 4- fold uncertainty, 

270°Rhase shifts. 

i.e., in· the 0°, 

goo, 180° and This phase shift 

uncertainty is eliminated from the output Zk [making use 

of a] by using an M-PSK decision device 340. Such 

decision devices are known in the art and, theX'efore, 

([havell ~not [[to be]] described here in detail. The 

output of the decision O.evice 340 (a,,:)" 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]] 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 ofpage 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 unit 

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 is 

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 

embodimentl[, 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 ofpage 27 as follows: 

Systematic phase shifts stemming from echoes in rnultipath 

environments may occur between subcarriers in the same 

MCM symbol. [[This]]These phase offsets can cause bit 
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• 
errors when demodulating the MCM symbol at the receiver. 

Thus, it ~s 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 followl:»: 

In Figure 12, scatter 

differential demapper of 

As can be seen from 

diagrams at the output of a 

[[a)] an MCM receiver are shown.· 

the left part of Figure 12, 

systematic phase shifts between subcarriers in the same 

MCM symbol cause a rotation of the demodulated phase 

shifts with respect to the axis of the complex coordinate 

system. :In the right part of t::'igure 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 

modulated 

system. These 

phase shifts 

respectively. 

positions correspond 

180° and 

Please amend the paragraph beginning on line 38 of page 27 as follows: 

to the 

270°, 

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 1 reference is made to the two scatter diagrams 

of [ [subcarriersl] subcarrier symbols contained in one 

MCM symbol in Figure 12. [[This] 1 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 

-6-
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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 anvironmentes.

Please amend the paragraph beginning on line 20 ofpage 27 as follows:

In Figure 12, scatter diagrams at the output of a
differential demapper o£ [{aJ]] an MCM receiver are shown. :
As can be seen from the left part of Figure 12,

systematic phase shifts between subcarriers in thesame

MCM symbol cause a rotation. of the demodulated phase

shifts with respect to the axis of the complex coordinate

system. In the right part Qf 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 ofpage 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 [[subcarriears)] 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: 

Figure ~3 represents a 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 transmitted through the channel 122 

(Figures ~ and 13) and received at the receiver frontend 
I , 

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 environmentsk are. [[visualized]) illustrated 

by [ [a] ] 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 paxagraph 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 deecribed referring to Figure 

14. 

Please amend the paragraph beginning on line 19 of page 36 as follows: 
The two plots in Figure 15 show the projection of the 

EPOC algorithm of the second embodiment for one quadrant 

-7-
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of the complex plane. Depicted here is the quadratic grid 

in the sector larg(z) :5 1r I 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, 

this straight line 

all 

if 

received 

lie on l+jO was symbols will 

[[send))sent. The circle shown in the plots determines 

the boarder line for the two cases of Equation 40. In the 

left part, Figure 1.5 shows the situation before the 

projection, in the right part, Figure 1.5 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+j 0 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 .. se<::tion 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 be 

determined by averaging determined frequency offsets of a 

plurality of carriers. Then, the feedback correction of 

the frequency deviation is performed based on the 

averaged frequency offset. 

-9-
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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 ofthe 

Office Action. Applicants note that the text references in sections 2 and 3 of the 

Office Action correspond to the versjon 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, coaespond to the substitute specification 

submitted with the PreJ;mjnary 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 appara.tus for 

performing a fine frequency synchronization of multi-canier modulated signals in 

which symbols are defined by phase differences between simultaneous carriers having 

different .frequencies. This is recited in each ofthe 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 c:arrier in different symools are determined, phase shift 

uncertaintif?S are eli!l'linated from the detemrined 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 extrncted from the carrier, a phase difference between the extracted pilot 

signal and a previously extracted pilot signal which is delayed for a duxation of one 

symbol is calculated, and the prime part of the carrier frequetl.Cy 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 AJm patent, pilot signals are used for deriving a phase 

difference based on which a carrier frequency offset is determined. Thus, it is not 

neees.saxy to eliminate any phase shift uncertainties related to the transmitted 

infonnation since pilot signals are not provided for transmitting information but bave 

properties which are known at the transmitter's end and at the receivet"'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. 

Mak:iDg use of information carrying symbols for determining a frequency 

offset is advantageous when compared to the system taught by the Alm 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 impiemented. 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 synchroruring 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. 

h1 view of the above, it is believed that the application is in condition for 

allowance and notice to this effect is re.s~tfully requested. Should the Examiner 

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

telephone number indicated below. 

Roylance, Abrams, Berdo & Goodman. L.L.P. 
1300 19tb Street, N.W., Suite 600 
Washington, D.C. 20036 
(202) 659-9076 

Dated: 111.~\..w. "'5. 2004 
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FREQUENCY A!'ID PHASE LOCK LOOP WITH 
SEPARATED AFC AND PHASE LOCKING 

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-

BACKGROUND OF THE INVENTION plier is coupled to one input of a third multiplier with 
This invention relates generally to signal acquisition the quadrature beat signal of the other multiplier con-

and lock-on systems, and more particularly ·to a fre- verted by limiter circuitry and a ·low pass filter to a 
quency and phase lock loop system for receiving RF constant amplitude signal which is provided to the 
signals. . . . . other input tenninal of the third multiplier. With the 

A phase lock loop (PLL) is a feed back system typi· 10 low pass filter possessing a predetermined phase versus 
cally comprising a phase detector or phase comparator, frequency characteristic, the filter (and also the limiter) 
a PLL filter, and a voltage controlled oscillator (VCO). output signal undergoes a phase delay which is a func-
Tbe VCO output signal is applied to one input terminal tion of the signal frequency. Multiplication of the 
of a phase or frequency comparator, with an input refer- squared output signal of the limiter and the sinusoidal-
ence signal being provided to the other input terminal of IS like beat signal output of the first multiplier produces an 
the phase or frequency comparator. The comparator error signal of constant amplitude having a DC campo-
generates an error signal, in response to phase or fre- nent which varies with beat signal frequency. This DC 
quency differences between the VCO output signal and component is then filtered and fed back to the VCO 
the reference signal: T~e error si~nal is ap~;>lied. to the permitting input signal acquisition and normal phase 
PL~ filter, the output s~gnals of thts filter bemg, tn tum, 20 lock operation when the frequencies of the VCO and 
ap.Pbed to the control mput of ~e VCO. By means of the input signal are equal resulting in a DC output volt-
this feedback system the oscillator frequency ap- age signal from the Jimi.ter. This system represents a 
preaches more closelY, and ~ventually .locks onto the substantial improvement in automatic phase and fre-
ph~e of ~he reference mput stgnal by VIrtue of the cor· . quency control systems in that substantial independence 
.rectlon stg.n~ fed back to the VCO. . . 25 between signal acquisition and phase lock parameters is 
~e. typtcal· PLL has two ~odes of operation: stgnal achieved. 

acq~s~t~on, or frequency P~l-m, and ph~se lock. In the While a large signal acquisition range and stable 
acq~ttlon ~ode the VCO 5 frequency 15 not equal to phase lock loop operation is attainable in the auto~ ti 
the ·tnput Stgnal frequency and the loop generates a h . . a c 
voltage which pulls the VCO frequency toward the 30 p ~e a~d frequency control system descnbed ~nd 

. input signal's frequency until it locks. The level of this ~Iauned m the referenced patent, the degree. t.o. wh1ch 
stage of performance of the PLL is measured in terms of mdepen~ent control over the freque~cy ~cq~•s.•uon and 
the maximum frequency acquisition range and the time loop noJSe .perfo~~ce can b~ exerciSed ts lmllted. The 

. required for signal pull-in .. The second mode of PLL fee~ba:k stgnalm thiS ~ystem mcludes AC components 
operation is termed phase lock.which occurs when the 35 ~htch mclude barmomcs of the ~t frequency. As t~e 
·vco frequency and the ·input signal frequency are d1fference frequency between the mp~t ?nd VCO s!g-
equal. Phase lock mode of operation is measured, or nals ·become s~~er, th~ AC: loop gam mcreases w1th 
evaluated; in terms of PLL performance in the presence these harmomcs mcreastng 1~ s~ength. ~ot only do 
of noise. PLL performance in the presence of noise is · these beat f~equency hann~mcs mcrease m amplitude 
determined by the closed loop noise bandwidth .. In- 40 thus producmg unwanted s1debands around the VC? 
creased closed loop noise bandwidth resultS in increased center frequency, but the fun~amental beat frequency 1s 
PLL susceptibility to noise pertUrbation. To increase lost from the VCO control s~gnal. The absence o~ the 
the PLL's (requency acquisition raitge, the cutoff fre- fundamental beat frequency IS d~e .to. the "choppmg" 

. · quency of the low pass loop filter is increased. How- e!fect of th~ fr~quency loop multtpher on the bE;at note 
ever, this has the simultaneous li.ndesirable effect of 4S signal and luntts PLL performance. More specifically, 
increasing the closed loop noise bandwidth thus. de- the ~t:iction on the independent· contr~l of freque~cy 
creasing PLL performance in the phase lock mode of acqulSltlon and PLL parameten results m the require-
operation. Thus; in prior art PLLsystems a compromise ·ment that the residual frequency error of the frequency 
.between.acquisition range and loop noise performance acquisition part of the system must be less than the 
.was required in optimizing PLL.perfonnance in a par- so lock-in range of the PLL in order for phase lock to 
ticular application: . . · occur within one beat cycle. 

Various approaches generally claSSified as either mul- These and other problems experienced in the above-
tiple loop systems or multiple mode systems have been discussed Citta patent are eliminated in the present in-
proposed to improve perforrilanee -Of PLL systems. vention which is not only capable of being implemented 
Quadricorrelators, swept or dithered VCO systems and ss as an IC, but. also is capable of. improved signal pull-in 
frequency phase lock loops with frequency difference range and possesses an inrmite figure of merit. This is 
discriminators are some examples. These systems fre- accomplished by the total separation of acquisition and 
quently do not lend themselves to integration, are often phase lock functions in the frequency and phase lock 
burdened with transitory disc~;mtinuities when changing loop with separated AFC and phase· locking of the 
modes, and do not fully achieve the goal of independent 60 present invention. 
control over frequency acquisition and PLL perfor-
mance characteristics. . . 

A specific approach ·to improving 'FPLL perfor· .. 
. maitce is disclosed· in U.S. Pat. No. 4,072;909 to .Citta 
which discloses an automative phase and frequency 65 
control system. Briefly, this system includes two multi
pliers coupled to 'the input; or ·received' signal. and to 
quadrature phase shifting· meahs for ·phase shifting the 

· OBJECTS OF TilE INVENTION 

Accordingly, it is an object of the preSent invention· 
to provi~e an improved. system for acquiring and lock
ing on to a transmitted RF signal. 

Another object ofihe present invention is to provide 
an improved signal acquisition and lock-on system with 
enhanced signal pu11-in range. 
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Still another'. object of the present invention is to 

provide an improved frequency and phase lock ioop 
system for acquiring and locking on to a transmitted RF 
signal. 

Still another object· of the present invention is to 
provide an improved frequency and phase lock loop 
system in which AFC and· PLL functions are carried 
out completely .ndependently. 

A further object of the present invention is to provide 
an improved freque~cy. and phase lock loop system 
capable of being produced in a single integrated circuit 
(IC). ' . . . . 

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 ORA WINGS 

input terminal of voltage control oscillator 16 the out
put of which is a signal with· an·open loop output fre-
quency f0• · · · 

With the exception of filter 13 and limiter 14 the 
components of the preferred embodiment of the fre
_quency and phase lock loop sys~ witl) separated AFC 
and phase locking as shown in fiG. 1 do not require a 
detailed explanation. Details of ftlter 13 and limiter 14 
utilized in the preferred embodiment of this invention 

10 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 
present invention. The operation- of the frequency and 

15 phase control system 8 shown. in FIG. 1 is best under
stood if discussed in col\iunction with FIGS. 3A 
through 3G and FIGS. 4A through 4G. It is to be noted 
here that FIGS. 3A-3G and 4A-4G show the situation 

The appe!Jded cla,ims set fo~li those. novel features resulting in a maximum error signal for a 90' phase shift 
believed characteristic of the invention. However, the 20 occurring in filter 13. This is done simply for illustrative 
invention itself, a's well as further objects and ad van- purposes. Signal multipliers 10 and 11 in response to the 
tages thereof will best. be understood by reference to the input signal f1 and quadrature sample of the output of 
following detailed description of a preferred embodi- VCO 16 produce a pair of quadrature phase related 
ment taken in conjunction with the accompanying frequency difference signal together with sum signals 
drawings, where like reference characters identify like 2S which are removed by filters 13 and 15. While these 
elements throughout the various figures, in which: quadrature beat signals are obtained by inducing a phase 

FIG. 1 is a simplified block diagram of one embodi- shift in an oscillator output it should be obvious that any 
ment of a frequency and phase lock loop system with phase shift in either the oscillator or input signals may 
separated AFC and phase locking in accordance With be used to produce quadrature beat signals without 
the present invention; . 30 departing from the spirit of the present invention. The 

FIO. ·z is a simplified block diagram of another em- beat signal output of multiplier 10 is directly. coupled to 
bodiment of a frequency and phase lock loop systetl'l one input of multiplier 12 while the quadrature beat 

· with separated AFC and phase locking in accordance signal from multiplier 11 is converted by limiter circuit 
with the present invention; . . · 14 and low pass ftlter 13 to a constant amplitude signal. 

FIGS. 3A.:..3G and 4A-4G show wave forms of sig- 3S With low pass filter 13 possessing a predetermined 
nills at various points within the present invention as phase versus frequency characteristic;· the phase delay 
shown in FIG .. 1 for ft>fo and for ft<f0, respectively, which occurs within fllter 13 (and therefore the phase of 
where f; is the input signal frequency and fo is the open the output signal of limiter 14) is a function of the differ-
loop oscillator signal frequency; and ence frequency. . 

FIGS. SA-SH show the frequency spectrum of sig- 40 Multiplication of the "squared" output signal of lim-
nals at various poirits in the frequency and phase lock iter 14 and the heat signal output of multiplier 10 pro-
loop system with separated AFCand phase locking-in duces an error signal having a DC component which 
accordance with the present invention. varies with the beat signal of FIG. 3A .. This error signal 

is provided by multiplier U to low pass filter 18 which 
4S converts the fu11 wave rectified signal to a DC voltage DESCRIPTION OF THE PREFERRED 

EMBODIMENTS which is applied to one input of adder 19. Full wave 
· ·A frequency and phase lock loop system with· sepa-· ··rectification occurs only for. the case where a 90" phase 
rated AFC and phase locking in· accordance with the . shift occurs in LPF 13. To the other input of adder 19 is 

. present invention is shown in FIG. 1. An· input signal . provided the beat signal output of mUltiplier 10. Signal 
with a frequency f1 is coupled to a pair of multipliers 10 SO adder 19 has the effect of providing the DC level of the 
and 11. Input stage. 9 is comprised of any of the more AFC loop from multiplier 1l to the beat note frequency 
conventional components typically included in the · of phase ,lock loop multiplier 10. This permits the DC 

. front end of an RF receiver. For example, included in · level acquisition signal· to be -added to the beat note 
. input stage 9 would be an antenna, a received signal phase locking signal, to provicJe a correction signal to 
amplifier, a tuner; a mixer, and an IF· amplifier. The 5S VCO 16 having acql.Usition and phase locking charac-
output signal fo of a voltage control oscillator (VCO) 16 teristics which are completely independent. The output 
is coupled to the remaining input terminals of multipli- of adder 19 is coupled by ftlter 15 to VCO 16 to produce 
ers 10 and 11. A 90" phase shift network 17 is provided both, signal acquisition and phase lock of the input sig-
between oscillator 16 arid multiplier 11. The output of nal. Once the VCO. frequency f0 and the input signal 
multiplier 10 is coupled to one input of a multiplier U 60 frequency f1 are equal, the output of limiter 14 becomes 
while the output of multiplier 11 is coupled to a low a DC voltage while the output of phase detector multi-

. pass filter 13 which in tUrn is coupled to a symmetrical plier 10 maintains phase lock with its output signal 
limiter 14. The output of limiter 14 is coupled to the being a function -of th!l phase difference between the 
remaining input terminal' of multiplier 12. The output of .. input signal and the- vco·output signal . 

. multiplier 12 is coupled via a low pass filter .18 to a 65 A more detailed description of the operation of the 
Signal adder 'with the output of multiplier 10 provided present invention is provided by reference to the block 
to the other input terminal of adder 19. The output of diagram of FIG, 1 in-combination-with the signal wave-
adder 19 is coupled via a low pass filter 15 to the control forms shown in. FIGS. 3A~3G and.:FJQS. 4A.-4G. For 
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convenience the individual curves of the figures will be enced Citta .Patent in which the sinusoidal beat fre-
referred to by the figure number in conjunction with the quency is "chopped" by the action of the limiter output 
letter of the curve. In addition, the location of the signal signal on the beat signal output of the phase lock multi-
waveform of each of the curves is shown by a corre- plier. This signal "chopping" results in a loss of the 
spending letter in the block diagram of FIG. 1 of the fundamental beat frequency from the output of the 
frequency and phase Jock loop system with separated phase lock multiplier which limits the Citta system's 
AFC and phase locking of the present invention. FIGS. phase locking capability to the extent the residual fre· 
3A-3G depict the signals present within the circuit quericy error of the AFC has to be less than the lock-in 
during acquisition when the input signal, f;, is at a higher range of the PLL. By retaining the fundamental beat 
frequency than the output signal, f0 , ofVCO 16. FIGS. 10 frequency and superimposing it upon the DC signal 
4A--:40 depict the signals present within the circuit acquisition level, the present invention provides the 
during acquisition when the output·signal, f0 , of VCO phase lock loop with the capability to pull the signal in 
16 is at a higher frequency than the input signal, f;. As from its full frequency acquisition range. 
can be seen from a brief review of the respective figures, Thus, in. the present invention the fundamental beat 
this relative difference in frequency results in 180' phase IS frequency at multiplier 10 is passed to adder 19 and 
differences and change in sign between the waveforms transmitted to VCO 16 producing a sideband which is 
at various locations in the system for each of the enu- coherent with the input frequency f.,. This sideband 
merated conditions. Because the principles involved in output of VCO 16 is, in tum, provided to multiplier 10 
the basic operation of the system remain the same for which produces a DC component at the output of mul-
both frequency conditions, only FIGS. 3A-3G will be 20 tiplier 10 which results in the continuation of the fre· 
described in detail with that discussion equally applica- quency acquisition process until phase lock occurs. The 
ble to the opposite condition of f1<fo- PLL portion of the present invention assists frequency 

The beat signal outputs ofmultipliers 10 and 11 are acquisition by pulling the VCO during and/or after the 
shown in FIGS. 3A and 3B, respectively .. It should be AFC portion has pulled it to within its fmite residual 
noted that a quadrature relationship exists in which the 25 frequency error. The output of multiplier 12 is ftltered 
output of multiplier llleads that of multiplier 10 by 90'. by low pass filter 18 and provided to signal adder 19 
The signal shown in FIG. 3A is coupled directly to one where it is combined with the beat signal output of 
input of multiplier U and that shown in FIG. 3B is phase lock multiplier 10. The resultant waveform is 
applied to low pass filter 13. The output of iJ.lter 13, shown in FlO. 3G and it is this signal which is provided 
presented in FIG. 3C, sho:-vs a 90' lagging phase shift to 30 to low pass filter 15 in order to produce a DC voltage 
have occurred within the filter. Similarly, as can be seen and the fundamental of the low frequency beat signal 
in FlO. 4C, because r, is less· than f0 the phase of the suitable for application to the control circuitry within 
output signal of multipler 10 leads the phase of the VCO 16. · 
signal provided to filter 13 by frequency loop multiplier . FIGS. 4A-4G show a set of curves similar to those 
11. Limiter 14 converts the phase shifted sinusoidal beat 3~ shown in FIGS. 3A-3G but depicting system perfor-
signal of FIG. 3C to a substantially amplitude limited mance when the reference frequency is less than that of 
periodic signal having the same phase as the waveform VCO 16 under maximum error voltage conditions. As 
in FIG. 3C as depicted in FIG. 3D. expected, system operation remains essentially the 

Because f;> fo and there is a 90" phase shift la,g caused same. The primary difference is in the quadrature rela-
by low pass filter 13, the square wave of FIG. 3D is in 40 tionship between the outputs of multipliers 10 and 11 
phase with the beat signal output of phase lock multi- which is reversed to that shown in FIGS. 3A and 3B. 
plier 10 shown in FIG. 3A. This phase relationship is The waveforms presented in FIGS. 4A-4G indicate 
due to the phase shift produced by· the frequency- that whe.n the oscillator frequency is greater than that 

. dependent phase shift characteristics of low pass filter of the input signal, the beat signal produced by a pair of 
13. The conditions shown are of special interest because 4S quadmture multipliers is tso• out of phase with the beat 
they represent the maximum error voltage output of the signal produced when the frequency relationships are 
system. The frequency corresponding to this phase reversed. 
condition is determined by the phase shift characteris- Because low pass filter 13 responds only to the fre-
tics of filter 13 and is largely a matter of design choice. quency of the beat signal and does not respond to the 

The application of the square wave signal shown in SO relationship between beat signals, .low pass filter 13 
FlO. 3D and the sinusoidal beat signal of FlO. 3A to a,gain produces a lagging phase sbift of 90• yielding the 
the inputs .of multiplier 12 produces an output signal signal shown in FIG. 4C. FIG. 4D shows the constant 
which is essentially the full wave· rectification of the amplitude signal in phase with that of FIG. 4C pro-
beat signal in FIG. 3A. This waveform, which is shown duced by the action of liniiter 14. Due to the opposite 
in FIG. 3B, is then filtered by low pass ftlter 18 to pro- SS phase relationship between the beat signals of FIGS. 
vide the waveform shown in FIG. 3F which· is essen- 4A-4G and those of FIG. 3A-3G, the constant ampli-
tially a DC voltage. The DC voltage signal shown in tude signal (shown in FlO. 4D) is I so• out of phase with 
FIG. 3F is then applied to one input terminal of signal the beat signal of FIG. 4A and signal multiplication in 
adder 19 while to the other input terminal of adder 19 is multiplier 12 results in a similar, but reversed polarity, 
applied the phase lock loop beat signal output of multi- 60 .full wave rectified output signal (shown in FIG. 4E) 
plier 10. The resultant signal is shown in FIG. 3G in which when filtered by low pass filter 18 produces the 
which a sinusoidal variation bas beeri imposed on a DC negative voltage "maximum" shown in FIG. 4F. Again, 
level signal. The result is that a periodic signal superim- full wave rectification occurs here because of tbe 90' 
.posed ·upon a DC level is proVided to:VCO 16. This phase difference between the input and outputs of low 
control signal thus includes a large DC level for signal 65 pass ftlter 13. The output of LPF18 is then provided to 
acquisition and a sinusoidal beat signal variation neces- one input of signal adder 19 to which is also provided 
sary for signal phase lock. This input signal provided to the beat signal output of phase lock multiplier 10 shown 
VCO 16 is in contmst to the control signal of the refer- in FIG. 4A to produce the periodic signal superimposed 
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upon the voltage signal of FIG. 40. This negative volt- The present invention has thus far been described in 
age represents the opposite maximum acquisition volt- terms of using a ± 1 frequency loop, or baseband multi-
age of the system and possesses a large DC component plier, tz. The operation of this-type of signal multiplier 
for signal acquisition in combination with the funda- is unrestricted as to the sign of both of the input van-
mental beat frequency signal for· phase locking. abies. Thus, the waveforms ·of FIGS. 3A-3G and 

The frequency difference detection portion of the 4A-4G reflect the operating characteristics of a ± 1 
system, or the AFC system, is· made up o'r frequency baseband multiplier 12. The output of limiter 14 shown 
difference multiplier 11, low pass filter 13, limiter 14, in FIG. 3D therefore has both plus -and minus campo-
signal multiplier 12, low pass filter 18, signal adder 19, nents producing a full rectified waveform shown in 
low pass filter 15, VCO 16, and quadrature phase shift- 10 FIG. 3E as the output of multiplier 1l when combined 
ing circuit 17. The output of multiplier 12 is not dimin- with the beat signal·output of phase lock multiplier 10. 
ished as frequency lock is obtained but rather becomes FIGS. 4D and 4E similarily show the waveforms for a 
.a very low frequency signal having a near 0 DC aver- system incorporating a ± 1 frequency loop multiplier 12 
age. This facilitates the phase lock function of the pres- for the case of ft<fo .. By differentially weighting the 

.ent invention because the point to which the frequency 15 inputs to adder 19 two stable signalacquisition states are 
loop pulls. the signal to is now within the frequency possible. If the output of adder 19 depends equally upon 
acquisition range of the pha.Se lock loop due io the the phase loop signal and the frequency loop signal, 
presence of the fundamental beat frequency in the con- only one stable acquisition state is possible. In this man-
trot signal provided to vco 16. ·ner, the loop gains of the phase and frequency loop may 

In the phase lock mode of operation the output sig- 20 be independently varied. 
rials of multipliers 10 and 11 become DC voltages por- The dotted waveforms shown in FIGS. 3D and 3E, 
portional to the phase differences between their respec- and 4D and 4E show the signal format at corresponding 
tive input signals. Since the signals applied to multiplier points in the present invention when a a-:t baseband 

balanced (i;e. single-balanced) multiplier 12 is utilized in 
10 are substantially in quadrature; a near 0 DC output 25 th · ti · FIG 2 h · l'fi d bl k 
signal results while the in-phase inputs of multiplier 11 e present mven on. · 5 ows a s1mp 1 e oc 
(due to the action of phase shifter 17) cause a near maxi- diagram of the present invention when a 0-1 baseband 

· · · balanced multiplier 12 is used. Except for effecting 
mu~ P?sitive ?r negative output vol~g~. The outpu~ of AFC loop gain and there being only one stable state, the 
~u~ttpher 11 IS passed .b.Y low pass. fi ter 13 causmg . end result and system performance is unchanged 
~1m1ter 14 to app~y a posttiVe or negatiVe voltage to one 30 whether a ±I or 0-1 multiplier is employed. The type 
mpu~ o.f mul~1pher 12. T~e near 0 outpu~ voltage. of of frequency loop multiplier used effects the waveform 
muluph~r 10 IS co~ pled directly to ~ulttpher 12 whtch only at points D and E in the present invention and has 
couples 1t substantially unchanged. vta low pas~ ti!ter 18 no influence on the correction signal provided to VCO 
to signal adder 19. Th_us, th~ ~ct10ns of mult1pher 11, 16. The use of a 0-1 frequency loop multiplier thus 
low pass filter 13! and Signal hmtter 14 pro~u?e no effect 35 represents another embodiment of'the present inven-
upon. ~h.e error st~al!leveloped by multtp~ter 10 once tion. The 0-1 multiplier is balanced fdr the input from 
acqu~Sl~ton, as eVtden~ by _DC outp~t ~tgnals rrom limiter 14 but not. for the input from -phase detector 
multipliers 10 and 11, ts obtamed. Multtpher 10,. stgnal multiplier 10. As the fundamental of the beat frequency 
adder 19, low pass fil!~r 15, and VCO 16. comp.nse the is now in the feedback error·signal, the pull-in mecha-
phase lock loop portion of th~ present m.ven.tton and 40 nism of the APC loop aides thepull-in oftheAFC loop 
perform .sta~dard APC functmns to mamtaut phase and the system· exhibits an increased frequency pull-in 
synchroruzatlon. . . . . . range. . 

In the pr.esent mv~ntton the error stgn~ whtc~ re- Shown in FIGS. SA-SH is the frequency spectrum at 
fleets the dtfference m phase between the mput stgnal various points in the-preferred embodiment of the fre-
a~d the VCO 16 is provided by multiplier 10 dU:ectly to 45 quency and phase lock loop system with separated AFC 
s!gnal adde.r. ~9. The J?C?. voltage level requtred for and phase locking. The incoming frequency f1 is shown 
signal acquiSition from 1mt1al frequency errors greater in FIG. SA while the open loop VCO frequency f., is 
than the PLL pull·in range is provided to signal adder shown in FlO. SB. FIG. SC shows the fundamental beat 
19 via the AFC loop in which undesirable AC comp~ frequency tJ.f of f.,-f;. The open loop beat frequency 

· nents transmitted by frequency loop multiplier 11, LPF :.~0 spectrum at point D is shown in FIG. 50. This repre-
13 and limiter 14 in conjunction with multiplier 12 are · sents the output of ideal limiter 14 to baseband multi-
_extracted by low pass filter 18. This signal processing plier 12. Only odd harmonics of the beat frequency are 

. arrangement provides for the complete separation of present here. The open loop beat frequency spectrum at 
· frequency and phase locking functions with signal ac- pointE, or at the output.of baseband multiplier ll, is 
.quisition performance established primarily by low pass SS shown in FIG, .SE. This represents the.freque·ncy spec-
filter 13 and phase lock loop characteristics established trum of the fundamental beat frequency multiplied by 
by low pass filter 15. The AC beat note is thus passed · the output oflimiter 14. The fundamental of the original 

· through adder 19 and low pass filter 15 directly to VCO beat frequency is absent here. The open loop beat fre-
18. In addition, in the present system phase detector quency at .point F, following passage .of the signal 
multiplier 10 performs a multiple function in providing 60 through low pass filter 18, is shown in FIG. SF and 
·an output signal which represents the phase difference consists essentially. of a DC signal provided to signal 
between the input and VCO signals after phase locking adder 19. This DC signal represents .the frequency ac-
occ\lrs, while providing :the beat note signal during . quisition component of the correction signal provided 
signal acquisition to frequency multiplier 12 to generate to VCO 16. Adder 19 cembines the output of phase 
the DC level which. represents the frequency difference 65 detector multiplier 10 and low pass filter 18 to produce 
between the input and VCO signals as ~ell as providing the frequency spectrum shown in FIG. 50. It can be 
the fundamental of the beat note to adder 19 to further .seen-that the spectrumincludes:not only the fundamen-
aid in the frequency acquisition process. . 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 f1 at 
both of its inputs. The generation of this DC signal is 
due to the presence of the fundamental beat frequency 
6-f 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 10 
FIG. SF. It can be seen that the fundamental beat fre
quency C.fis 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 C.f component and a DC correction 15 
signal for VCO 16. Consequently, the spectrum in the 
Citta system 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 20 
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. 25 

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 30 
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 wiU be obvious to those 
skilled in the art that changes and modifications may be 35 
made without departing from the invention in its 
broader aspects and, therefore, the aim in the appended 
claims is to coverall such changes and modifications as 
fall within the true spiiit and scope of the invention. 

40 

45 

so 

ss 

60 

65 

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 
substantiaiiy 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 volt
age controlled oscillator, said composite correction 
signal including the fundamental beat note fre
quency of said input signal and said locally gener
ated signal. . "' . ... . 
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[57] ABSTRACT 

A clock signal generator using fractional 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 subtracter 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 
subtracter 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 
FRACl'IONAL FREQUENCY DMSION 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. 

cellular radiocommunications system. In this system, a 
mobile tenninal 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 tenninal further includes an internal clock 
signal generator producing a 13 MHz steady rhythm 
signal, and produces a SO Hz synchronization signal 
onto which the coding and decoding units require to be 
synchronized. The invention hence makes it possible, 

10 starting from this steady rhythm signal, to produce 
clock signals that are synchronized onto this synchroni· 
zation signal. 

The majority of electronic circuits are now dCJSigned 
to operate using a determined frequency clock signal 
produced by an oscillator. When a piece of equipment 
includes circuits that are designed to operate on differ- SUMMARY OF THE INVENTION 
ent clock signals, a first solution consists in using a 15 The invention provides a clock signal generator using 
specific oscillator circuit for each clock signal. This fractional frequency division comprising a division cir· 
solution is clea~ly not an economical way of solving the cuit that produces a clock signal starting from a timing 
problem. Use ts often made, when the frequency of a rhythm signal the frequencies of the two said signals 
flfst clock signal is not a multiple of the frequency of a being in a divi~ion ratio which is the sum of a whole part 
second one, of a clock signal generator employing frac· 20 and a fractional pan, the generator including a pulse 
tiona! division of its frequency. Such a clock signal subtracter receiving said rhythm signal and transmitting 
generator, when it is fully implemented in digital tech-
nology produces a signal the average frequency of h to said division circuit while deleting at least one pulse 
which over one full period is the frequency of the signal from said signal upon a command, and accumulator 
it is receiving divided by a division ratio. 25 means for commanding said pulse subtracter on each 

The use is known of a programmable counter receiv· occasion when the product of the number of pulses of 
ing a signal at a steady rhythm and adapted to periodi- the clock signal counted starting from a time of origin 
cally output, depending on the period of recurrency, a and of said fractional part changes by unity. 
successive first and second series of pulses the frequen- The phase shift between the clock signal generator 
cies of repetition of which are submultiples of the fre· 30 signal and the steady rhythm signal is thus minimized. 
quency of the steady rhythm signal. Such a device, Moreover, in the clock signal generator using fractional 
apart from the programmable . counter, requires two division of frequency, with the division ratio taking the 
additional counters in order to determine the number of form of the sum of the product of a first division factor 
pulses in each series, together with control means. It and of the fractional part and of the product of a second 
hence occupies, where it is implemented in integrated 35 division factor and the ones-complement of said (rae-
form, a fairly large substrate surface area which is an tiona! pan, the accumulator means include an accumu· 
obstacle to the miniaturization of the equipment in lation register producing a first operand which adopts 
which it is incorporated. the value of an addition signal in response to said clock 

European Patent 0 019 412 disclosed the use of a signal, and an addition circuit producing said addition 
counter that is preceded by a pulse absorber or sub· 40 signal as the sum modulo the denominator of said frac-
tractor for fulfilling the function of a programmable tiona! part of said first operand and of a second operand 
counter. The pulse subtracter in effect eliminates pulses comprising at least the numerator of said fractional part 
from the rhythm signal when commanded so to do thus and producing a carry-over signal, the pulse subtracter 
modifying the frequency of the output signal from the being adapted to absorb a numbe.r of pulses equal to the 
counter. 45 difference between said two division factors in response 

Nevertheless, the phase shift between the output to this carry-over signal. 
signal and a signal the frequency of which is exactly at Moreover, with the clock signal generator adapted to 
the division ratio of the rhythm signal frequency is be controlled by a synchronization signal, it includes a 
highly variable and can have an appreciable amplitude. closed loop feedback control module receiving said 

A first object of the present invention is to provide a SO synchronization signal and said clock signal and pro· 
clock signal generator using fractional division of fre-
quency of reduced size made possible by the use of ducing a correction signal, the abovesaid second oper· 
individual circuits that are more simple and the output and being the sum of said numerator and said correction 
signal of which only suffers from limited phase shifting signal. 
relative to the desired frequency. This phase shift, in a '5 Thus, with the frequency of the clock signal being a 
preferred embodiment, is less than one period of the multiple of the frequency of the synchronization signal, 
steady rhythm signal. the control module includes means for producing a 

In certain fields of application, particularly in tele· counting value corresponding to the number of pulses 
communications systems receiving equipment, it is nee· of said clock signal that have appeared during a fixed 
essary to set the output signal from the clock signal 60 duration measurement period, means for producing a 
generator under the control of a synchronization signal. correction value that is proportional to the difference of 

The present invention hence also has the object of a second and 11 first counting value and inversely pro-
providing control means that are specially suitable for portional to the duration separating the mid-point of the 
this type of clock signal generator using fractional divi· second and the first corresponding measuring periods, 
sion of frequency. 65 said correction signal which usually is zero, being as-

Although one should not attempt to see a limitation signed said correction value during a correction period 
of the invention in this, the provisions of the invention that is expressed as a number of periods of the clock 
can advantageously be used in the Pan-European digital signal. 
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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 
examples with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE ORA WINGS 

In the drawings: 

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· 
eludes 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 

FIG. 1 is a block diagram of a clock signal generator 
using fractional division of frequency according to the 

10 invention. 
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 15 
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 
deviation signaL 

Advantaseously in the clock signal generator using 20 

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 
25 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. 30 

Moreover in the clock signal generator using frac· 
tiona! division of frequency, the compensation circuit 
includes a saturation adder limiting said correction 
value to a determined maximum value. 

In one particular embodiment, the generator includes 35 
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 40 
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
gering circuit the output of which adopts the value of 4S 
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 so 
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· 
pensatins circuit. Advan~geously, the clock signa! ss 
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 60 
response to the initialization signal. 

In one: particular case of the clock signal generator 
using fractional division of frequency, the whole num· 
ber part of the division ratio is zero. 

It is also possible to make provision so that the differ- 6S 
ence in the two division factors is equal to unity, the 
pulse subtracter deleting one single pulse upon com
mand. 

FIG. l 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 
fU'St 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=A.F+.B. (1-F) 

The various numbers can moreover be chosen so that 
the difference between the two division factors is equal 
to unity: 

Moreover, the fractional part can be represented in 
the form of a fraction comprising a numerator N and a 
denominator 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 = 6.3476S62S 

Q 6 + 89/256 

= 6 {2562; 89! + 7 • -wt-
By using the notation discussed above: 

A= 7 .8=6 

N= 89 D 256 

89 
F=-m;-

The clock signal generator using fractional division 
of frequency according to the invention and illustrated 
in FIG. 1 comprises a pulse absorber or subtracter 1 
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which receives the rhythm signal R and the output of operation which is within the abilities of those skilled in 
which is connected to the input of a division circuit l the art, will not be described in more detail. 
which produces the clock signal Ck. It also includes According to one further feature of the invention, the 
accumulation means 3 which receive this clock signal clock signal generator using fractional divisional fre· 
and control the pulse subtracter by means of a carry- s quency is designed to be kept under the control of a 
over signal C, these means being provided for limiting synchronization signal via a control module, the fre· 
the phase shift in the clock signal as will become more quency of this synchronization signal being a sub-multi· 
clear below. pie of the frequency of the clock signal. 

The pulse subtracter 1 transmits the steady rhythm This control module is adapted to register the number 
signal R directly to its output except when it receives to of pulses in the clock signal Ck during a fixed value 
the carry-over signal C. In this latter case, it deletes one measurement period. It produces a fust counting value 
pulse from the steady rhYthm signal. The division cir- during a first measurement period, and then a second 
cuit 2 produces the clock signal Ck the frequency of counting value during a second measurement period. It 
which is a sub-multiple of the frequency of the signal then calculates a correction value that is proportional to 
that is applied to its input. This sub-multiple is equal to IS the difference between these two counting values and 
the second division factor B which in the present case is inversely proportional to the duration of the time that 
6. This circuit can be a counter for example, and when separates the mid-points of the two corresponding mea-
it is dividing by an even number this can advanta- surement periods. It fmally produces·& correction signal 
geously be a ring counter also known as a Johnson ·which adopts this correction value during a correction 
counter. A counter of this type takes the form of a series 20 period and which for the rest of the time is zero. This 
of a flip-flops the first of which receives the output correction signal is added to the numerator N of the 
signal from the last which is the clock signal Ck. The fractional part F in order to form the second operand 
sub-multiple is here twice the number of flip-flops. Ol of addition circuit 31. 

Accumulation means 3 are provided for triggering This control module 4 appears in an embodiment that 
the pulse subtracter 1 each time that the product of the 2S is provided solely for indicative purposes in FIG. 2. It 
fractional part F and of a number of clock signal pulses includes several units which will now be described in 
counted starting from an origin point in time changes by detail. 
unity, in other words when the whole number part A counter 40 receives the clock signal Ck and pro-
increases by a unity value. The point in time of the duces a phase signal P which corresponds to the num-
origin is arbitrarily fixed and only constitutes a time 30 ber of pulses that have appeared since it was reset. The 
reference. h can for example be the time when the clock capacity of this counter is a sub-multiple of the fre· 
signal generator was first started. quency ratio between clock signal Ck and synchronize-

These accumulation means 3, in one particular em- tion signal T. A trigger circuit 41 produces a trigger 
bodiment which should not be considered as limiting signal D that adopts the value that synchronization 
the invention, comprise an addition circuit 31 and an 3S signal Thad at the time the second pulse of clock signal 
accumulation register 32. Ck appeared. This can for example be a flip-flop of the 

The accumulation register 32 produces a fust oper· type known as a D-type flip-flop. 
and 01 which has the value that the addition signal S A synchronization register 42 produces a measure-
bad when the most recent pulse in clock signal Ck oc- mem signal Pe the value of which is the value that phase 
curred. M> signal P had at the moment the last pulse of trigger 

Addition circuit 31 produces this addition signal S as signal D appeared. 
the sum of the first operand and of a second operand 02 A control circuit 43 produces a periodic command 
modulo the denominator D of the fractional part F. The signal L the value of which is equal to the measurement 
second operand, in this first part of the invention, period. Advantageously, this measurement period is a 
adopts the value of the numerator N of this fractional 4S multiple of the synchronization signal period. 
part F. This circuit is moreover designed to supply the A summing circuit 44 supplies· the second counting 
carry-over signal C for the pulse subtracter 1, when this value Pz which is the sum of the values adopted by 
sum is greater than the denominator. measurement signal Pe at the time of each pulse of 

Thus, every time that the product of the numerator synchronization signal T. This circuit is reset by com-
and of the number of pulses in the clock signal becomes so mand signal L. It can now be seen more clearly why the 
greater than a multiple of the denominator, and below output signal from this circuit is the second counting 
which value it previously was, one clock signal pulse is value. 
deleted which comes down to carrying out division by A time delay register 45 produces the first counting 
the first division factor A. value Pt as the second counting value delayed by one 

In the numerical example being considered, the de· ss measurement period, in other words one period of com· 
nominator is equal 256. The addition drcuit can hence mand signal L. This hence justifies its name since at any 
consist of a single adder supplying an output signal on 8 given instant, the output signal from this register has the 
bits and a carry-over signal. value that the output signal from summing circuit 44 

The invention applies if the division ratio is reduced had during the preceding measurement period. 
to the fractional part, in other words if the first and 60 A subtracting ciicuit 46 produces a phase deviation 
second division factor, A and B respectively, are re- or shift signal E as the difference between the two 
spectively 1 and 0. In this case, the division circuit :Z is counting values: Pz-PJ. 
reduced to a simple link, the clock signal Ck being the A correction module 47 produces an output signal the 
output signal from the pulse subtract or 1. value of which is equal to the value of phase deviation 

The invention also applies if the division factors differ 6S signal E divided by the ratio between the measurement 
by more than unity. Here, it is sufficient to adapt the period and the period of synchronization signal T, mul· 
pulse subtracter 1 to delete a number of pulses that is tiplied by a constant which is often referred to as the 
equal to the differenc~ between these two factors. This stiffness coefficient of closed-loop control. 
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A compensation circuit 48 produces a correction 

yalue 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 ~urn is higher. 
This circuit is also designed to be initialized by an ini
tializing signal I. 10 

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+91/2S6, while over the other 1S9 periods, it is 
equal to Qo=6+89/256. The frequency deviation is 
hence equal to: 

~"' 7.68. J0-6 

The second operand 02 which is the sum of the cor· 
rection value and of the numerator will hence be a 

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 
addins circuit not shown in the figure, to the numerator 
N of the fractional part F in order to provide the second 
operand 02. 

I~ 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 
)cut significant bits of this operand, iis 3 most signifi-

Finally, as an accessory provision, counter 40 is 20 
adapted to be initialized to a starting value Irby means 
of an initializing circuit 50 commanded by initializing 
signal I upon the appearance of synchronization signal 
T. 

In one embodiment of the clock signal generator, the 2S 
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 

cant bits being invariable. In effect, the 5 decimal values 
that this operator can adopt arc expressed as follows in 
binary notation: 

87 .. 101 0111 

88 "' 101 1000 

89"" 101 1001 

90 = 101 1010 

91 .. 101 1011 

of synchronization signal T. 30 Moreover, it will be noted that the carry-over signal 
This variant can be advantageously applied in the C from addition circuit 31 is periodic. Its period corre-

case of the mobile terminal referred to previously. In sponds to 256 pulses of clock signal Ck. The result is 
fact, certain components designed for speech process- that the auxiliary clock signal which has the same per-
ing operate with a 2.048 MHz signal and a 8kHz signal iod presents the special feature that all of its pulses have 
which is the speech sampling frequency. Moreover, the 3S the same phase shift or deviation since they are sepa· 
signals need to be slaved to the SO Hz synchronizing rated by the same number of periods of the regular 
signal produced by the terminal and which corresponds rhythm signal R. Thus, when the auxiliary clock signal 
to the communication frame rate. is employed as a sampling signal, it does not introduce 

In this case, the capacity of counter 40 will be chosen spurious modulation into the signal being sampled. 
to be equal to 2S6, the most significant bits correspond- 40 A further advantage of the invention resides in the 
ing to auxiliary clock signal H at a frequency of 8 kHz. fact that the distribution in time between divisions by 

It will be noted that the counting values Pt. P2 in this the first factor A and the second factor B is as unifonn 
case are not equal to the number of pulses in clock as possible. In the numerical example selected (A=7, 
signal Ck produced during the corresponding measure- 8=6), the maximum phase deviation, also called phase 
ment period, because counter 40 will have gone 4' jitter, between clock signal Ck and the regular rhythm 
throush several cycles (160 in this case) during a syn· signal is equal to one period of this rhythm signal, in 
chronization signal period. These counting values cor- other words 76.9 ns. 
respond, however, to the numbers of .pulses since they The embodiment of a closed-loop control module 
are congruous therewith (modulo 256 in this case). that has just been described has a very comprehensive 
Given the low frequency deviation that exists between SO structure which provides the required performance. 
the clock signal when it is being slaved and when it is The invention also applies if certain components are 
not, the counter capacity is sufficient. If this were not deleted. 
the case, it would always be possible to increase the In effect, trigger circuit 41 is not strictly necessary, its 
capacity of this counter in order to widen the possible role being limited to synchronizing synchronization 
range of correction, its capacity being limited to the ss register 42 onto clock signal Ck. It can be eliminated by 
ratio between the frequencies of the clock signal gencr· directly controlling this register with synchronization 
ator signals and of the synchronization signal. signal T in the place of trigger signal D. 

One advantageous solution consists in designing lim- It is also not indispensable to take counting values Pt. 
iting circuit 49 in such a way that the correction period Pz over several periods of synchronization signal T, . 
is the period of auxiliary clock signal H. The correction 60 although this does increase the accuracy of closed-loop 
signal is assigned the correction value during this period control. In this case, the control circuit 43 has no more 
and is zero over the remainder of the period of synchro· purpose and nor has summing circuit 44. The second 
nization signal T. This operation is periodic~lly rc- counting value P2 is equal to the measurement signal Pt 
peated at the synchronization signal rate, for example. which is directly applied to the input of time delay 

In this case, if closed loop control requires to make it 6S register 45 instead of the output signal from summing 
possible to obtain a relative frequency deviation be- circuit 44. This synchronization register is commanded 
tween the auxiliary clock signal and the synchroniza. by synchronization signal T instead of command signal 
tion signal that is less than 5 parts per million, the cor- L. and this also applies to compensating circuit 48. 
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10 
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· 5 

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- 10 

· ing a ·pulse subtracter 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 subtracter IS 
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. 20 

l. The clock signal generator using fractional fre
quency division according to claim 1, wherein with said 
division ratio forms a sum of a ftrst 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- 2~ 
complement of said fractional part, said accumulator 
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· 30 
nominator of said fractional pan of said first operand 
and ofa second operand comprising at least a numerator 
of said fractional part and producing a carry-out signal, 
said pulse subtracter being adapted to absorb a number 
of pulses equal to a difference between said two division 3S 
factors in response to this carry-over signal. 

3. The clock signal generator using fractional fre· 
quency division according to claim l, wherein with said 
clock signal generator adapted to be controlled by a 
synchronization signal, it includes a closed loop feed· 40 
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· 45 
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· SO 
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- ss 
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 60 
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. 

S. The clock signal generator using fractional fre- 65 
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 

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 
f1tst 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 ftrSt 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 divi.sion according to claim 5, 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 5, further including 
a 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 5, 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 5, 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 original· 
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 said compensating circuit. 

12. The clock signal generator using fractional fre· 
quency division according to claim 5, 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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quency division according to claim 2, wherein the dif
ference in the two division factors is equal to unity, said 
pulse subtracter deleting one single pulse upon com
mand. 

• • • • • 

05/23/2004, EAST Version: 1.4.1 

Fraunhofer Ex 2018-170 
Sirius XM v Fraunhofer, IPR2018-00681



U -· • 0 NITED STATES PAtENT AND TRADEMARK FFICE 

APPLICATION NO. FILING DATE 

09/673,270 11/29/2000 

7590 06/2312004 

John E Holmes 
Roylance Abrams Berdo & Goodman 
Suite 600 
1300 19th Street NW 
Washington, DC 20036 

FIRST NAMED INVENTOR 

Ernst Eberlein 

• • •· ·uNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office · 
AddreSs: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

I A rroRNEY oocKEnio. I coNFIRMA noN NO. 

41001 3590 

ART UNIT PAPER NUMBER 

2634 I~ 
DATE MAILED: 06123/2004 

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

PTO 90C (Rev 10/03) 

Fraunhofer Ex 2018-171 
Sirius XM v Fraunhofer, IPR2018-00681

UNITEDSTATES PATENT AND TRADEMARK OFFICE -

an “UNITED STATES DEPARTMENT OF GoMMERCE
United States|Patent and Trademark Offi; COMMISSIONER FOR PATENTS

  
 

. Box

Alexandria, virginia 22313-1450Www.USplo.go

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO.|CONFIRMATION NO.

09/673,270 11/29/2000 EmstEberlein 41001 3590

7590 06/23/2004 EXAMINER:

John E Holmes WARE,CICELY:Q
Roylance Abrams Berdo & Goodman
Suite 600

1300 19th Street NW 2634 | 2,
Washington, DC 20036 DATE MAILED:06/23/2004

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

Fraunhofer Ex 2018-171

PTO 90C (Rev 10/03) Sirius XM v Fraunhofer, IPR2018-0068 1



on No. 

09/673,270 EBERLEIN ET AL. 

Office Action Summary Examiner 

Cicely Ware 2634 

TE of this appears on the cover with the correspondence 
Period for Reply 

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

Extensions <!f 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. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )1:81 Responsive to communication(s) filed on 23 February 2004. 

2a)0 This action is FINAL. 2b)i:8] This action is non-final. 

3)0 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)1:81 Claim(s) 19-34 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) is/are allowed. 

6)1:8] Claim(s) 19-34 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)1:81 The drawing(s) filed on __ is/are: a)O accepted or b)i:8l 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 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. §§ 119 and 120 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 
2.0 Certified copies of the priority documents have been received in Application No. __ . 
3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 

13)0 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 or in an Application Data Sheet. 
37 CFR 1.78. 
a) 0 The translation of the foreign language provisional application has been received. 

14)0 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) 1:8] Notice of References Cited (PT0-892) 4) 0 Interview Summary (PT0-413) Paper No(s}. __ . 

2) 1:8] Notice of Draftsperson's Patent Drawing Review (PT0-948) 5) 0 Notice of Informal Patent Application (PT0-152) 

3) 0 Information Disclosure Statement(s) (PT0-1449) Paper No(s) __ . 6) 0 Other: 

PTOL-326 (Rev. 11-03) Office Action Summary Part of Paper No. 2 Fraunhofer Ex 2018-172 
Sirius XM v Fraunhofer, IPR2018-00681

 

Application No. Applicant(s)

09/673,270 EBERLEIN ET AL.

Office Action Summary Examiner Art 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 REPLYIS 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) MONTHSfrom the mailing date of this communication.
- If the period for reply specified aboveis less than thirty (30) days, a reply within the statutory minimum ofthirty (30) days will be considered timely.
- IfNO period for reply is specified above, the maximumstatutory period will apply and will expire SIX (6) MONTHSfrom 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).
- Anyreply received bythe Office later than three months after the mailing date of this communication, evenif timely filed, may reduce any

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

 

Status

1) Responsive to communication(s) filed on 23 February 2004.

2a)L] This action is FINAL. 2b)J This action is non-final.

3)C] Sincethis application is in condition for allowance except for formal matters, prosecution as to the meritsis
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)L] Claim(s)__ is/are allowed.
6)X] Claim(s) 19-34 is/are rejected.
7)L1 Claim(s)___ is/are objectedto.
8)L] Claim(s) are subject to restriction and/or election requirement.

Application Papers

 

 

 

9)(_] Thespecification is objected to by the Examiner.
10) The drawing(s)filed on is/are: a)_] 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 397 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)[_] Acknowledgmentis madeof a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a) All b)L) Some* c)L) Noneof:

1.0] Certified copies of the priority documents have beenreceived.
2.L] Certified copies of the priority documents have been received in Application No.
3.1) Copiesof the certified copies of the priority documents have beenreceivedin 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.

3)] Acknowledgmentis madeof a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application)
since a specific reference was includedin thefirst sentence of the specification or in an Application Data Sheet.
37 CFR 1.78.

a) [] Thetranslation of the foreign language provisional application has been received.
14)L] Acknowledgmentis madeof a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121 since a specific

reference was includedin thefirst sentence of the specification or in an Application Data Sheet. 37 CFR 1.78.

 

 

 

 

Attachment(s) .

1) Notice of References Cited (PTO-892) 4) C] Interview Summary (PTO-413) Paper No(s).
2) Xl Notice of Draftsperson’s Patent Drawing Review (PTO-948) 5) C] Notice of Informal Patent Application (PTO-152)
3) C) Information Disclosure Statemeni(s) (PTO-1449) Paper No(s) 6) C] Other:

U.S. Patent and Trademark Office

PTOL-326 (Rev. 11-03) Office Action Summary Fraunhofer Ex 2018-J-/2¢ paper No. 2
Sirius XM v Fraunhofer, IPR2018-0068 1



• 
·Application/Control Number: 09/673,270 

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. 

Page 2 

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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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. 1 02(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. 
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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. 2, lines 36-43, col. 3, lines 4 7-49, 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. 16,1ines 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). 
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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. 

(1 0) 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. 

(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 
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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 (1 06, 1 08)) performing a feedback correction of said 

frequency deviation further comprises a low path filter preceding said numerical 

controlled oscillator. 
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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 

~Diilf1N CHIN 
SUPERVISORY PATENT EXAMINE 

TECHNOLOGY CENTER 2600 
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PATENT 
41001 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Ernst Eberlein et al. 

Serial No.: 09/673,270 

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 

Sir: 

J 

AMENDMENT 

: Group Art Unit: 2634 

: Examiner: C. Ware 

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. 

fl 
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Appl. No. 09/673,270 
Arndt. dated sq)tember 23,2004 
Reply to Office Action of June 23, 2004 

AMENDMENTS TO THE CLAIMS: 

19. (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 earner frequency deviation 

based on said determined frequency offset. 

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 respective phase of the same carrier in different symbols; 

-2-
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Arndt. dated September 23, 2004 
Reply to Office Action of June 23, 2004 

b) eliminating phase shift uncertainties related to the transmitted 

info~ation 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. 

21. (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 c). . 

22. (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. 

-3-
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23. (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. 

24. (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. 

25. (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. 

26. (Previously Presented) The method according to claim 20, wherein said step 

b) comprises the step of eliminating M-ary phase shifts. 

27. · (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 ]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 

-4-
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Reply to Office Action of June 23, 2004 

means for performing a feedback correction of said frequency deviation based 

on said determined frequency offset. 

28. (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 ]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: 

29. 

means for determining respective phases of the same earner m 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) 

comprising: 

The apparatus according to claim 2 7, further 

means for determining an averaged frequency offset by averaging determined 

frequency offsets of a plurality of carriers, wherein 

-5-
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30. 

said means for performing a feedback correction performs said feedback 

correction of said frequency deviation based on said averaged frequency offset. 

(Previously Presented) 

comprising: 

The apparatus according to claim 28, further 

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. 

31. (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. 

32. (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. 

33. (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. 

34. (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. 

-6-
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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 (!PER), 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 ofU.S. Patent No. 6,219,333, to 

Ahnet al (hereinafter referred as the Ahnet 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 ax1s. 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 the 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. 

Roylance, Abrams, Berdo & Goodman, L.L.P. 
1300 19th Street, N.W., Suite 600 
Washington, D.C. 20036 
(202) 659-9076 

Dated: Z.. ?>..k pL VA b~ , 2004 
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3 

7 5222 and ((frequency adj2 (offset 
or deviation)) adj2 (correct$3 or 
compensat$3 or mitigat$3)) 
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U5-PGPUB; OR 
U5PAT; 
EPO; JPO; 
DERWENT 

OFF 2005/01/04 09:25 

. l.JsUF>ciJ>us·l'oR~~~~~~~~~ I mE ~~2octs/Cil/O~ o9~261 ......................... f . . 

USPAfi 
~pQ; JRQ; 

. DERWENT 

U5-PGPUB; OR 
U5PAT; 
EPO; JPO; 
DERWENT 

OFF 2005/01/04 09:34 

• ~~~~M~;~~~···~•rt~ll•••····~c,FF········~2(Jos,,ol,,~w~4~~ EPO;JPO; 
r:>~B.W~Nt 
U5-PGPUB; OR 
U5PAT; 
EPO; JPO; 
DERWENT 

OFF 2005/01/04 09:43 
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((cancel$4 or suppress$3 or US-PGPUB; 2004/05/25 11:25
mitigat$3 or eliminat$3) adj2 USPAT; .
(electromagnetic adj (interference|EPO; JPO;
or wave$1)) same(circuit or DERWENT
(printed adj board))) and ((inverse
adj2 phase) near antenna)

"375"/.ccls. and (((inverse adj2 2004/05/25 13:31
phase) and antenna).and ((printed|USPAT;
or circuit) adj board)) and EPO; JPO;
@ad<"19991130" DERWENT

(ebehlim-ernst.in.) and (fine adj ; 2005/01/04 09:25
frequency adj synchroniz$5)

(gerhaeuser-heing.in.) and (fine US-PGPUB;
adj frequency adj synchroniz$5) USPAT;

EPO; JPO;
DERWENT

((fraunhofer adj2 gesellschaft adj 2005/01/04 09:34
zur adj foerderung adj der adj USPAT;
angewandten.as.) and ((multi adj2|EPO; JPO;
carrier transmission) or ofdm)) DERWENT
and(fine adj frequency adj

synchroniz$5)

$222 and ((frequency adj2 (offset ; 2005/01/04 09:43
or deviation)) adj2 (correct$3 or ;
compensat$3 or mitigat$3))

 
DERWENT
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522 
4 

522 
6 

522 
8 

523 
0 

523 
2 

7 5223 and ad@<"19980414" 

7 5225 and ((frequency adj2 (offset 
or deviation)) adj2 (correct$3 or 
compensat$3 or mitigat$3)) 

0 5226 and @ad<"19980414" 

22 5229 and (fine adj2 synchroniz$5) 

U5-PGPUB; OR 
U5PAT; 
EPO; JPO; 
DERWENT 

U5-PGPUB; OR 
U5PAT; 
EPO; JPO; 
DERWENT 

U5-PGPUB; OR 
U5PAT; 
EPO; JPO; 
DERWENT 

U5-PGPUB; OR 
U5PAT; 
EPO; JPO; 
DERWENT 

523 
4 

22 5233 and (fine adj2 synchroniz$5) U5-PGPUB; OR 
U5PAT; 
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EPO; JPO; 
DERWENT 

OFF 2005/01/04 10:07 

OFF 2005/01/04 10:08 

OFF 2005/01/04 10:08 

OFF 2005/01/04 10:09 

OFF 2005/01/04 12:42 
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 $22 7|$223 and ad@<"19980414" US-PGPUB;
USPAT;
EPO; JPO;
DERWENT

2005/01/04 10:07  
  

 
  
  

 

 

 

 
  
 

  $225 and ((frequency adj2 (offset
or deviation)) adj2 (correct$3 or
compensat$3 or mitigat$3))

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT

2005/01/04 10:08

 2005/01/04 10:08

DERWENT 

  
   

 US-PGPUB;
USPAT;
EPO; JPO;
DERWENT

 

 

 

 

$229 and (fine adj2 synchroniz$5) 2005/01/04 10:09

 $231 and phase 2005/01/04 10:11 

 

 
 

 
DERWENT

US-PGPUB; 2005/01/04 12:42
USPAT;
EPO;JPO;
DERWENT
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523 
6 

0 5233 and (differential adj2 phase U5-PGPUB; OR 
adj2 decod$3) U5PAT; 

523 
8 

524 
0 

524 
2 

524 
4 

524 
6 

1 5237 and phase 

0 5238 and (feedback ) 

0 5233 and (differential adj2 phase 
adj2 decod$3) 

2 5243 and @ad<"19980414" 

0 5245 and (feedback and (m adj2 
psk)) 
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EPO; JPO; 
DERWENT 

U5-PGPUB; OR 
U5PAT; 
EPO; JPO; 
DERWENT 

U5-PGPUB; OR 
U5PAT; 
EPO; JPO; 
DERWENT 

U5-PGPUB; OR 
U5PAT; 
EPO; JPO; 
DERWENT 

U5-PGPUB; OR 
U5PAT; 
EPO; JPO; 
DERWENT 

U5-PGPUB; OR 
U5PAT; 
EPO; JPO; 
DERWENT 

OFF 2005/01/04 11:41 

OFF 2005/01/04 11:51 

OFF 2005/01/04 12:31 

OFF 2005/01/04 12:46 

OFF 2005/01/04 12:32 

OFF 2005/01/04 12:35 
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$233 and (differential adj2 phase
adj2 decod$3)

$237 and phase

$238 and (feedback )

$233 and (differential adj2 phase
adj2 decod$3)

$243 and @ad<"19980414"

$245 and (feedback and (m adj2
psk))
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US-PGPUB;
USPAT;
EPO; JPO;
DERWENT

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT

US-PGPUB

USPAT;
EPO; JPO;
DERWENT

2005/01/04 11:41

| 2005/01/04 11:51

2005/01/0412:31

2005/01/04 12:46

2005/01/04 12:32

2005/01/04 12:35
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524 
8 

525 
0 

525 
2 

525 
4 

525 
8 

1 (differential adj2 phase adj2 
decod$3) and feedback and (m 
adj2 psk) 

0 5233 and ((differential adj2 phase 
adj2 decod$3) and feedback and 
(m adj2 psk)) 

7 5233 and ((phase adj2 (offset or 
difference or deviation)) and 
feedback and (m adj2 psk)) 

0 5253 and (fine adj2 synchroniz$5) 

17 5257 and (fine and course) 
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OR 

OR 

U5-PGPUB; OR 
U5PAT; 
EPO; JPO; 
DERWENT 

OR 

OFF 2005/01/04 12:38 

OFF 2005/01/04 12:41 

OFF 2005/01/04 12:41 

OFF 2005/01/05 07:26 

OFF 2005/01/05 07:30 

Fraunhofer Ex 2018-209 
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(differential adj2 phase adj2 2005/01/04 12:38
decod$3) and feedback and (m
adj2 psk)

 

 
 

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT

 $233 and ((differential adj2 phase 2005/01/04 12:41
adj2 decod$3) and feedback and
(m adj2 psk))

  

  

 

 
 
  

DERWENT

$233 and ((phase adj2 (offset or
difference or deviation)) and
feedback and (m adj2 psk))

 
  

  

 

  
EPO; JPO;
DERWENT

 
 

$253 and (fine adj2 synchroniz$5) 2005/01/05 07:26

 
 

 

 2005/01/05 07:28 (fine adj2 synchroniz$5) and
(phase adj2 (shift$3 or offset or
deviation)) and (m adj2 psk)
 

 

 

DERWENT

 

$257 and(fine and course) 2005/01/05 07:30
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526 
3 

526 
5 

526 
7 

526 
9 

527 
1 

527 
3 

17 5262 and (fine and course) 

4 5264 and @ad<"19980414" 

(fine adj2 synchroniz$5) same 
(phase adj2 (shift$3 or offset or 
deviation)) 

5 5267 and ( psk) 

199 (fine adj2 synchroniz$5) and 
(phase adj2 (shift$3 <;>r offset or 
deviation)) 

103 (frequency adj2 (offset or 
deviation)) and (m adj2 psk) 

Search History 1/5/05 11:25:45 AM Page 25 
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U5-PGPUB; OR 
U5PAT; 
EPO; JPO; 
DERWENT 

OR 

U5-PGPUB; OR 
U5PAT; 
EPO; JPO; 
DERWENT 

U5-PGPUB; OR 
U5PAT; 
EPO; JPO; 
DERWENT 

U5-PGPUB; OR 
U5PAT; 
EPO; JPO; 
DERWENT 

OFF 2005/01/05 07:31 

OFF 2005/01/05 07:37 

OFF 2005/01/05 07:38 

OFF 2005/01/05 07:37 

OFF 2005/01/05 07:40 

OFF 2005/01/05 07:40 

Fraunhofer Ex 2018-210 
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   $262 and (fine and course) US-PGPUB;
USPAT;
EPO; JPO;
DERWENT

2005/01/05 07:31  
  

 

 
  

$264 and @ad<"19980414" 2005/01/05 07:37 
  

  
   

USPAT;
EPO; JPO;
DERWENT

 

 
 
 

 
 

(fine adj2 synchroniz$5) same
(phase adj2 (shift$3 or offset or
deviation))

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT

2005/01/05 07:38 

 

  

 
 

 

  $267 and ( psk) 2005/01/05 07:37

 
 

  

 
 

(fine adj2 synchroniz$5) and
(phase adj2 (shift$3 or offset or
deviation))

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT

2005/01/05 07:40 

 

 
  
 

 

 
  

 
 

 
US-PGPUB;

USPAT;
EPO; JPO;
DERWENT

(frequency adj2 (offset or
deviation)) and (m adj2 psk)

2005/01/05 07:40  
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. . 

527 
5 

527 
7 

527 
9 

528 
1 

14 5274 and (phase adj2 (shift$3 or 
offset or deviation)) 

2 synchroniz$5 with (differential 
adj2 phase adj2 decod$3) 

127 fine adj2 frequency adj2 estimat$3 

5 5280 and (m adj2 psk) 
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US-PGPUB; OR 
USPAT; 
EPO; JPO; 
DERWENT 

US-PGPUB; OR 
USPAT; 
EPO; JPO; 
DERWENT 

OFF 

OFF 

OFF 

OFF 

2005/01/05 07:40 

2005/01/05 08:46 

2005/01/05 08:47 

2005/01/05 08:48 

Fraunhofer Ex 2018-211 
Sirius XM v Fraunhofer, IPR2018-00681

$27 | 14|$274 and (phase adj2 (shift¢3 or|US-PGPUB;|OR OFF 2005/01/05 07:40
5 ‘| offset or deviation)) USPAT;

EPO; JPO;
DERWENT

 
S27 2|synchroniz$5 with (differential US-PGPUB;|OR OFF 2005/01/05 08:46
7 adj2 phase adj2 decod$3) USPAT;

EPO; JPO;
DERWENT

 
$27 127|fine adj2 frequency adj2 estimat$3|US-PGPUB;|OR OFF|2005/01/05 08:47

 
$28 © 5|$280 and (m adj2 psk) US-PGPUB;|OR OFF 2005/01/05 08:48
1 USPAT;

EPO; JPO;
DERWENT
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Application No. 

09/673,270 

Applicant(s) 

EBERLEIN ET AL. 

Office Action Summary Examiner 

Cicely Ware 

Art Unit 

2634 

•• The MAILING DATE of this communication appears on th cover sheet with th correspond nc address •• 
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE~ 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. 
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX {6) MONTHS from the mailing date of this communication. 

Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce .any 

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

Status 

1 )1:81 Responsive to communication(s) filed on 23 September 2004. 

2a)0 This action is FINAL. 2b)1:81 This action is non-final. 

3)0 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)1:81 Claim(s) 19-34 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdra~n from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)[81 Claim(s) 19-31.33 and 34 is/are rejected. 

7)1:81 Claim(s) 32 is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

1 0)0 The drawing(s) filed on __ is/are: a)O accepted or b)O 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)0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. §§ 119 and 120 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S. C. § 119(a)-(d) or (f). 
a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority document~ have been received. 
2.0 Certified copies of the priority documents have been received in Application No. __ . 
3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 
" See the attached detailed Office action for a list of the certified copies not received. 

13)0 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 or in an Application Data Sheet. 
37 CFR 1.78. 
a) 0 The translation of the foreign language provisional application has been received. 

14)0 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) [81 Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

3) 0 Information Disclosure Statement(s) (PT0-1449) Paper No(s) __ . 

4) 0 Interview Summary (PT0-413) Paper No(s). __ . 

5) 0 Notice of Informal Patent Application (PT0-152) 

6) 0 Other: 

U.S. Patent and Trademall< Office 
PTOL-326 (Rev. 11-03) Office Action Summary Part of Paper No. 2 
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DETAILED ACTION 

Claim Rejections- 35 USC§ 112 

Page2 

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. 1 02(b) as being 

anticipated by Gledhill et al. (US Patent 5,345,440). 

(1) With regard to claim 19, Gledhill et al. discloses in (Fig. 1 A, 1 B) 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 

Fraunhofer Ex 2018-214 
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use of a decision device; performing a feedback correction (Fig. 4) of said carrier 

Page 3 

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 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 care 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 feepback 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, lines 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 

Page 4 

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. 

(1 0) 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 controlled 

oscillator and complex multiplier (col. 7, lines 58-68). 

Page 5 

(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. inventi.on, 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 

differences 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 simultaneous 

carriers having different frequencies", however this does not lead toward operating in 

the time axis or the frequency axis. Therefore the previo~s rejection in regards to claim 

1-34 is maintained. 
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Allowable Subject Matter 

Page 6 

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 determining 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 
January 12, 2005 P.~:.;.~JD.~ T. L-= 
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ppl. No. 09/673,270 
Arndt. dated April 26, 2005 
Reply to Office Action of January 26, 2005 

41001 
PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Ernst Eberlein et al. 

Serial No.: 09/673,270 

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 

Sir: 

AMENDMENT 

: Group Art Unit: 2634 

Examiner: C. Ware 

Confirmation No.: 3590 

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. 
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Appl. No. 09/673,270 
Arndt. dated April 26, 2005 
Reply to Office Action of January 26, 2005 

AMENDMENTS TO THE CLAIMS: 

19. (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. 

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 frequencie~]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; 

-2-
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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 earner frequency deviation 

based on said determined frequency offset. 

21. (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 averagmg 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. (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. 

-3-
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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 frequencyoffset.

(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

frequencyoffsets of said plurality ofcarriers, 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 ofcarriers, and

said feedback correction of said frequency deviation is performed based on

said averaged frequencyoffset.

Fraunhofer Ex 2018-226
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23. (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. 

24. (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. 

25. (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. 

26. (Previously Presented) The method according to claim 20, wherein said step 

b) comprises the step of eliminating M-ary phase shifts. 

27. (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 

-4-
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means for performing a feedback correction of said frequency deviation based 

on said determined frequency offset. 

28. (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: 

29. 

means for determining respective phases of the same carrier m 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) 

comprising: 

The apparatus according to claim 27, further 

means for determining an averaged frequency offset by averaging determined 

frequency offsets of a plurality of carriers, wherein 

-5-
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30. 

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 

compnsmg: 

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. 

31. (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. 

32. (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 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 earner m different 

symbols; 

-6-
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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 frequencyoffset.

(Previously Presented) The apparatus according to claim 28, further

comprising:

means for determining an averaged frequency offset by averaging determined

frequencyoffsets 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 frequencyoffset.

(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 miulti-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 simultaneouscarriers

having different frequencies, said apparatus comprising:

means for determining respective phases of the same carrier in different

symbols;

Fraunhofer Ex 2018-229
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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. 

33. (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. 

34. (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. 

-7-
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34.

M-PSK decision device for eliminatingphase 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 multipher.

(Previously Presented) The apparatus according to claim 33, wherein said

means for performing a feedback correction of said frequency deviationfurther

comprises a low path filter preceding said numerical controlled oscillator.
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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 1s invited to contact the undersigned at the 

telephone number indicated below. 

Roylance, Abrams, Berdo & Goodman, L.L.P. 
1300 19th Street, N.W., Suite 600 
Washington, D.C. 20036 
(202) 659-9076 

Dated: _ _.l"'"-~--=~-"--f=:.U, ...... ~Q-"'--' 2005 

-9-
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~~1~~· · StaCey Long;CkeT 
Attorney for Applicant 
Reg. No. 33,952 
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0 

0 A. Amended paragraph(s) do not include markings. 
0 B. New paragraph(s) should not be underlined. 
0 C. Other ---------------------------------------------------------------

2. Abstract: 
0 
0 

A. Not presented on a separate sheet 37 CFR 1.72. 
B. Other ____________________________________________________________ __ 

3. Amendments to the drawings: ----------------------------------------

4- j.mendments to the claims: 
l1f A. A complete listing of all of the claims is not present 
W 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). 

0 D. The claims of this amendment paper have not been presented in ascending numerical order. 

0 E. Other:------------------------------:---'--
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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 bonafide attempt to be a reply (37 CFR U35(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 amen_dment. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Ernst Eberlein et al. 

Serial No.: 09/673,270 

Filed: November 29, 2000 

For: METHOD AND APPARATUS FOR 
FINE FREQUENCY SYNCHRONIZATION 
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RESPONSE TO NON-COMPLIANT AMENDMENT 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

In response to the Notice ofNon-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. 
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Appl. No. 09/673,270 
Response to Notice ofNon-Compliant Arndt. dated May 18, 2005 
Reply to Notice ofNon-Compliant Arndt. ofMay 12, 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 [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. 

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 

-2-
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Appl. No. 09/673,270 
Response to Notice ofNon-Compliant Arndt. dated May 18,2005 
Reply to Notice of Non-Compliant Arndt. ofMay 12, 2005 

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; 

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 earner frequency deviation 

based on said determined frequency offset. 

21. (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)]. 

22. (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, 

-3-
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an averaged frequency offset is determined by averagmg 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. (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. 

24. (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. 

25. (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. 

26. (Previously Presented) The method according to claim 20, wherein said step 

b) comprises the step of eliminating M-ary phase shifts. 

27. (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: 

-4-
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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. (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: 

means for determining respective phases of the same camer m 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; 

-5-
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29. 

30. 

means for performing a feedback correction of said frequency deviation based 

on said determined frequency offset. 

(Previously Presented) 

comprising: 

The apparatus according to claim 27, further 

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) 

comprising: 

The apparatus according to claim 28, further 

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. 

31. (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. 

32. (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 carrying out a differential phase decoding of 

-6-
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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 m 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. 

33. (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. 

34. (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. 

-7-
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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. 

Roylance, Abrams, Berdo & Goodman, L.L.P. 
1300 19th Street, N.W., Suite 600 
Washington, D.C. 20036 
(202) 659-9076 

nated: _ _.!._l1i _ _.LM~DM~~--_,, 2oo5 
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521 1 "375"/.ccls. and (((inverse adj2 U5-PGPUB; OR OFF 2004/05/25 13:31 
5 phase) and antenna) and {(printed U5PAT; 

or circuit) adj board)) and EPO; JPO; 
@ad<"19991130" DERWENT 

521 1 (lipp-stefan.in.) and (fine adj U5-PGPUB; OR OFF 2005/01/04 09:24 
6 frequency adj_ synchroniz$5) U5PAT; 

.EPO; JPO; 
DERWENT 

521 0 (ebehlim-ernst.in.) and (fine adj U5-PGPUB; OR OFF 2005/01/04 09:25 
7 frequency adj synchroniz$5) U5PAT; 

EPO; JPO; 
DERWENT 

521 0 (buchholz-albert.in.) and (fine adj 1)5-PGPUB; OR OFF 2005/01/04 09:25 
8 frequency adj synchroniz$5) U5PAT; 

EPO; JPO; 
DERWENT 

521 ·0 (gerhaeuser-heing.in.) and (tine U5-PGPUB; OR OFF 2005/01/04 09:25 
9 adj frequency adj synchroniz$5) U5PAT; 

EPO; JPO; 
DERWENT 

522 1 (badri-sabah.in.) and (tine adj U5-PGPUB; OR OFF 2005/01/04 09:26 
0 frequency adj synchroniz$5) U5PAT; 

EPO; JPO; 
DERWENT 

522 0 ((fraunhofer adj2 gesellschaft adj U5-PGPUB; OR OFF 2005/01/04 09:34 
1 zur adj foerderung adj der adj U5PAT; 

angewandten.as.) and ((multi adj2 EPO; JPO; 
carrier transmission) or ofdm)) DERWENT 
and (tine· adj frequency adj 
synchroniz$5) 

522 27 ((multi adj2 carrier transmission) U5-PGPUB; OR OFF 2005/01/04 09:41 
2 or mcm or ofdm) and (tine adj U5PAT; 

frequency adj syrichroniz$5) EPO; JPO; 
DERWENT 

522 7 5222 and ((frequency adj2 (offset U5-PGPUB; OR OFF 2005/01/04 09:43 
3 or deviation)) adj2 (correct$3 or U5PAT; 

compensat$3 or mitigat$3)) EPO; JPO; 
DERWENT 

522 7 5223 and ad@<"19980414" U5-PGPUB; OR OFF 2005/01/04 10:07 
4 U5PAT; 

EPO; JPO; 
DERWENT 

522 27 ((multi adj2 carrier transmission) U5-PGPUB; OR OFF 2005/01/04 10:06 
5 or mcm or ofdm) and (tine adj U5PAT; 

frequency adj synchroniz$5) EPO; JPO; 
DERWENT 

522 7 5225 and ((frequency adj2 (offset U5-PGPUB; OR OFF 2005/01/04 10:08 
6 or deviation)) adj2 (correct$3 or U5PAT; 

compensat$3 or mitigat$3)) EPO; JPO; 
DERWENT 
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522 0 5226 and @ad<"19980414" U5-PGPUB; OR OFF 2005/01/04 10:07 
7 U5PAT; 

EPO; JPO; 
DERWENT 

522 0 5226 and @ad<"19980414" U5-PGPUB; OR OFF 2005/01/04 10:08 
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2 U5PAT; 

EPO; JPO; 
DERWENT 
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523 22 5233 and (fine adj2 synchroniz$5) U5-PGPUB; OR OFF 2005/01/04 12:42 
4 U5PAT; 

EPO; JPO; 
DERWENT 

523 0 5234 and (differential adj2 phase U5-PGPUB; OR OFF 2005/01/04 11:41 
5 adj2 decod$3) U5PAT; 

EPO; JPO; 
DERWENT 

523 0 5233 and (differential adj2 phase U5-PGPUB; OR OFF 2005/01/04 11:41 
6 adj2 decod$3) U5PAT; 

EPO; JPO; 
DERWENT 

523 1 5234 and (differential adj2 U5-PGPUB; OR OFF 2005/01/04 12:41 
7 decod$3) U5PAT; 

EPO; JPO; 
DERWENT 

523 1 5237 and phase U5-PGPUB; OR OFF 2005/01/04 11:51 
8 U5PAT; 

EPO; JPO; 
DERWENT 

Search History 7/20/05 7:20:21 PM Page 22 
C:\Documents and Settings\CWare\My Documents\EAST\Workspaces\09673270.wsp 

Fraunhofer Ex 2018-246 
Sirius XM v Fraunhofer, IPR2018-00681



523 0 5238 and (feedback and (m adj2 U5-PGPUB; OR OFF 2005/01/04 11:51 
9 psk)) U5PAT; 

EPO; JPO; 
DERWENT 

524 0 5238 and (feedback) U5-PGPUB; OR OFF 2005/01/04 12:31 
0 U5PAT; 

EPO; JPO; 
DERWENT 

524 39 differential adj2 phase adj2 U5-PGPUB; OR OFF 2005/01/04 12:31 
1 decod$3 U5PAT; 

EPO; JPO; 
DERWENT 

524 0 5233 and (differential adj2 phase U5-PGPUB; OR OFF 2005/01/04 12:46 
2 adj2 decod$3) U5PAT; 

EPO; JPO; 
DERWENT 

524 3 5241 and (fine adj2 synchroniz$5) U5-PGPUB; OR OFF 2005/01/04 12:31 
3 U5PAT; 

EPO; JPO; 
DERWENT 

524 2 5243 and @ad<"19980414'' U5-PGPUB; OR OFF 2005/01/04 12:32 
4 U5PAT; 

EPO; JPO; 
DERWENT 

524 1 370/480.ccls. and (differential U5-PGPUB; OR OFF 2005/01/04 12:36 
5 adj2 phase adj2 decod$3) U5PAT; 

EPO; JPO; · 
DERWENT 

524 0 5245 and (feedback and (m adj2 U5-PGPUB; OR OFF 2005/01/04 12:35 
6 psk)) U5PAT; 

EPO; JPO; 
DERWENT 

524 1 375/332.ccls. and (differential U5-PGPUB; OR OFF 2005/01/04 12:35 
7 adj2 phase adj2 decod$3) U5PAT; 

EPO; JPO; 
DERWENT 

524 1 (differential adj2 phase adj2 U5-PGPUB; OR OFF 2005/01/04 12:38 
8 decod$3) and feedback and (m U5PAT; 

adj2 psk) EPO; JPO; 
DERWENT 

524 0 5248 and ((frequency adj2 (offset U5-PGPUB; OR OFF 2005/01/04 12:37 
9 or deviation)) adj2 (correct$3 or U5PAT; 

compensat$3 or mitigat$3)) EPO; JPO; 
DERWENT 

525 0 5233 and ((differential adj2 phase U5-PGPUB; OR OFF 2005/01/04 12:41 
0 adj2 decod$3) and feedback and U5PAT; 

(m adj2 psk)) EPO; JPO; 
DERWENT 
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525 0 5241 and ((frequency adj2 (offset U5-PGPUB; OR OFF 2005/01/04 12:40 
1 or deviation)) adj2 (correct$3 or U5PAT; 

compensat$3 or mitigat$3)) EPO; JPO; 
DERWENT 

525 7 5233 and ((phase adj2 (offset or U5-PGPUB; OR OFF 2005/01/04 12:41 
2 difference or deviation)) and U5PAT; 

feedback and (m adj2 psk)) EPO; JPO; 
DERWENT 

525 6 5252 and @ad<"19980414" U5-PGPUB; OR OFF 2005/01/04 12:41 
3 U5PAT; 

EPO; JPO; 
DERWENT 

525 0 5253 and (fine adj2 synchroniz$5) U5-PGPUB; OR OFF 2005/01/05 07:26 
4 U5PAT; 

EPO; JPO; 
DERWENT 

525 1 5253 and (differential adj2 U5-PGPUB; OR OFF 2005/01/04 12:59 
5 decod$3) U5PAT; 

EPO; JPO; 
DERWENT 

525 0 (fine adj2 synchroniz$5) and U5-PGPUB; OR OFF 2005/01/05 07:28 
6 (phase adj2 (shift$3 or offset or U5PAT; 

deviation)) and (m adj2 psk) EPO; JPO; 
DERWENT 

525 41 (frequency adj2 synchroniz$5) and U5-PGPUB; OR OFF 2005/01/05 07:28 
7 (phase adj2 (shift$3 or offset or U5PAT; . 

deviation)) and (m adj2 psk) EPO; JPO; 
DERWENT 

525 17 5257 and (fine and course) U5-PGPUB; OR OFF 2005/01/05 07:30 
8 U5PAT; 

EPO; JPO; 
DERWENT 

526 41 (frequency adj2 synchroniz$5) and U5-PGPUB; OR OFF 2005/01/05 07:36 
2 (phase adj2 (shift$3 or offset or U5PAT; 

deviation)) and (m adj2 psk) EPO; JPO; 
DERWENT 

526 17 5262 and (fine and course) U5-PGPUB; OR OFF 2005/01/05 07:31 
3 U5PAT; 

EPO; JPO; 
DERWENT 

526 6 5263 and (differential adj2 cod$3) U5-PGPUB; OR. OFF 2005/01/05 07:31 
4 U5PAT; 

EPO; JPO; 
DERWENT 

526 4 5264 and @ad<"19980414" U5-PGPUB; OR OFF 2005/01/05 07:37 
5 U5PAT; 

EPO; JPO; 
DERWENT 
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526 1 370/480.ccls. and (phase adj2 U5~PGPUB; OR OFF 2005/01/05 07:36 
6 (shift$3 or offset or deviation)) U5PAT; 

and (m adj2 psk) EPO; JPO; 
DERWENT 

526 29 (fine adj2 synchroniz$5) same U5~PGPUB; OR OFF 2005/01/05 07:38 
7 (phase adj2 (shift$~ or offset or U5PAT; 

deviation)) EPO; JPO; 
DERWENT 

526 0 5267 and (m adj2 psk) U5~PGPUB; OR OFF 2005/01/05 08:48 
8 U5PAT; 

EPO; JPO; 
DERWENT 

526 5 5267 and ( psk) U5~PGPUB; OR OFF 2005/01/05 07:37 
9 U5PAT; 

EPO; JPO; 
DERWENT 

527 5 5269 and @ad<"19980414" U5~PGPUB; OR OFF 2005/01/05 08:49 
0 U5PAT; 

EPO; JPO; 
DERWENT. 

527 199 (fine adj2 synchroniz$5) and U5-PGPUB; OR OFF 2005/01/05 07:40 
1 (phase adj2 (shift$3 or offset or U5PAT; 

deviation)) EPO; JPO; 
DERWENT 

527 0 5271 and (m adj2 psk) U5-PGPUB; OR OFF 2005/01/05 07:39 
2 U5PAT; 

EPO; JPO; 
DERWENT 

527 103 (frequency adj2 (offset or U5-PGPUB; OR OFF 2005/01/05 07:40 
3 deviation)) and (m adj2 psk) USPAT; 

EPO; JPO; 
DERWENT ' 

527 18 5273 and (frequency adj2 U5-PGPUB; OR OFF 2005/01/05 07:40 
4 synchroniz$5) USPAT; 

EPO; JPO; 
DERWENT 

527 14 5274 and (phase adj2 (shift$3 or US-PGPUB; OR OFF 2005/01/05 07:40 
5 offset or deviation)) U5PAT; 

EPO; JPO; 
DERWENT 

527 5 5275 and @ad<"19980414" U5~PGPUB; OR OFF 2005/01/05 07:46 
6 U5PAT; 

EPO; JPO; 
DERWENT 

527 2 synchroniz$5 with (differential U5-PGPUB; OR OFF 2005/01/05 08:46 
7 adj2 phase adj2 decod$3) U5PAT; 

EPO; JPO; 
DERWENT 
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527 1 wo92/05646. ptpn. U5-PGPUB; OR OFF 2005/01/05 11:06 
8 U5PAT; 

EPO; JPO; 
DERWENT 

527 127 fine adj2 frequency adj2 estimat$3 U5-PGPUB; OR OFF 2005/01/05 11:42 
9 U5PAT; 

EPO; JPO; 
DERWENT 

528 83 5279 and (phase adj2 (shift$3 or U5-PGPUB; OR OFF 2005/01/05 08:48 
0 difference or deviation or drift$1)) U5PAT; 

EPO; JPO; 
DERWENT 

528 5 5280 and (m adj2 psk) U5-PGPUB; OR OFF 2005/01/05 08:48 
1 U5PAT; 

EPO; JPO; 
DERWENT 

528 1 5281 and @ad<"19980414" U5-PGPUB; OR OFF 2005/01/05 08:49 
2 U5PAT; 

EPO; JPO; 
DERWENT 

528 0 5283 and (numerical adj2 U5-PGPUB; OR OFF 2005/01/05 11:07 
4 oscillator) U5PAT; 

EPO; JPO; 
DERWENT 

528 3 (fraunhofer adj2 gesellschaft adj U5-PGPUB; OR OFF 2005/07/20 16:43 
6 zur adj foerderung adj der adj U5PAT; 

angewandten) and (mcm or ofdm) EPO; JPO; 
DERWENT 

528 0 5286 and (multi adj2 carrier adj2 U5-PGPUB; OR OFF 2005/07/20 16:43 
7 demodulat$3) U5PAT; 

EPO; JPO; 
DERWENT 

528 0 (ebehlim adj2 ernst.in.) and (fine U5-PGPUB; OR OFF 2005/07/20 16:43 
8 adj frequency adj synchroniz$5) U5PAT; 

and (multi adj2 carrier adj2 EPO; JPO; 
demodulat$3) DERWENT 

528 1 (lipp adj2 stefan) and (fine adj U5-PGPUB; OR OFF 2005/07/20 16:46 
9 frequency adj synchroniz$5) and U5PAT; 

(multi adj2 carrier adj2 EPO; JPO; 
demodulat$3) DERWENT 

529 15 "9205646" U5-PGPUB; OR OFF 2005/07/20 16:46 
0 U5PAT; 

EPO; JPO; 
DERWENT 

529 0 (buc;hholz adj2 albert.in.) and (fine U5-PGPUB; OR OFF 2005/07/20 17:52 
1 adj frequency adj synchroniz$5) U5PAT; 

and (multi adj2 carrier adj2 EPO; JPO; 
demodulat$3) DERWENT 
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529 0 (gerhaeuser adj2 heing.in.) and U5-PGPUB; OR OFF 2005/07/20 17:52 
2 (fine adj frequency adj U5PAT; 

synchroniz$5) and (multi adj2 EPO; JPO; 
carrier adj2 demodulat$3) DERWENT 

529 1 (badri adj2 sabah) and (fine adj U5-PGPUB; OR OFF 2005/07/20 17:53 
3 frequency adj synchroniz$5) and U5PAT; 

(multi adj2 carrier adj2 EPO; JPO; 
demodulat$3) DERWENT 

529 1 (badri adj2 sa bah) and (fine adj U5-PGPUB; OR OFF 2005/07/20 17:53 
4 frequency adj synchroniz$5) and U5PAT; 

((multi adj2 carrier adj2 EPO; JPO; 
demodulat$3) or (mcm)) DERWENT 

529 1 (badri adj2 sabah.in.) and (fine U5-PGPUB; OR OFF 2005/07/20 17:53 
5 adj frequency adj synchroniz$5) U5PAT; 

and ((multi adj2 carrier adj2 EPO; JPO; 
demodulat$3) or (mcm)) DERWENT 

529 0 375/332.cels. and (fine adj U5-PGPUB; OR OFF 2005/07/20 17:54 
6 frequency adj synchroniz$5) and U5PAT; 

(multi adj2 carrier adj2 EPO; JPO; 
demodulat$3) DERWENT 

529 0 370/210.cels. and (fine adj U5-PGPUB; OR OFF 2005/07/20 17:55 
7 frequency adj synchroniz$5) and U5PAT; 

(multi adj2 carrier adj2 EPO; JPO; 
demodulat$3) DERWENT 

529 6 370/210.cels. and (multi adj2 U5-PGPUB; OR OFF 2005/07/20 17:55 
8 carrier adj2 demodulat$3) U5PAT; 

EPO; JPO; 
DERWENT 

529 0 5298 and ((differential$3 adj2 U5-PGPUB; OR OFF 2005/07/20 17:55 
9 cod$3) with frequency) U5PAT; 

EPO; JPO; 
DERWENT 

530 0 5298 and ((differential$3 adj2 U5-PGPUB; OR OFF 2005/07/20 17:56 
0 cod$3) near3 frequency) U5PAT; 

EPO; JPO; 
DERWENT 

530 0 "375332".ccls. and ((differential$3 U5-PGPUB; OR OFF 2005/07/20 17:56 
1 adj2 cod$3) near3 frequency) U5PAT; 

.EPO; JPO; 
DERWENT 

530 0 "375/332" .eels. and U5-PGPUB; OR OFF 2005/07/20 17:56 
2 ((differential$3 adj2 cod$3) near3 U5PAT; 

frequency) EPO; JPO; 
DERWENT 

530 2 · "370/210" .eels. and U5-PGPUB; OR OFF 2005/07/20 17:58 
3 ((differential$3 adj2 cod$3) near3 U5PAT; 

frequency) EPO; JPO; 
DERWENT 
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530 0 "370" .eels. and ( ( differential$3 U5-PGPUB; OR OFF 2005/07/20 17:59 
4 adj2 cod$3) near3 frequency) U5PAT; 

EPO; JPO; 
DERWENT 

530 47 ((differential$3 adj2 cod$3) near3 U5-PGPUB; OR OFF 2005/07/20 17:59 
5 frequency) U5PAT; 

EPO; JPO; 
DERWENT 

530 0 5305 and (multi adj2 carrier adj2 U5-PGPUB; OR OFF 2005/07/20 18:00 
6 demodulat$3) U5PAT; 

EPO; JPO; 
DERWENT 

530 2 5305 and (multi adj2 carrier ) U5-PGPUB; OR OFF 2005/07/20 18:00 
7 U5PAT; 

EPO; JPO; 
DERWENT 
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512 0 375/200.ccls. and mpsk U5-PGPUB; OR OFF 2003/11/1417:19 
0 U5PAT; 

EPO; JPO; 
DERWENT 

512 21 fine adj frequency adj U5-PGPUB; OR OFF 2004/05/23 13:45 
1 synchroniz$5 same ((mcm) or U5PAT; 

multi adj2 carrier or frequency or EPO; JPO; 
channel$! or bin$1) DERWENT 

512 • 21 (fine adj frequency adj U5-PGPUB; OR OFF 2004/05/23 13:22 
2 synchroniz$5) same ((mcm) or U5PAT; 

multi adj2 carrier or frequency or EPO; JPO; 
channel$1 or bin$1) DERWENT 

512 1 ((fine adj frequency adj U5-PGPUB; OR OFF 2004/05/23 13:25 
3 synchroniz$5) same ((mcm) or U5PAT; 

multi adj2 carrier or frequency or EPO; JPO; 
channel$1 or bin$1)) and DERWENT 
(differential adj phase adj 
decod$3) 

512 1 wo92/05646.ptpn. U5-PGPUB; OR OFF 2004/05/23 13:26 
4 U5PAT; 

EPO; JPO; 
DERWENT 

512 9 ((fine adj frequency adj U5-PGPUB; OR OFF 2004/05/23 13:26 
5 synchroniz$5) same ((mcm) or U5PAT; 

multi adj2 carrier or frequency or EPO; JPO; 
channel$1 or bin$1)) and (phase DERWENT 
adj (difference or offset)) 

512. 9 ((fine adj frequency adj U5-PGPUB; OR OFF 2004/05/23 13:26 
6 synchroniz$5) same ((mcm) or U5PAT; 

multi. adj2 carrier or frequency or EPO; JPO; 
channel$1 or bin$1)) and (phase DERWENT 
adj (difference or offset$1 or 
deviation$!)) 

512 8 (((fine adj frequency adj U5-PGPUB; OR OFF 2004/05/23 13:27 
7 synchroniz$5) same ((mcm) or U5PAT; 

multi adj2 carrier or frequency or EPO; JPO; 
channel$1 or bin$1)) and (phase DERWENT 
adj (difference or offset$1 or 
deviation$!))) and (frequency adj 
(difference or offset$1 or 
deviation$!)) 

512 1 ((((fine adj frequency adj U5-PGPUB; OR OFF 2004/05/23 13:27 
8 synchroniz$5) same ((mcm) or U5PAT; 

multi adj2 carrier or frequency or EPO; JPO; 
channel$! or bin$1)) and (phase DERWENT 
adj (difference or offset$1 or 
deviation$!))) and (frequency adj 
(difference or offset$1 or 
deviation$!))) and (feedback adj 
correct$3) 
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I 

Application No. Applicant(s) 

09/673,270 EBERLEIN ET AL. 

Office Action Summary Examiner 

Cicely Ware 

Art Unit 

2634 

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;1 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. 
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 

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

Status 

1)12! Responsive to communication(s) filed on 26 April2005. 

2a)l2! This action is FINAL 2b)0 This action is non-final. 

3)0 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)12! Claim(s) 19-34 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) 32 is/are allowed. 

6)12! Claim(s) 19.20.22-31.33 and 34 is/are rejected. 

7)12! Claim(s) 21 is1are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

1 0)12! The drawing(s) filed on 26 April 2005 is/are: a)12! accepted or b)O 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 )0 The ?ath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. §§ 119 and 120 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
a)O All b)O Some * c)O None of: 

1.0 Certified copies of the priority documents have been received. 
2.0 Certified copies of the priority documents have been received in Application No. __ . 
3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 

13)0 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 or in an Application Data Sheet. 
37 CFR 1.78. 
a) 0 The translation of the foreign language provisional application has been received. 

14)0 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) 121 Notice of References Cited (PT0-892) 4) 0 Interview Summary (PT0-413) Paper No(s). __ . 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 5) 0 Notice of Informal Patent Application (PT0-152) 

3) 0 Information Disclosure Statement(s) (PT0-1449) Paper No(s) __ . 6) 0 Other: 

U.S. Patent and Trademalk Offoce 

PTOL-326 (Rev. 11-03) Office Action Summary Part of Paper No. 2 Fraunhofer Ex 2018-255 
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Art Unit: 2634 

DETAILED ACTION 

Response to Arguments 

Page2 

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, 1 B) 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 differentially coded in 

the direction of the frequency axis (Table 1 ), said method comprising the steps of: 
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determining a phase difference between phases of the same carrier in different 

Page 3 

symbols, determining a frequency offset by eliminating phase shift uncert~inties 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. 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 clai'!l 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 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, lines 58-63). 
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(4) With regard to claim 23, claim 23 inherits all the limitations of claim 19. 
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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 t-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. 

(1 0) 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. 
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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 inherits 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 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 dscillator (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 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: "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 offsef', as in claim 21 
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5. Claim 32 is allowed. 
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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 demodulation 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 this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

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 
August6,2005 

----@~ 
</ STEPHEN CHIN . 
SUPEfMSORY PATENT EXAMINE 

TECHNOLOGY CeN'rEft 2600 
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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Ernst Eberlein et al. 

Serial No.: 09/673,270 

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: 

: Group Art Unit: 2634 

Examiner: C. Ware 

Confirmation No.: 3590 

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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AppL No. 09/673,270 
Arndt. dated November 10, 2005 
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 

c) 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. 

-2-
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Claims 20 -22. (Cancelled) 

23. (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. 

24. (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. (C1.1:rrently 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. 

31. (Cancelled) 

32. (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 

-3-
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phase differences between simultaneous carriers having different frequencies, 

said apparatus comprising: 

means for determining respective phases of the same carrier m 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. 

33. (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. 

34. (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. 

-4-
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REMARKS 

By the present amendment, claims 19-34 are pending. In the Office Action, 

claim 21 is 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. 

Roylance, Abrams, Berdo & Goodman, L.L.P. 
1300 19th Street, N. W., Suite 600 
Washington, D.C. 20036 
(202) 659-9076 

Dated: to f'-0~~ , 2005 
,j 
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By the present amendment, claims 19-34 are pending. In the Office Action,

claim 21 is 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
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invited to contact the undersignedat the telephone numberindicated below.

Respectfully Submitted,

 
Attorney for Applicant
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Roylance, Abrams, Berdo & Goodman, L.L.P.
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Notice of Allowability 
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EBERLEIN ET AL 
Examiner Art Unit 

CicelyWare 2634 
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All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1. ~ This communication is responsive to Amendment filed 1111012005. 

2. ~The allowed claim(s) is/are 19. 23. 24. 30. 32. 33. 34. renumbered as 1-3. 5. 4. 7. 6 respectively. 

3. 0 Acknowledgment is made of a claim for foreign priority under 35 U.S. C. § 119(a)-(d) or (f). 

a) 0 All b) 0 Some* c) 0 None of the: 

1. 0 Certified copies of the priority documents have been received. 

2. 0 Certified copies of the priority documents have been received in Application No. __ . 

3. 0 Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* 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. 0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PT0-152) which gives reason(s) why the oath or declaration is deficient. 

5. 0 CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

(a) 0 including changes required by the Notice of Draftsperson's Patent Drawing Review ( PT0-948) attached 

1) 0 hereto or 2) 0 to Paper No./Mail Date __ . 

(b) 0 including changes required by the attached Examiner's Amendment I 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. 0 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. 0 Notice of References Cited (PT0-892) 

2. 0 Notice of Draftperson's Patent Drawin·g Review (PT0-948) 

3. 0 Information Disclosure Statements (PT0-1449 or PTO/SB/08), 
Paper No./Mail Date __ 

4. 0 Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

U.S. Patent and Trademarl< Offoce 

5. 0 Notice of Informal Patent Application (PT0-152) 

6. 0 Interview Summary (PT0-413), 
Paper No./Mail Date __ . 

7. [81 Examiner's AmendmenVComment 

8. [81 Examiner's Statement of Reasons for Allowance 

9. 0 Other __ . 
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Application/Control Number: 09/673,270 

Art Unit: 2634 

EXAMINER'S AMENDMENT 
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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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Art Unit: 2634 

REASONS FOR ALLOWANCE 
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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. 
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Art Unit: 2634 
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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 

/~~ 
SUPEfMSORY PATBIT aAMINEI 

TECHNOLOGV CENTEft 28oo 
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