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Digital Multi-band Predistortion Lineariz.er with Nonlinear Subsampling Algorithm in the 

Feedback Loop 

CROSS�REFERENCE TO RELATED APPLICATIONS 

{OOOlJ This application is a Continuation of lJS Serial No. 13/274,290 filed October 14, 2011 

the entirety of which is incorporated herein by reforence. 

STATEMENT REGARDrNG FEDER.ALLY SPONSORED RESEARCH 

[0002] Not Applicable. 

APPENDIX 

[0003] Not Applicable. 

BACKGROUND OF THE rNVENTION 

FIELD OF THE INVENTION 

100011 The present invention relates to multi-band digital predistortion Jinearization. 

RELATED ART 

[00021 Power�efficiem., low-complex, and reconfigurable radio· system· requires the 

design of energy-efficient transmitter and receiver architectures. At the transmirter side, the 

power consumption is mainly dominated by the RF power amplification (PA) unit Generally, 

PAs are the most power consuming and the least power efficient components of the RF chain. 

Moreover, their nonlinear behavior and non-flat frequency response introduce unwanted 



intermodulation distortions into lhe system, which could significantly degrade t he output signal 

quality 

100031 An efficient and proper approach to linearize the transmitter nonlinearities, 

including the frequency up-conversion and power amplification units, is digital predistortion 

(DPD) linearization technique. The DPD technique is based on developing a reverse model of 

the nonlinear behavior and predistorted the input signals accordingly in order to compensate for 

the distortions and nonlinearities introduced by !.he transmitter. 

[0004] ln dual-band system, the nonlinear behavior of the device will introduce 

intennodulation, cross modulation, and ham1onic products caused by the two fundamental 

signals. This can be extended to multi-band systems where more than tv,10 active signals are 

transmitted simultaneously. 

1000:ij The linearization of multi-band transmitter is based on the digital predistortion 

lineariz.ation. The DPD technique compensates for the transmitter nonlinearity while operating in 

the high efficiency and nonlinear region. As an example presented here in this patent, two signal 

processing blocks are employed to deal and compensate for the unwanted distortions and 

intermodulation products of the dual-band transmitter. In the scenario of multi-band transmitter 

(dual-band or more) this processing architecture can be expanded to multiple processing block 

for linearization and distortion compensation of multi-band transmitter. 

10006) In order to obtain samples of the signal from the output of the multi-band system, 

multi-branch or multi-band down converter is required in the feedback loop. This feedback loop 

can be developed using multi-band down conversion unit, multi-branch down conversion unit, or 

using subsampling based down conversion unit. 
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(00071 In one case, an energy-efficient and low-complex subsampling receiver is adopted 

in the feedback loop of the multi-band linearization architecture. The subsampling receiver 

architecture is designed to concurrently down-convert the multiple RF signals through single 

receiver chain. Using subsampling technique simplifies the feedback loop topology, requires 

fewer number of RF components, and reduces the power consumption. 

10008] Substituting the mulli-band or multi-branch receiver feedback loop. of the 

linearization topology with subsampling receiver architecture reduces the complexity of the 

system. The subsampling down conversion is not very common as receivers because of its 

insufficient performance in the presence of uncontrolled interfering signals. However, in the case 

of a DPD feedback loop, the problem is different and the interfering signals can be controlled 

such that they will not affect the signal quality. The different intermodulation, cross modulation 

and harmonic products make choosing the sampling frequency a complex task in order to avoid 

any overlap between the dov.m-converted desired signals and their intermodulation and cross 

modulation products. Therefore, it is imperative to develop an algorithm to select the sampling 

frequency so that it takes into account all the possible frequencies such that the target signals will 

not be imerfered with the undesired product tenns. 

SUMMARY OF THE INVENTION 

10009) In one aspect of the present invention, a concurrent digital multi-band linearizer 

compromises a baseband signal preprocessing block, the base.band signal processing block 

including a digital predistortion unit; a signal up.conversion block, an RF power amplification 

block, the RF power amplification block including the concurrent multi-band power amplifier; 

and an RF power combining network. 
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100101 ln the description of the invention, a concurrent dual-band amplifier win be used. 

It is noted that a concurrent dual-band power amplifier which includes one amplification unit for 

two frequency bands may be considered in one sense a. simple and special case of multi0band 

power amplifiers. 

(OOU I In one aspect of the present invention, the feedback loop of the digital 

predistortion consists of multiple RF dovvn-conversion units associated with each of the 

frequency band of operation. 

100121 In another aspect of the present invention, a single feedback loop based on 

subsampling receiver technique is used to down-convert and extract the RF signals form all the 

frequency band at the same time. 

!0013) Further areas of applicability of the present invention will become apparent with 

reference 10 the following drawings, description and claims. It should be understood that the 

detailed description and specific examples, while indicating the preferred embodiment of the 

invention, are intended for purposes of illustration only and are not intended to limit the scope of 

the invention. 

BRlEF DESCRIPT10N OF THE ORA WINGS 

(00141 The present invention will become more fully understood from the detailed 

description and the accompanying drawings, wherein: 

[00151 Figure 1 is a block diagram or-the dual-band digital predistortion architecture 

according to an exemplary embodiment of the present invention. 

[00161 Figure 2 is an alternate embodiment illustrating a detailed block diagram of the 

architecture of Figure I, using subsampling based feedback loop. 
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10017} Figure 3 is one embodiment illustrating a detailed block diagram of the 

subsampling receiver architecture of Figure 2. 

{0018] Figure 4 is the signal representation at the input and output of the dual-band 

transmitter. rt consists of the fundamental signals at the input and the fundamental and 

intermodulation tenns at the output of the nonlinear 11ansmitter. 

100191 Figure 5 is dual-band RF signal and the frequency position of the subsampling 

harmonics. 

100201 Figure 6 is a flowchart illustroling the steps of the execution of finding the 

possible subsampling frequencies. 

[0021 I Figure 7 is the power spectrum of the predistortion results using dual�band digital 

prediction technique with dual-branch feedback loop. 

10022I Figure 8 is the Power spectrum of the output of the dual-band nonlinear 

transmitter including the two fundamental RF signals and their inter-modulation products and 

harmonics. 

!0023] Figure 9 is the Power spectrum of the captured signal using an ADC operating at

619.8 MHz sampling frequency-. 

10024] Figure 10 is the power spectrum of the predistortion results of using dual-band 

digital prediction technique with subsampling feedback loop. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0025] The following description of the preferred embodiment(s) is merely exemplary in 

nature and is in no way intended to limii the invention, its application, or uses. 
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[00261 Broadly, an embodiment of the present invention provides multiple branch digital 

predistortion Hneariz.ation architecture and digital signal processing algorithms for impairments­

free operalion and linearized multi-band transmitter. 

!00271 Referring to Figure 1, the system block diagram of the dual-band linearization

architecture 100 is displayed. The input signals. x l and x2, I 05 are fed into two distinct 

predistoners blocks 110. The predistorted signals 115 are converted from digilal 10 analog 120 

and up-converted 125 to RF frequencies. Then the two RF signals are combined 130 and 

amplified by the power amplifier 135. 

[00281 For digital predistortion linearization and identify the inverse model, the sample 

of the RF signal are captured using dual-band coupler 140. Then the RF signals are bandpass 

filtered 145, frequency dovvn converted 150, digitized using analog-to-digital converters 155. 

The digital output samples l 60, the input signals 105 and predistorted signals 115 are used in the 

analyzing stage 165 for nonlinear mode! identification and reverse modeling. 

[0029] The feedback path of the dual-band !inearizcr requires the use of two down­

conversion stages l SO, as well as bandpass filters l 45 to remove most of the imperfections 

caused by the power amplifier. The predistorted inputs, xp,11 and Xpd2, 115 as well as the output of 

each band of the PA, y I and )'2, 160 are used to generate the predistorter signal processing model 

110. The processing model equations of the linearization processing algorithm 165 for prediction

and compensation of the distortions and intermodulations is as follows: 

M-l K-1 k 

xp,11 (n) =LL �::Ci,j.k.mx1 (n-m)lx1 (n-mt-J lx2 (n-m)l1
m=O A:=O J=O 
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[0030] Where Xi(n) and x2(n) are the input signals, x;x11(n) and Xpd2(n) are the predistorted 

signals to the input of the dual-band transmitter, c: 1Jt.;_m and C,jJ.m are the indentified model's 

coefficients, and finally M is the order of the memory effect and K is the order :of nonlinearity. 
-

'II • 
• a 

.• 
•. 

� . � . ,· 

[0031! Com::urrent multi-band receiver architectures require a:'bandpass fi1ter)4S; do�n; 
,-

conversion stage l 50, and ADC i 55 for the translation of'each RF frequency band:s:"to .p�seband. · 

Using subsampling with a high speed ADC allows the eli1riination of �ll these co:rmxments;:. 

however, the user needs to make s_ure that the signals don't ov_�rjap:i11 the subsampl�d spec�af; 

. domain. 
- . 

10032] Sampling multi-bands at the -same tiine �!so elirnir:ates the time· delav taken.:·
. 

_, · ·  , . . . _, - ·._ ., . , . . . · 

between different band paths caused by the filters'. •Figure £d)�p1ays the dual,band, pr�distl'.lrti�ri· · 
- - , •  

- �- ' '
_;_:·.(·; : 

architecture with a subsampling 'feedback loop 200. At the feedback loop, it consists of opti'ona.l .· 

bandpass filters 245, a track and hold 250, an analog-to-digital converter 255, a tji_gital · 

conversion unit 260, and analyzing stage 270, 

10033] Sampling the band-limited RF signal at frequency rates much lower than the 

carrier frequency, but higher than signal bandwidth folds the RF signal to the lower frequencies, 

where these replicates of the RF signal at baseband or interrnetliate frequendes can be used to · 

reconstruct the baseband signal. To make sure that there is no aliasing between tt.e r�plicas,the.
subsampling rate should be chosen in the following range: 

2
fu � j� s 

2/i. where
n n-1

J: � 2 x B Nyquist rate 

Isns.lk j 
BJ (2) 

{0034! where Ii. and fu are the lower and upper frequencies of the band*limited RF 

signal, B"' /
11 

- /1• is the signal bandwidth, and n is an integer value, 

7 



[00351 Figure 3 shows a general block diagram of subsarnpling-based receiver 300. It 

consists of Rf bandpass filter 305, low-noise amplifier (LNA) 310, subsampling receiver 345 

including the track and hold (T &H) 320, and ADC 325 followed by ba,;ebarid digital signal 

processing (DSP) unit 330. The T &H 320 is required to expand the analog bandwidth of the 

receiver and defines the Rf range of receiver operation. The sampling clock of the T&H 320 and 

ADC 325 are chosen from (2) to avoid any aliasing with the other RF' signals. 

10036] In dual-band operation transmitter with nonlinearity, the first and second bands­

will produce intermodulation, cross modulation and harmonic products. Figure 4 shows the 

power spectrum of the input signal, and the output signal when passed through a· third order 

nonlinear system. The input signals as two-tone signal around carrier frequencies of ffi1 and mi 

(Figure 4(a)) the output signals are around carrier frequencies of @ 1 and ro2 and the 3 rd order

intermodulation frequencies of 2ro 1-ro1 and 2w2- w 1 (Figure 4(b)). The unwanted intermodulation 

can be classified into three groups of cross-modulation, in-band intennodulation, and out-of­

band intennodulation terms. This latter is usually filtered out before transmission using RF 

filter to avoid signal quality degradation and interference with the signals at the adjacent 

channels. 

[0037J Now considering two RF signals at carrier frequencies of ooi and ro2, with their 

respective bandwidths Bl and 82 as shown in Figure 5, the subsampling frequency, fs, must be 

chosen to ensure that the two signals do not overlap in the subsampled domain. Taking into 

account the subsampling theorem for sampling the multi-band signals and following the neighbor 

and boundary constraints, an iterative process is used to find all the valid subsampling 

frequencies for the two fundamental frequencies. 
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10038] The, out-of•band intermodulation-modulation, and harmonics generated by the 

fundamental signals are not required for the predistortion application; therefore, an itera�i.ve 

subsampling algorithm has been developed to subsample the Rf signals without any overlap · 

with the other unwanted RF signals. Figure 6 is the flowchart of the developed iterative 

subsampling algorithm to find the valid sub.sampling frequencies so that the replicas of the 

wanted RF signals have no overlap with the harmonics and intermodulation frequency tem1s. 

[0039) Referring to Figure 7, there is shown the measured output spectrum of the dual­

band transmitter 170 for three cases: I) without using the dual0band digit.al pre-compensator I l 0, 

2) using the dual-band digital pre-compensator 110 3) the input signal. The output spectrum of

case-2 with digital pre-compensator shows that the digital pre-compensator 110 can compensate 

for the cross-modulation and in-band inter-modulation terms introduced by the transmitter 

nonlinearity. 

[00401 Referring to Figure 8, there is an example of the power spectrum at the output of 

the concurrent dual-band nonlinear transmitter which contains two fundamental RF frequencies 

and !heir corresponding hannonics and inter-modulation products. 

10041 J As an example for the application of this invention, Figure 9, points up the 

power spectrum after the subsampling feedback loop which shows the two fundamental RF 

signals at 260.2 MHz and l 18.6 MHz when the subsampling frequency of 619;8 is used 

following is determination by the developed iterative subsampling algorithm illustrated in 

Figure 6. The spectrum in Figure 9 shows that the harmonics antl inter-modulation tenns have no 

interference with the two desired fundamental signals. 

(00421 Referring to figure 10, there is shown the measured output spectrum of the dual­

band transmitter 280 for three cases: l) .without using the dual-band digital pre-compensator 2 IO, 
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2) using the dual�band digital pre-compensator 21 O, 3) the input signal. The output spectrum of

case-2 ·with digital pre-compensator shows that the digital pre-compensator 2 l O can· compensate 

for the cross0modulation and in-band inter�modulation terms introduced -by the transmitter 

dynamic nonlinearity with memory effects. 

lO 
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Abstract 

A concurrent multi-band linearized transmitter (CMLT) has a concurrent digital 

multi-band predistortion block (CDMPB) and a concurrent multi-band transmitter (CMT) 

connected to the CDMPB. The CDMPB can have a plurality of digital baseband signal 

predistorter blocks (DBSPBs), an analyzing and modelir:ig (A&M) stage, and a signal 

observation feedback loop. Each DBSPB can have a plurality of inputs, each 

corresponding to a single frequency band of the multi-band input signal, and its output 

corresponding to a single frequency band; each output connect corresponding to an input 

of the CML T. The A&M srnge can have a plurality of outputs connected to and updating 

the parameters of the DBSPBs, and a plurality of inputs connected to either both outputs 

of the signal observation loop or the output of the subsampling loop and to outputs of the 

DBSPBs. The A&M stage can perfom1 signals' time alignment, reconstruction of signals 

and compute parameters of DBSPBs. 
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For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 

LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 

date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 

State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 

LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 

if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 

business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800.
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Applicant(s): 

Assignee: 

Title: 

Serial No,; 

Examiner: 

Docket No.: 

Fadhel Ghannouchi et ai 

DIGITAL MULTI-BAND PREDISTORTION LINEARIZER WITH 
NONLINEAR SUBSAMPLING ALGORITHM IN THE FEEDBACK 
LOOP 
14/467,642 

4207-113 

Filing Date: 08/25/2014 

Group Art Unit: 

Customer No.: 43563 

January 5, 2015 

RESPONSE TO NOTICE TO FILE CORRECTEU APPLICA'HON PAPERS 

Dear Sir: 

This is in response to the Notice dated 09/04/2014. Please consider the following: 

Amendments to the S1lecificatiou begin on 

page 2; 

Remarks begin on page 4. 
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Amendment.� to the Specification: 

Please amend the specification as set fmth below. 

On page 5; 

Please :replace pa:ragrnph 18 with the following two paragraphs: 

Figure 4A is the fundamental signal representation at the input of the dual-band 

transmitter. 

Figure 4B is the fundamental signal representation at the output of the dual-band 

transmitter and intem1odulation terms at the output of the nonlinear transmitteL 

Please replace paragraph 21 with the following two paragrnphs: 

Figure 7A is the power spectrum of the predistmtion results for 880 MHz, using dual­

band digital prediction technique with dual feedback loop. Spectrums marked with circles are 

the output without linearization, those marked with diamonds are the output after linearization, 

and those marked with solid rectangles are the inputs signals. 

Figure 7B is the power spectrum of the predistortion results for 1978 MHz, using dual­

band digital prediction technique with dual-branch feedback loop, using the same codes as 

described for Figure 7 A. 

Please replace paragraph 24 with the following two paragraphs: 

Figure 1 OA is the power spectrum of the predistortion results for 880 MHz, using dual­

band digital prediction technique with subsampling feedback loop. 

-2 of 4-



Figure l OB is the power spectrum of the predistortion results for 1978 MHz, using duai­

band digital prediction technique with subsampling feedback loop. 
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REMARKS 

Applicant provides herewith seven (7) sheets of replacement figures to be substituted for the 

seven sheets of drawings filed with the application on August 25, 2014. The specification has 

been amended above so that the Brief Descriptions of the Drawings section corresponds now 

with the replacement sheets of figures. 
t 

....-···, l 
./itt�St\t>ct\�Uy subrnitted,
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' 
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PTO/AIA/22 (03-13) 
Approved for use through 7/31/2016. 0MB 0651-0031 

U.S. 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 displays a valid 0MB control number. 

Docket Number (Optional) 

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) 4207-113 

Application Number 
1 41467 642 

' 

For 

I 
Filed 

August 25, 2014 
DIGITAL MUL Tl-BAND PREDISTORTION LINEARLIZER WITH NONLINEAR SUBSAMPLING ALGORITHM IN THE FEEDBACK LOOP 

Art Unit 
I 

Examiner 

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above-identified application. 

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below): 

□ 

0 

□ 

□ 

□ 

Fee Small Entiti Fee Micro Entiti Fee 

One month (37 CFR 1.17(a)(1)) $200 $100 $50 

Two months (37 CFR 1.17(a)(2)) $600 $300 $150 

Three months (37 CFR 1.17(a)(3)) $1,400 $700 $350 

Four months (37 CFR 1.17(a)(4)) $2,200 $1,100 $550 

Five months (37 CFR 1.17(a)(5)) $3,000 $1,500 $750 

□ Applicant asserts small entity status. See 37 CFR 1.27. 

Applicant certifies micro entity status. See 37 CFR 1.29.
□

□ 

0 

Form PTO/SB/15A or B or equivalent must either be enclosed or have been submitted previously. 

A check in the amount of the fee is enclosed.

Payment by credit card. Form PTO-2038 is attached.

The Director has already been authorized to charge fees in this application to a Deposit Account.

$ 

$ 300.00

$ 

$ 

$ 

□ 
□ The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to 

Deposit Account Number _ _ _ _ _ _ _ _ _ _ _  _

D Payment made via EFS-Web.

WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide 

credit card information and authorization on PTO-2038. 

I am the 

D applicant.

0 attorney or agent of record. Registration number _4_1_5_5_9 _ _ _ _ _ _ _ _ _  _ 

D attorney or agent acting under 37 CFR 1.34. Registration number ____________ _

/KEVIN PILLAY/ January 5, 2015 
Signature Date 

Kevin Pillay 613-232-7302
Typed or printed name Telephone Number 

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. Submit 
multiple forms if more than one signature is required, see below*. 

D * Total of _ _ _ _ _ _ _  forms are submitted.
This collection of information is required by 37 CFR 1.136(a). The information is required to obtain or retain a benefit by the public, which is to file (and by the 

USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 6 minutes to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 

comments on the amount of time you require to complete this form and/or suggestions for reducing this burden should be sent to the Chief Information Officer, 
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS 

TO THIS ADDRESS. SEND TO: Mail Stop PCT, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 



Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements of 
the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) 
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the 
U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or 
patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or abandonment of the 
application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from
the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority of
44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U .S.C. 122(b) or issuance of a patent pursuant to 35 U .S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record
was filed in an application which became abandoned or in which the proceedings were terminated and which
application is referenced by either a published application, an application open to public inspection or an issued
patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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427 LAURIER AVEUE W., SUITE 1200 

OTTAWA, ON K1 R 7Y2 

CANADA 
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United States Patent and Trademark Office 

Adiliess. COMMISSIO'JER FOR PATENTS 
PO Box 1450 
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CONFIRMATION NO.1866 

WITHDRAWAL NOTICE 
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Date Mailed: 03/05/2015 

Letter Regarding a New Notice and/or the Status of the Application 

If a new notice or Filing Receipt is enclosed, applicant may disregard the previous notice mailed on 

09/04/2014. The time period for reply runs from the mail date of the new notice. Within the time period 

for reply, applicant is required to file a reply in compliance with the requirements set forth in the new 

notice to avoid abandonment of the application. 

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web. 

https://sportal. uspto.gov/authenticate/ AuthenticateU serLocalEPF .html 

For more information about EFS-Web please call the USPTO Electronic Business Center at 
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If the reply is not filed electronically via EFS-Web, the reply must be accompanied by a copy of 

the new notice. 

If the Office previously granted a petition to withdraw the holding of abandonment or a petition to 

revive under 37 CPR 1.137, the status of the application has been returned to pending status. 

/wtsige/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 

1-888-786-0101
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Date Mailed: 03/05/2015 

NOTICE TO FILE CORRECTED APPLICATION PAPERS 

Filing Date Granted 

An application number and filing date have been accorded to this application. The application is informal since 
it does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS 
from the date of this Notice within which to correct the informalities indicated below. Extensions of time may be 

obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a). 

The required item(s) identified below must be timely submitted to avoid abandonment: 

• A substitute specification in compliance with 37 CFR 1.52, 1.121 (b)(3), and 1.125, is required. The substitute

specification must be submitted with markings and be accompanied by a clean version (without markings) as

set forth in 37 CFR 1.125(c) and a statement that the substitute specification contains no new matter (see 37

CFR 1.125(b)). The specification, claims, and/or abstract page(s) submitted is not acceptable and cannot be

scanned or properly stored because:
• The application contains drawings, but the specification does not contain a brief description of the several

views of the drawings as required by 37 CFR 1.74 and 37 CFR 1.77(b)(9).
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Digital Multieband Predistortion LineITTizer with Nonlinear Subsampllng Algorithm in the 

Feedback Loop 

CROSS-REFERENCE TO RELATED APPUCA TIONS 

[0001] This application is a Continuation of US Serial No. 13/274,290 filed October 14, 2011 

the entirety of which is incorporated herein by reference. 

STATEMENT REGARDiNG FEDERALLY SPONSORED RESEARCH 

{0002] No! Applicable. 

APPENDIX 

[0003] Not Applicable 

BACKGROUND Of THE INVENTION 

FIELD OF THE INVENTION 

(0001] The present invention relates to multi-band digital predistortion linearization. 

RELATED ART 

100021 PoweM:fficiem, low-complex, and reconfigurable radio· system· requires the 

design of energy-efficient transmitter and receiver architectures. At the transmirter side, the 

power consumption is mainly dominated by the RF power amplification (PA) unit. Generally, 

PAs are the most power consuming and the least power efficient components of the RF chain. 

Moreover, 1heir nonlinear behavior and non-flat frequency response introduce unwanted 



intermodulation distortions into the system, which could significantly degrade the output signal 

quality 

100031 An efficient and proper approach to linearize ,he transmitter nc;mlinearities, 

including the frequency up-conversion and power amplification units, is digital predistortion 

(DPD) linearlzation technique. The DPD technique is based on developing a reverse model of 

the nonlinear behavior and predistorted the input signals accordingly in order to compensate for 

the distortions and nonlinearities introduced by the transmitter. 

[0004) ln dual-band system, the nonlinear behavior of the device will introduce 

intermodulation, cross modulation, and harmonic products caused by the two fundamental

signals. This can be extended to multi-band systems where more than two active signals are 

transmitted simultaneously. 

!0005J The linea.rization of multi-band transmitter is based on the digital predistortion 

lineariz.ation. The DPD technique compensates for the transmitter nonlinearity while operating in 

the high efficiency and nonHnear region. As an example presented here in this patent, two signal 

processing blocks are employed to deal and compensate for the unwanted distortions and 

intermodulation products of the dual-band transmitter. In the scenario of multi-band transmitter 

(dual-band or more) this processing an:hitecture can be expanded to multiple processing block 

for linearization and distortion compensation of multi-band transmitter. 

10006] In order to obtain samples of th11: signal from the output of the multi-band system, 

multi-branch or multi-band down converter is required in the feedback loop. This feedback loop 

can be developed using multi-band down conversion unit. multi-branch down conversion unit, or 

using subsampling based down conversion unit. 
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[00071 In one case, an energy-efficient and low-complex subsa.mpling receiver is adopted 

in the feedback loop of the multi-band linearization architecture. The subsampling receiver 

architeclure is designed to concurrently down-convert the multiple Rf signals through single 

receiver chain. Using subsampling technique simplifies the feedback loop topology, requires 

fewer number of RF components, and reduces the power consumption. 

10008) Substituting the mu!li-band or multi-branch receiver feedback loop. of the 

linearizatlon topology with subsampling receiver architecture reduces the complexity of the 

system, The subsampling down conversion is not very common as receivers because of its 

insufficient perfonnance in the presence of uncontrolled interfering signals. However, in the case 

of a DPD feedback loop, the problem is different and the interfering signals can be controlled 

such that they wi!I not affect the signal quality. The different intennodulation., cross modulation 

and harmonic products make choosing the sampling frequency a complex task in order to avoid 

any overlap between the do,vn-converted desired signals and their intermodulation and cross 

modulation products. Therefore, it is imperative to develop an algorithm to select the sampling 

frequency so that it takes into account all the possible frequencies such that the target signals will 

not be imerfered with the undesired product terms. 

SUMMARY OF THE INVENTION 

I 0009] In one aspect of the present invention, a concurrent digital multi-band linea.rizer 

compromises a baseband signal preprocessing block, !he baseband signal processing block 

including a digital predistonion unit; a signal up-conversion block., an RF power amplification 

block, the RF power amplification block including the concurrent multi-band power amplifier; 

and an RF power combining network. 
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IOOH)\ ln I.he description of the invention, a concurrent dualMband amplifier will be used. 

II is noted that a concurrent dual-band power amplifier which includes one amplification unit for 

two frequency bands may be considered in one sense a simple and special case of multi-band 

power amplifiers. 

[OOll I ln one aspect of the present invention, the feedback loop of the digital 

predistortion consists of multiple RF down-conversion units associated with each of the 

frequency band of operation. 

!0012j ln another aspect of I.he present invention, a single feedback loop based on 

subsampling receiver technique is used to down-convert and extract the RF signals fonn all the 

frequency band at the same time. 

100131 Further areas of applicability of the present invention will become apparent with 

reference to the following drawings, description and claims. It should be understood that the 

detailed description and specific examples, while indicating the preferred embodiment of the 

invention, are intended for purposes of illustration only and are not intended to limit lhe scope of

the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014J The present invention will become more fully understood from the detailed 

description and the accompanying drawings, wherein: 

100151 Figure 1 is a block diagram of" the dual-band digital predistortion architecture 

according to an exemplary embodiment of the present invention. 

[00161 Pigure 2 is an nltemnte embodiment illustrating a detailed block diagram of the 

architecture ofFigure I, using subsampling based feedback loop. 
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10017} Figure J is one embodiment illustrating a detailed block diagram of the 

harmonics. 

10020] Figure 6 is a flowchart illustrating the steps of the execution of finding the 

transmim:r including the two fundamental RF signals and their inter-modulation produ�ts and 

harmonics. 

[0025) The following description of the preferred emJ.?odiment(s) is merely exemplary in 

nature and is in no way intended to limii the invention, its application, or uses. 



[00261 Broadly, an embodiment of the present in·vention provides multiple branch digital 

preclislortion Hneariz.ation architecture and digital signal processing algorithms for impairments­

free operalion and linearized multi-band transmitter. 

100271 Referring to Figure l, the system block diagram of the dual-band lineariz:ation 

atchitecture 100 is displayed. The input signals, x l and x2, 105 are fed into two distinct 

predis1or1ers blocks 110. The predistoned signals 11 S are converted from digital 10 analog 120 

and up-converted 125 to RF frequencies. Then the lwo RF signals are combined 130 and 

amplified by the power amplifier 135. 

100281 For digital predistortion lineariza!ion and identify the inverse model, the sample 

of the RF signal are captured using dual-band coupler 140. Then the RF signals are bandpass 

filtered 145, frequency dovvn converted 150, digitized using analog-to-digital converters l 55. · 

The digital output samples I 60, the input signaJs 105 and predistorted signals 115 are used in the 

analyzing stage 165 for nonlinear model identification and reverse modeling. 

[0029] The feedback path of the dual-band linearizer requires the use of two down­

conversion stages 150, as well as bandpass filters l 45 to remove most of the imperfections 

caused by the power amplifier. The predistorted inputs, xpo 1 and xpi12, 115 as well as the output of 

each band of the PA, Y1 and )'2, 160 are used to generate the predistorter signal processing model 

! l 0. The processing model equations of the linearization processing algorithm 165 for prediction

and compensation of the distortions and intermodulations is as follows: 

M-l K-l k

xpd1 (n) = LL �:Ci,j.k .• ,x1 (n-m)lx1 (n-m)j
k

-J lx2 (n-mt
m=O k=O j .. O 

M-l K-1 k 

xpd2 (n) a:a L LI:C2.J.k,mx2(n- m)lx2 (n-mt-1 Ix, (n - m)IJ 
(1)

m�O k•O j�O 
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10030] Where x:(n) and x2(n) are the input signals, Xp,ij1(n) and Xpd.'!(n) are the predis1orted 

signals to the input of the dual-band 11ansmitter, C1J.un and c,J.k.m are the indentified model's 

c�cfficlenls, and pnaliy M is the order of the memory effect and K is the ord�r :of nonlin_earity.

[003lj Concurrent multi-band receiver architectures requfre a:bandpass fi1ter)45: do�n�· 

conversion stage l 50, and ADC 155 for the translation of'each RF frequency bands·to q�e;band. _·:,_ · 

Using subsampling with a hisn.· speed ADC allows the elir.rilnation· of .all these coJtpont;nts;:: 
- , -- ' ;  .. . ._ -

however, the user needs to make sure that the sjgnals don't qv_erlap.,ip. the subsampl_�d•spectral/·_·' 
, • •  ' -., . ·•• . • e· , ,  .

. 

domain. 

10032] Sampling multi-bands at the ·same -ti-me- als� e!1niin�tes th� time· dela:v !�tm_ 

between different band paths �aused by the filter-�:-l�igur¢J.:d:i;pl�ys·�he OU$l·b�n�:;fr��i�lf?rll1iri•:
:· .< � 

' 

. ... .. � �� � 
architecture with a subsampling 'feedback loop 200. At the· feedback loop, it consists of optl'onal 

bandpass filters 245, a track and hold 250, an analog-to-digital converter 255, a qi_gitaJ •, 

conversion unit 260, and analyzing stage 270. 

[0033] Sampling the band-limited RF signal at frequency rates much lower than the 

carrier frequency, but hlgher than signal bandwidth folds the Rf signal to the lower frequencies, 

where these replicates of the RF signal at baseband or intennediate frequencies can be used to 

reconstruct the baseband signal. To make sure that there is no aliasing between the r�plicas, the 

subsampling rate should be chosen in the following range: 

2fu � h s 2fl where
n n-1 

J: � 2 x B Nyquist rate 

!0034l where Ji. and fu are the lower and upper frequencies of the band0limited RF 

slgnai, B = /11 - fi. is the signal bandwidth, and n is an integer value.
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[00351 Figure 3 shows a general block diagram of subsamp!ing-ba.sed receiver 300. It 

consists of RF bandpass filter 305, low.noise amplifier (LNA) 310, subsampling receiver 345 

including the track and hold (T &H) 320, and ADC 325 followed by baseband digital signal 

processing (DSP) unit '.330. The T &H 320 is required to expand the analog bandwidth of the 

receiver and defines the RF range of receiver operation. The sampling dock of the T&H 320 and 

ADC 325 are chosen from (2) to ave id any aliasing with the other RF signals. 

10036} In dual�band operation transmitter with nonlinearity, the first and second bands 

will produce intermodulation, cross modulation and harmonic products. Figure 4 shows the 

power spectrum of the input signal, and the output signal when passed through a· third order 

nonlinear system. The inpul signals as two-tone signal around carrier frequencies of 001 and ro2 

(Figure 4(a)) the output signals are around carrier frequencies of @1 and m2 and the 3 rd order

intermodulation frequencies of 2ru1-001 and 2ro2• w 1 (Figure 4(b)). The unwanted intermodulation 

can be classified into three groups of cross-modulation, in-band intermodulation, and out-of• 

band intermodulation terms. This latter is usually filtered out before transmis•sion using RF 

filter to avoid signal quality degradation and interference with the signals at the adjacent 

channels. 

[00371 Now considering two RF signals at carrier frequencies of 002 and roi, with their 

respective bandwidths Bl and 82 as shown in Figure 5, !.he subsampling frequency, rs, must be 

chosen to ensure that the two signals do not overlap in the subsarnpled domain. Taking into 

account the subsampling theorem for sampling the multi-band signals and following the neighbor 

and boundary constraints, an iterative process is used to find all the valid subsampling 

frequencies for the two fundamental frequencies. 
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!0038J The, out-of•band intermodulation-modulation, and harmonics gene�ated by lhe

fundamental signals are not required for the predistortion application; therefore, an it_erati,ve 

subsampling algorithm has been developed to subsample the RF signals without any overlap 

with the other unwanted RF signals. Figure 6 is the 'flowchart of the developed iterative 

subsampling algorithm to find the valid subsamp!ing frequencies so tha! the replicas of the 

wanted RF signals have no overlap with the harmonics and intermodulation frequency terms. 

[0039] Referring to Figure 7, there is shown the measured output spectrum of the dual­

band transmitter 170 for three cases: I) without using !he dual-band digital pre-compensator l l 0, 

2) using the dual-band digital pre-compensator l lO 3) the input signal. The output spectrum of

case�2 with digital pre-compensator shows that the digital pre-compensator n O can compensate 

for the cross-modulation and in�band inter.modulation terms introduced by the transmitter 

nonlinearity. 

100401 Referring to Figure 8, there is an example of the power spectrum at the output of 

the concurrent dual-band nonlinear transmitter which contains two fundamental RF frequencies 

and their corresponding harmonics and inter-modulation products. 

10041 l As an example for the application of this invention, Figure 9, points up the 

power spectrum after the subsampling feedback loop which shows the two fundamental RF 

signals at 260.2 MHz and 118.6 MHz when the subsa.mpling frequency of 6 I 9Jl is used 

following is determination by the developed iterative subsampling algorithm iUustrated in 

Figure 6. The spectrum in ·Figure 9 shows that the harmonics anti inter-modulation terms have no 

interference with the two desired fundamental signals. 

f 0042 I Referring to Figure 10, ahere is shown the measured output spectrum of the dual­

band 1ransmitler 280 for three cases: l ).without using the dual-band digital pre�compensator 2 IO, 
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.2) using the duaM:nmd digital pre-compensator 2 ! O, 3) the input si·gnal. The omput spectrum of 

case-2 w
i

th digital pre•compen�tor shows that !he digital pre-compensator 2_10 can· compe.nsate 

for the cr-oss-modulation and in-band inter-modulation terms introduced ,by the transmitter 

dynamic nonlinearity with memory effects, 

lO 
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Abstract 

A concurrent multi-band linearized transmitter (CMLT) has a concurrent digital 

multi-band predistortion block (CDMPB) and a concurrent multi-band transmitter (CMT) 

connected to the CDMPB. The CDMPB can have a pluralit)' of digital baseband signal 

predistorter blocks (DBSPBs), an analyzing and modelir:ig (A&M) smge, and a signal 

observation feedbac-k loop. Each DBSPB can have a plurality of inputs, each 

corresponding to a single frequency band of the multi-band input signal, and its ompu! 

corresponding to a single frequency band; each output connect corresponding to an input 

of the CMLT, The A&M stage can have a plurality of outputs connected to and updating 

the parameters of the DBSPBs, and a plurality of inputs connected to either both outputs 

of the signal observation loop or the output of the subsampling loop and to outputs of the 

DBSPBs. The A&M stage can perfom1 signals' time alignment, reconstruction of signals 

and compute parameters of DBSPBs. 



Digital Multi-band Predistortion Linearizer with Non-linear Subsampling 

Algorithm in the fi'eedback Loop 

CROSS REfi'ERENCE TO RELATED APPLICATIONS 

[0001] This application is a Continuation of US Serial No. 13/274,290 filed October 

14, 2011 the entirety of which is incorporated herein by reference. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH 

[0002] Not Applicable. 

APPENDIX 

[0003] Not Applicable, 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

[0001] The present invention relates to multi-band digital predistortion linearization. 

RELATED ART 

[0002] Power-efficient, low-complex, and reconfigurable radio system requires the 

design of energy-efficient transmitter and receiver architectures. At the transmitter 

side, the power consumption is mainly dominated by the RF power amplification 

(PA) unit Generally, PAs are the most power consuming and the least power efficient 

components of the RP chain. Moreover, their nonlinear behavior and non-flat 

frequency response introduce unwanted intennodulation distortions into the system, 

which could significantly degrade the output signal quality. 

[0003] An efficient and proper approach to linearize the transmitter nonlinearities, 

including the frequency up-conversion and power amplification units, is digital 

predistortion (DPD) linearization technique. The DPD technique is based on 

developing a reverse model of the nonlinear behavior and predistorted the input 

signals accordingly in order to compensate for the distortions and nonlinearities 

introduced by the transmitter. 



[0004] in dual-band system, the nonlinear behavior of the device vvill introduce 

intermodulation, cross modulation, and harmonic products caused by the two 

fundamental signals. This can be extended to multi-band systems where more than 

two active signals are transmitted simultaneously. 

[0005] The linearization of multi-band transmitter is based on the digital predistortion 

linearization. The DPD technique compensates for the transmitter nonlinearity while 

operating in the high efficiency and nonlinear region. As an example presented here in 

this patent, two signal processing blocks are employed to deal and compensate for the 

unwanted distortions and intermodulation products of the dual-band transmitter. In the 

scenario of multi-band transmitter (dual-band or more) this processing architecture 

can be expanded to multiple processing block for linearization and distortion 

compensation of multi-band transmitter. 

[0006] In order to obtain samples of the signal from the output of the multi-band 

system, multi-branch or multi-band down converter is required in the feedback loop. 

This feedback loop can be developed using multi-band down conversion unit, multi­

branch down conversion unit, or using subsampling based down conversion unit 

[0007] In one case, an energy-efficient and low-complex subsampling receiver is 

adopted in the feedback loop of the multi-band linearization architecture. The 

subsarnpling receiver architecture is designed to concurrently down-convert the 

multiple RF signals through single receiver chain. Using subsampling technique 

simplifies the feedback loop topology, requires fewer number of RF components, and 

reduces the power consumption. 

[0008] Substituting the multi-band or multi-branch receiver feedback loop of the 

linearization topology with subsampling receiver architecture reduces the complexity 

of the system. The subsampling down conversion is not very common as receivers 

because of its insufficient performance in the presence of uncontrolled interfering 

signals. However, in the case of a DPD feedback loop, the problem is different and 

the interfering signals can be controlled such that they will not affect the signal 

quality. The different intermodulation, cross modulation and harmonic products make 

choosing the sampling frequency a complex task in order to avoid any overlap 

between the down-converted desired signals and their intermodulation and cross 

modulation products. Therefr)re, it is imperative to develop an algorithm to select the 

sampling frequency so that it takes into account all the possible frequencies such that 

the target signals will not be interfered with the undesired product terms. 
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SUMMARY OF THE INVENTION 

[0009] In one aspect of the present invention, a concurrent digital multi-band 

!inearizer compromises a baseband signal preprocessing block, the baseband signal

processing block including a digital predistortion unit; a signal up-conversion block, 

an RF power amplification block, the RF power amplification block including the 

concurrent multi-band power amplifier; and an RF power combining netvvork. 

[0010] In the description of the invention, a concurrent dual-band amplifier will be 

used. Jt is noted that a concurrent dual-band power amplifier which includes one 

amplification unit for two frequency bands may be considered in one sense a simple 

and special case of multi-band power amplifiers. 

[0011] In one aspect of the present invention, the feedback loop of the digital 

predistortion consists of multiple RF down-conversion units associated with each of 

the frequency band of operation. 

[0012] In another aspect of the present invention, a single feedback loop based on 

subsampling receiver technique is used to down-convert and extract the RF signals 

form all the frequency band at the same time. 

[0013] Further areas of applicability of the present invention will become apparent 

with reference to the following drawings, description and claims. It should be 

understood that the detailed description and specific examples, while indicating the 

preferred embodiment of the invention, are intended for purposes of illustration only 

and are not intended to limit the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The present invention will become more fully understood from the detailed 

description and the accompanying drawings, wherein: 

[0015] Figure l is a block diagram of the dual-band digital predistortion architecture 

according to an exemplary embodiment of the present invention. 

[0016] Figure 2 is an alternate embodiment illustrating a detailed block diagram of 

the architecture of Figure l, using subsampling based feedback loop. 

[0017] Figure 3 is one embodiment illustrating a detailed block diagram of the 

subsampling receiver architecture of Figure 2. 

[0018] Figure 4A is the fundamental signal representation at the input of the dual­

band transmitter. 

3 



[0019] Figure 4B is the fundamental signal representation at the output of the dual­

band transmitter and intermodulation terms at the output of the nonlinear transmitter. 

[0020] Figure 5 is dual-band RF signal and the frequency position of the subsampling 

harmonics. 

[0021] Figure 6 is a flowchart illustrating the steps of the execution of finding the 

possible subsampling frequencies. 

[0022] Figure 7A is the power spectrum of the predistortion results for 880 MHz, 

using dual-band digital prediction technique with dual-branch feedback loop. 

Spectrnms marked with circles are the output without linearization, those marked with 

diamonds are the output after linearization, and those marked with solid rectangles are 

the inputs signals. 

[0023] Figure 7B is the power spectrum of the predistortion results for 1978 MHz, 

using dual-band digital prediction technique with dual-branch feedback loop, using 

the same codes as described for Figure 7 A. 

[0024] Figure 8 is the Power spectrum of the output of the dual-band nonlinear 

transmitter including the two fundamental RF signals and their inter-modulation 

products and harmonics. 

[0025] Figure 9 is the Power spectrum of the captured signal using an ADC operating 

at 619.8 MHz sampling frequency. 

[0026] Figure l OA is the power spectrum of the predistortion results for 880 MHz. 

using dual-band digital prediction technique with subsampling feedback loop. 

[0027] Figure 1 OB is the power spectrum of the predistortion results for 1978 MHz, 

using dual-band digital prediction technique with subsampling feedback loop. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0028] The following description of the preferred embodiment(s) is merely exemplary 

in nature and is in no way intended to limit the invention, its application, or uses. 

[0029] Broadly, an embodiment of the present invention provides multiple branch 

digital predistortion linearization architecture and digital signal processing algorithms 

for impairments-free operation and linearized multi-band transmitter. 

[0030] Referring to Figure 1, the system block diagram of the dual-band linearization 

architecture l 00 is displayed. The input signals, x 1 and x2, 105 are fed into two 

distinct predistorters blocks 110. The predistorted signals 115 are converted from 
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digital to analog 120 and up-converted 125 to RF frequencies. Then the two RF 

signals are combined 130 and amplified by the power amplifier l 35. 

[0031] For digital predistortion linearization and identify the inverse model, the 

sample of the RF signal are captured using dual-band coupler 140. Then the RF 

signals are bandpass filtered 145, frequency down converted 150, digitized using 

analog-to-digital converters 155. The digital output samples 160, the input signals 105 

and predistorted signals 115 are used in the analyzing stage 165 for non! in ear model 

identification and reverse modeling. 

[0032] The feedback path of the dual-band linearizer requires the use of two down­

conversion stages 150, as well as bandpass filters 145 to remove most of the 

imperfections caused by the power amplifier. The predistorted inputs, X
p
ctl and x X

pct2, 

115 as well as the output of each band of the PA, y1 and Y2, 160 are used to generate 

the predistorter signal processing model 110. The processing model equations of the 

linearization processing algorithm 165 for prediction and compensation of the 

distortions and intermodulations is as follmvs: 

M--1 K·-·1 k j 

Xpd1(n) = I I I C1J,k,mX1(n - m)lx1(n - m)lk-jlx2(n - m)I
m=O k=O _i=O 

1\.1-1 K-1 k 1 

Xpd2(n) = I I I C2._;,k,mX2 (n - m)lx2(n - m)lk·-·ilx1(n - m)I
m�o k 0�0 )=00 

(1)

[0033] Where x1(n) and x2(n) are the input signals, X
p
di(n) and X

p
d2(n) are the 

predistorted signals to the input of the dual-band transmitter, ClJ,k,m and c2,j,k,rn are the 

indentified model's coefficients, and finally M is the order of the memory effect and K 

is the order of nonlinearity. 

[0034] Concurrent multi-band receiver architectures require a bandpass filter 145, 

down-conversion stage 150, and ADC 155 for the translation of each RF frequency 

bands to baseband. Using suhsampling with a high speed ADC allows the elimination 

of all these components; however, the user needs to make sure that the signals don't 

overlap in the subsampled spectral domain. 

[0035] Sampling multi-bands at the same time also eliminates the time delay taken 

between different band paths caused by the filters. Figure 2 displays the dual-band 
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predistortion architecture with a subsampling feedback loop 200. At the feedback 

loop, it consists of optional bandpass filters 245, a track and hold 250, an analog-to­

digital converter 255, a digital conversion unit 260, and analyzing stage 270. 

[0036] Sampling the band-limited RF signal at frequency rates much lower than the 

carrier frequency, but higher than signal bandwidth folds the RF signal to the lower 

frequencies, where these replicates of the RF signal at baseband or intermediate 

frequencies can be used to reconstruct the baseband signal. To make sure that there is 

no aliasing between the replicas, the subsampling rate should be chosen in the 

following range: 

2fu :5 ls :5 2fL where 1 � n � lluj 
n n-1 B 

fs 2:". 2 x B Nyquist rate 

(2) 

[0037] where .fi, and .fi; are the lower and upper frequencies of the band-limited RF 

signal, B =fu-fi_, is the signal bandwidth, and n is an integer value. 

[0038] Figure 3 shows a general block diagram of subsampling-based receiver 300. It 

consists of RF bandpass filter 305, low-noise amplifier (LNA) 310, subsampling 

receiver 345 including the track and hold (T&H) 320, and ADC 325 followed by 

baseband digital signal processing (DSP) unit 330. The T&H 320 is required to 

expand the analog bandwidth of the receiver and defines the RF range of receiver 

operation. The sampling clock of the T&H 320 and ADC 325 are chosen from (2) to 

avoid any aliasing with the other RF signals. 

[0039] In dual-band operation transmitter with nonlinearity, the first and second 

bands will produce intermodulation, cross modulation and ham10nic products. Figure 

4 shows the power spectrum of the input signal, and the output signal when passed 

through a third order nonlinear system. The input signals as two-tone signal around 

carrier frequencies of w1 and w2 (Figure 4(a)) the output signals are around carrier 

frequencies of w1 and w2 and the 3rd order intermodulation frequencies of 2 w1- w1 

and 2 wr w1 (Figure 4(b)). The unwanted intermodulation can be classified into three 

groups of cross-modulation, in-band intermodulation, and out-of-band 

intem1odulation tem1s. This latter is usually filtered out before transmission using RF 

filter to avoid signal quality degradation and interference with the signals at the 

adjacent channels. 

6 



[0040] Now considering two RF signals at carrier frequencies of w2 and w2, with their 

respective bandwidths Bl and B2 as shown in Figure 5, the subsampling frequency, 

fs, must be chosen to ensure that the two signals do not overlap in the subsampled 

domain. Taking into account the subsampling theorem for sampling the multi-band 

signals and following the neighbor and boundary constraints, an iterative process is 

used to find all the valid subsampling frequencies for the two fundamental 

frequencies. 

[0041] The, out-of-band intermodulation-modulation, and harmonics generated by the 

fundamental signals are not required for the predistortion application; therefore, an 

iterative subsampling algorithm has been developed to subsample the RF signals 

without any overlap with the other unwanted RF signals. Figure 6 is the flowchart of 

the developed iterative subsampling algorithm to find the valid subsampling 

frequencies so that the replicas of the wanted RF signals have no overlap with the 

harmonics and intermodulation frequency tem1s. 

[0042] Referring to Figure 7, there is shown the measured output spectrum of the 

dual-band transmitter 170 for three cases: 1) without using the dual-band digital pre­

compensator l I 0, 2) using the dual-band digital pre-compensator 110 3) the input 

signal. The output spectrum of case-2 with digital pre-compensator shows that the 

digital pre-compensator 110 can compensate for the cross-modulation and in-band 

inter-modulation terms introduced by the transmitter nonlinearity. 

[0043] Referring to Figure 8, there is an example of the power spectrum at the output 

of the concurrent dual-band nonlinear transmitter which contains two fundamental RF 

frequencies and their corresponding harmonics and inter-modulation products. 

[0044] As an example for the application of this invention, Figure 9, points up the 

power spectrum after the subsampling feedback loop which shows the two 

fundamental RF signals at 260.2 MHz and I 18.6 MHz when the subsampling 

frequency of 619.8 is used following is determination by the developed iterative 

subsampling algorithm illustrated in FIGURE 6. The spectrum in FigureE 9 shows 

that the harmonics and inter-modulation terms have no interference with the two 

desired fundamental signals. 
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[0045] Referring to Figure 10, there is shown the measured output spectrum of the 

dual-band transmitter 280 for three cases: 1) without using the dual-band digital pre­

compensator 210, 2) using the dual-band digital pre-compensator 210, 3) the input 

signal. The output spectrum of case-2 with digital pre-compensator shows that the 

digital pre-compensator 210 can compensate fi1r the cross-modulation and in-band 

inter-modulation terms introduced by the transmitter dynamic nonlinearity with 

memory effects. 
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Claims 

What is claimed is: 

1. A concurrent multi-band linearized transmitter comprising:

a concurrent digital multi-band predistortion block; 

a concurrent multi-band linearized transmitter connected to said concurrent 

digital multiband predistortion block. 

2. The concurrent multi-band linearized transmitter of claim 1, wherein said

concurrent digital multi-band predistortion block further comprises: 

a plurality of digital baseband signal predistorter blocks; 

an analyzing and modelling stage; and 

a signal observation feedback loop. 

3. The concurrent multi-band linearized transmitter of claim 2, wherein said

plurality of digital baseband signal predistorter blocks further comprises: 

a plurality of inputs, each input corresponding to a single frequency channel; 

a plurality of outputs, each output corresponding to a single frequency 

channel, and each output connected to an input of said concurrent multi-band 

transmitter. 

4. The concurrent multi-band linearized transmitter of claim 2, wherein said analyzing

and modeling stage further comprises: 

a plurality of outputs connected to and updating the parameters of said digital 

baseband signal predistorter block; 
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a plurality of inputs connected to both (a) said outputs of said signal 

observation feedback loop, and (b) to said outputs of said digital baseband signal 

predistorter blocks. 

5. The concurrent multi-band linearized transmitter of claim 2, wherein said

analyzing and modeling stage is further adapted to: 

perfom1 time alignment of complex baseband signals from sampling said 

outputs of said concurrent multi-band transmitter; and 

perform the reconstruction of the complex. baseband signals from sampling 

said outputs of said concurrent multi-band transmitter. 

6. The concurrent multi-band linearized transmitter of claim 2, wherein said

signal observation feedback loop further is further adapted to: 

down-convert samples of the RF signals at said output of the concurrent 

multi-band transmitter of claim l; and 

extract from said dmvn-converted samples a baseband equivalent for all 

frequency channels. 

7. The concurrent multi-band linearized transmitter of claim 2, wherein said

signal observation feedback loop further comprises for each channel an RF filter; 

A signal down conversion block; and 

an analog-to-digital converter (ADC). 

8. The concurrent multi-band linearized transmitter of claim 2, wherein said

signal observation feedback loop further comprises: 

a single subsampling-based receiver to down-convert samples output from a 

concurrent multi-band transmitter. 

10 



9. The concurrent multi-band linearized transmitter of claim 8, wherein said

single subsampling-based receiver further comprises: 

an RF filter; a track and hold (T &H) block; and an analog-to-digital convei1er 

(ADC)" 
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ABSTRACT 

A concurrent multi-band linearized transmitter (CMLT) has a concurrent digital 

multi-band predistortion block (CDMPB) and a concurrent multi-band transmitter 

(CMT) connected to the CDMPR The CDJ\tlPB can have a plurality of digital 

baseband signal predistorter blocks (DBSPBs), an analyzing and modeling (A&M) 

stage, and a signal observation feedback loop. Each DBSPB can have a plurality of 

inputs, each corresponding to a single frequency band of the multi-band input signal, 

and its output corresponding to a single frequency band; each output connect 

co1Tesponding to an input ofthe CML T. The A&M stage can have a plurality of 

outputs connected to and updating the parameters of the DBSPBs, and a plurality of 

inputs connected to either both outputs of the signal observation loop or the output of 

the subsampllng loop and to outputs of the DBSPBs. The A&M stage can perfonn 

signals' time alignment, reconstruction of signals and compute parameters of 

DBSPBs. 
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Application/Control Number: 14/467,642 
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The present application is being examined under the pre-AIA first to invent 

provisions. 

DETAILED ACTION 

Claim Rejections - 35 USC § 102 

Page 2 

The following is a quotation of the appropriate paragraphs of pre-AIA 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.

Claims 1 - 6 are rejected under pre-AIA 35 U.S.C. 102b as being anticipated by 

Suzuki et al (US 2005/0168283). 

Regarding claim 1, Suzuki et al teach a concurrent multi-band linearized 

transmitter comprising: a concurrent digital multi-band predistortion block (see figure 6, 

component 100); a concurrent multi-band linearized transmitter connected to said 

concurrent digital multi-band predistortion block (see figure 6). 

Regarding claim 2, which inherits the limitations of claim 1, Suzuki et al further 

teach wherein said concurrent digital multi-band predistortion block further comprises: a 

plurality of digital baseband signal predistorter blocks (see figure 6, component 100); an 

analyzing and modeling stage (see figure 6, component 31 )); and a signal observation 

feedback loop (see figure 6, feedback loop). 

Regarding claim 3, which inherits the limitations of claim 2, Suzuki et al further 

teach wherein said plurality of digital baseband signal predistorter blocks further 

comprises: a plurality of inputs (see figure 6), each input corresponding to a single 
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frequency channel (see figure 6); a plurality of outputs, each output corresponding to a 

single frequency channel, and each output connect to an input of said concurrent multi­

band transmitter (see figure 6). 

Regarding claim 4, which inherits the limitations of claim 2, Suzuki et al further 

teach wherein said analyzing and modeling stage further comprises: a plurality of 

outputs connected to and updating the parameters of said digital baseband signal 

predistorter block (see figure 6, component 31 ); and a plurality of inputs connected to 

both (a) said outputs of said signal observation feedback loop (see figure 6), and (b) to 

said outputs of said digital baseband signal predistorter blocks (see figure 6). 

Regarding claim 5, which inherits the limitations of claim 2, Suzuki et al further 

teach wherein said analyzing and modeling stage is further adapted to: perform time 

alignment of the complex baseband signals from sampling said outputs of said 

concurrent multi-band transmitter (see figure 6); and perform the reconstruction of the 

complex baseband signals from sampling said outputs of the said concurrent multi-band 

transmitter (see figure 6). 

Regarding claim 6, which inherits the limitations of claim 2, Suzuki et al further 

teach wherein said signal observation feedback loop is further adapted to: down-convert 

samples of the RF signals at said output of the concurrent multi-band transmitter of 

claim 1; and extract from said down-converted samples a baseband equivalent for all 

frequency channels (see figure 6 and paragraph 0028). 
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The following is a quotation of the appropriate paragraphs of pre-AIA 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.

Claims 1 - 9 are rejected under pre-AIA 35 U.S.C. 102(e) as being anticipated by 

Fuller (US 8,391,809). 

Regarding claim 1, Fuller teaches a concurrent multi-band linearized transmitter 

(see figure 1 and 2) comprising: a concurrent digital multi-band predistortion block (see 

figure 1, component 101); a concurrent multi-band linearized transmitter connected to 

said concurrent digital mulfiband predistortion block (see figure 1 ). 

Regarding claim 2, which inherits the limitations of claim 1, Fuller further teaches 

wherein said concurrent digital multi-band predistortion block (see figure 1 and 2) further 

comprises: a plurality of digital baseband signal predistorter blocks (see figure 1, 

components 102 - 106); an analyzing and modelling stage (see figure 1, conmpoennt 

108); and a signal observation feedback loop (see figure 1, Component 105, 108). 

Regarding claim 3, which inherits the limitations of claim 2, Fuller further teaches 

wherein said plurality of digital baseband signal predistorter blocks (see figure 1 )further 

comprises: a plurality of inputs, each input corresponding to a single frequency channel 

(see figure 1, plurality of inputs); a plurality of outputs, each output corresponding to a 



Application/Control Number: 14/467,642 

Art Unit: 2633 

Page 5 

single frequency channel, and each output connected to an input of said concurrent 

multi-band transmitter (see plurality of outputs Y1 (n) ... Ym(n) ). 

Regarding claim 4, which inherits the limitations of claim 2, Fuller further teaches 

wherein said analyzing and modeling stage further comprises: a plurality of outputs 

connected to and updating the parameters of said digital baseband signal predistorter 

block (see component 108 outputting plurality of coefficients and component 208 in 

figure 2); a plurality of inputs connected to both (a) said outputs of said signal 

observation feedback loop, and (b) to said outputs of said digital baseband signal 

predistorter blocks (see figure 1 and 2). 

Regarding claim 5, which inherits the limitations of claim 2, Fuller further teaches 

wherein said analyzing and modeling stage (see figure 2) is further adapted to: perform 

time alignment of complex baseband signals from sampling said outputs of said 

concurrent multi-band transmitter (see figure 2, component 242); and perform the 

reconstruction of the complex baseband signals from sampling said outputs of said 

concurrent multi-band transmitter (see figure 2). 

Regarding claim 6, which inherits the limitations of claim 2, Fuller further teaches 

wherein said signal observation feedback loop further is further adapted to: down­

convert samples of the RF signals at said output of the concurrent multi-band 

transmitter of claim 1 (see figure 2, component 230, or figure 1, component 130); and 

extract from said down-converted samples a baseband equivalent for all frequency 

channels (see figure 1 and 2). 
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Regarding claim 7, which inherits the limitations of claim 2, Fuller further teaches 

wherein said signal observation feedback loop further comprises for each channel an 

RF filter (see figure 2, component 246); A signal down conversion block (see figure 2, 

component 230, or figure 1, component 130); and an analog-to-digital converter (ADC) 

(see figure 2, component 244). 

Regarding claim 8, which inherits the limitations of claim 2, Fuller further teaches 

wherein said signal observation feedback loop further comprises: a single subsampling­

based receiver to down-convert samples output from a concurrent multi-band 

transmitter (see figure 2, component 244). 

Claim Rejections - 35 USC § 103 

The following is a quotation of pre-AIA 35 U.S.C. 103(a) which forms the basis 

for all obviousness rejections set forth in this Office action: 

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

Claims 7 - 9 are rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable 

over Suzuki et al (US 2005/0168283). 

Regarding claim 7, Suzuki et al does not expressly teach a single down 

conversion block. However using single down conversion block is within the scope of 

one of ordinary skilled in the art. 
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subsampling receiver. However using single subsampling receiver is within the scope of 

one of ordinary skilled in the art. 

Claim 9 is rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable over 

Fuller (US 8,391,809). 

Regarding claim 9, which inherits the limitations of claim 2, Fuller et al further 

teaches wherein said single subsampling-based receiver further comprises: an RF filter 

(see figure 2, component 246); and an analog-to-digital converter (ADC) (see figure 2, 

component 244). Fuller is silent on a track and hold (T&H) block. However using a track 

and hold (T&H) block is within the scope of one of ordinary skilled in the art. At the time 

the invention was made, it would be obvious to an ordinary skilled in the art to a track 

and hold (T&H) block in Fullers predistortion system. Applicant has not disclosed that a 

track and hold (T&H) block provides an advantage, is used for a particular purpose, or 

solves a stated problem. Therefore it would be obvious to an ordinary skilled in the art to 

modify Fuller to obtain the inventions as specified in claim 9. 

Conclusion 

Examiner's Note: Examiner has cited particular columns and line numbers in the 

references applied to the claims above for the convenience of the applicants. Although 

the specified citations are representative of the teachings of the art and are applied to 

specific limitations within the individual claim, other passages and figures may apply as 
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well. It is respectfully requested from the applicants in preparing responses, to fully 

consider the references in their entirety as potentially teaching all or part of the claimed 

invention, as well as the context of the passage as taught by the prior art or disclosed 

by the Examiner. 

In the case of amending the claimed invention, Applicant is respectfully 

requested to indicate the portion(s) of the specification which dictate(s) the structure 

relied on for proper interpretation and also to verify and ascertain the meets and bounds 

of the claimed invention. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to JAISON JOSEPH whose telephone number is (571 )272-

6041. The examiner can normally be reached on M-F 9:00 - 5:30. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Sam K. Ahn can be reached on (571) 272-3044. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant(s): 

A .. ssignee: 

Title: 

Serial No.: 

Examiner: 

Docket No.: 

Dear Sir: 

Fadhei M. Ghannouchi et al 

DIGITAL l\!HJLTI-BAND PREDISTORION LINEARIZER \\TITH 
NONLINEAR SUBSAlVIPLING ALGORITHMS IN THE IN THE 
FEEDBACK LOOP 
14/467,642 

Joseph, faison 

4207-113 

Filing Date: 08/25/2014 

Group Art Unit: 263 3 

Customer No.: 43563 
Confirmation No. 1866 

November 19, 2015 

RESPONSE TO OFFICE ACTION 

This is in response to the Office Action dated 06/19/2015. Please consider the following; 

Amemlments to the Claims are reflected in the Listing of Claims which begins on 

page 2; 

Remarks begin on page 7. 
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Amendments To The Claims 

Lis,ting of Cfo tms 

This Listing of Claims ,vil l replace all prior versions, and listings of clairns in the 

application: 

a JX.i\.VCf ,anwHfier configured. to_ an1J;tlif�, a __ 1nodnlatG.l__t(nKurrent_muhi ... l,and_ sign��!_ t9 

provick_an_mnp!ificd_concurrenunulti-band_signnl; 

a concurrent digital multi-band predistortion block __ qc11:ifig�tt\)�Ll:tL\\Uh:LP.t\\li;;JpJJi.Qn.nJ 

tl·1c fYjiV� •1 l •'.l i;c,d l'.P1V'-'1f··l'"�l1f ,�, H lti' .. f)q n,-l s; <)'')''I i',·) C<::P" n<'!1 ,:, . .i,, t1•·)r :'< !),".)J1 ••l l l''"'•0ll'' ! V () f t·l·.,,, jlfY"VPj' �-.... ___ , ........ ,- , , ... �!-";,, .. - ... �'--�·'!"''-..} .. .:-::,· ... , . .. �-1 .......... .:-,· ... , ,_ .. !...f .. t'!-� ................. S .. �,-� .. �,�- .. '"·.lb�.�<.� ........ � .. � ....... ,..,-�-.. �l��<�-'- ,.:,..,{-� .. ,.., .. .. � ....... · .. • .... '<;.•> .... !.}'·- ... . · ......... , -�'· (. ,.,}
..,
..,·: .... ·

,.
..,..,· ·.?

..,
.....,, ·. · ... · .... � .. - .. �, •,

rnnpiifier;_and 

a signal observation feedback_loop, configured, to ,effect _concurrent.sampling of the 

arnpiificd_ccnK:i)n-ent_mu!li--band_ signal. 

a-:eoncurrem-inu1%i--hrtnd-lbtt¾lti1,ed-tfnH�,i11lt!tf--1XHtnt�ctea--ru-s-a-i<l-eorH:>Hn'enhlhti-h.iJ 
!,,,,' 

2. (Currently arnended)The ,,.Xt!H>ttt'fe-n-t-nci-uki.,band--!-inetld·►:,etftransmitter of claim 1, wherein

said concurrent digital multi-band predistortion block further comprises: 

a plurality of digital baseband signal predistorter blocks,_ cach .. h,tS0band signal 

prcdistorter __ block_haviug_ a plnn:tlity _of first_input,,,_ nnd __ a_singk).outpnt, .ihe_plurulitv of flr':ll_inputs 

corresponding_ in.number_ to _the_ multiple_ bands_ of the_rnulti-band, transmitter_and __ each_first)nput 

correspcmding__to_a_slngli:,_frcqu(�n(:\v_dumn<:d.�� 

3. (Currently amended)The (�ti-ne·tH'l'&l)-(fffHl+i--hand-Hn:1:.•rH'l·Z'e•J-transmitter of claim 2, wherein

said_i..:011eurrrnt_ digit�t!__niuhi-bNnd predimonion_blo1.;:k_furthcr_i:.:ompris::;)s: 

a,pluralitv _of digital __ baseband_signai_predistorter_blocks, __ eachJmseband_signal 

predistort1.T. h!ock_.Jrnvilw. a_plurnlitv _(if_fii·st_inputs_nnd_ a.single_ Oli1Jit1t, tlK: pluralitv of first input:.-, 

corrnspondingjn_nnmher to _the multiple_ b<rnds_ of the _1:nultl-band_ transmitter _wH.I_ c.��H.:h_ first _inpi.n 
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corresponding_ to __ a_single freq uencv channel am! _wherein the _signal observation Jeedback)oop 

inelu.:ksun_am1!vzing and __ modclill!;L�'.q,g_e directl_y_connected_hl_ (.�uch_ of the_p\un�lity qf ontputs qf 

said_ digila!__mu!ti�band_predistorth)nJ1lo�:k _ lbr rtcci vi.ng_ thc __ n:;$pcctivepn:.'.distork_:d _si gnaL _and 

tbr_qsing snid_rc(eivcd_predisH}r(�d _sigrrnls _in_ controlling said digital_ mui ll�band_pffdlstcirt!on 

hL9.i,;h_J!,ml.Y?ht\\?cinslti-d--p-lnHllhy·f'�,fdtgita-1--h-aS:e-lx1.Hd--,s-Ig-n-al--prtdh;u.1rte-r-hlutik�,--fHrtht11'-{,fllHfWi-se,<:,, 

i.t·p¾Hl'Hf!ty-{tf.inpuf1-;.--t�a-ch-+np1crl-'Ct'l-rn�spocn{llng--hi- H-,"i:J,nglt�+ftiqt1f1l'Kiy·{JWnt1:t+.' 

H-j:JHr01-i+y�)f.(Ht!'1'-'Htb,-t1H:e-h,-fttttput--{�1�Jffi�istK'H1-dh\g:-tri-a-s-ing-lt.!-·11=eq-tie-JH>Y,-l;}htt1i-nd-,--mKlt!ftCh--i;H1tptll

tonnft·:tecl--t'<)-nn--i-npt1t:-fi-ft,aid--t,{'1nt:l!ffeHt---HiHtti-han-d-+1'tHtstntHtW·-·

4. (Currently amended)The c+mi,c'H<'ftiHHm,1-l+i-hat1_-d--ti-n:t�Hrl1/:Ni-transmitter of c4ai-n=i--:?s,Jgjn1J.,

wherein said analyzing and modeling stage further comprises:

a plurality of outputs connected to and for updating the parameters of said digital 

baseband signal predistorter block; 

a plurality of inputs connected to bot:h-{a}-said outputs of said signal observation feedback 

loopi·t11it!--(h}-H'lc·-Said--nH1p-Ht-s-nf:finid-tliJ{i-ta+-hw,di-in:id-,�:;ignH4--pre4itlkwt-ef--hk"-e-b:-� 

5. (Currently amended)The t,Hn{:,�!ft{�ti+-crn-uH;+�and--Hti�Hi'tl�id--transmitter of 0k1:in1--2dnLmJ_,

vvherein said analyzing and modeling stage is further a-dapted-.,-;.gnfigw:td_to;

perform time alignment of complex baseband signals from sampling said outputs of said 

,;_,-o-n,;_,unsenHnuhi---htmd-+n�-n-sn:1i-H-erpo\vt�r_arr(_plificr; and 

perform the reconstruction of the complex baseband signals from sampling said outputs 

of said 0nnt:tirrt.�Ht-trlH-Hi�hnnfl+niilsrni-H�ffp(nve r amp! ificr. 

6. (Currently amended)The Ntnt,lfl'l'tnHm-1:h1---btttH:f-H-nem49'.'eJ-transmitter of claim 2, wherein

said signal observation foedback loop further is further adapted f:QHEK!,fff�f�Jo:

down-convert samples of the RF signals at said output of the e<�·H('ttl'feRHlnt!tl-•lxmd 

tra-nf:<m1Uer-(i-f-e,bhn--l_povver arnplificr; and 

extract from said down-converted samples a baseband equivalent for an frequency 

channels. 
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7, (Currently amended)The (�{HW·Hfl\�n+--niu!li-,harKl-:Hn,,};J1'tt:&:!"tTansmitter of claim 2, vvherein 

said signal observation feedback loop further comprises for each channel an RF filter; 

A --f!._signal down conversion block; and 

an analog-to-digital converter (ADC). 

8, (CmTently amended)The �;1;,,n:f,m'1\m·H1ntlt,i,:ht.i:mH-i·n{>.fl:ft'led-·transmitter of claim 2, wherein 

said signal observation feedback loop further comprises: 

a single subsampling-based receiver to down-convert samples output from a concurrent 

multi-band transmitter. 

9, (Currently amended)The (N,\!Wttrl'(�tHnuki-hi:11iiJ--knt�lf+:7:ed4ransmitter of claim 8, wherein 

said single subsampling-based receiver further comprises: 

an RF filter; a track and hold (T &H) block; and an analog-to-digital converter (ADC). 
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RElVlARKS 

Claims 1-9 has been amended to better define the subject matteL 

No new matter has been added. 

Claim Rejections - 35 lJSC § 102 

1. Claims 1-6 are rejected under 35 U.S.C. 102b as being anticipated by Suzuki.

Independent claim 1 has been amended to recite amongst others the features of "a signal 

observation feedback loop configured to effect £Oncurrent smn!1!ltIB2f the amplified concurrent multi-­

band signal"., . 

In the Action reference is made to figure 6 of Suzuki as showing a predistortion block 100 and 

signal observation feedback loop with an analyzing and modeling stage ( component 31 ). 

Applicant has reviewed the referenced sections, and indeed the entirety of Suzuki, and cannot 

find teachings or suggestion of the "a signal observation feedback loop configured to effect £W1Q:m:rnnl: 

gm1p!ing of the ampHfi���Lfill1fHmmt nm!ti-ba11ct5.!g111l". The sampling disclosed in FIG.6 of Suzuki 

is indicated by referenced ADC components 29I and 29Q, Applicant submits that these are 

simply sampling of quadrature components of a pilot signal. For example Suzuki coL8, lines 1-5 

state "The signal detector 28 detects a pilot signal and outputs an in-phase cornponent (I signal) and a 

quadrature component (Q signal). These signals are conveiied by analog-to-digital conveiiers (ADC) 291 

and 29Q to digital signals, which are applied to the contro ller 31 ". Accordingly Suzuki does not teach or 

suggest "a signal observation feedback loop configured to effect concurrent SHmplin.g,of the nnwtifhxi 

toncurrent_nmltl .. hand_signal". Suzuki cannot anticpate claim 1 as amended nor claims 2-9 

dependent thereon. /\ccordingly the rejection of claims 1-6 under 35 U.S.C. 102(b) is overcome. 

Withdrawal of the rejection is requeste,l 

11. Claims 1-9 are rejected under 35 U.S.C. 102e as being anticipated by Fuller_

]?uUer does not teach or suggest a �a signal observation feedback loop configured to effect s;_q,n_o;:m:rgnJ 

sampling_ofth()_amplified_conc.tirrent_inulti-,l))'HJd.signal" as recited in amended claim l. As shown in 

Figure 1 and Figure 2 of Fuller th e feedback signals are mixed to select a particular frequency (See mixer 
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J 30 (Fig. i) and Mixer 230 (Fig. 2)), This is not '\'&05\WitBLi?i'\!l:1PHJ:ig _ _,:.)f1ht_<c)JWlHfi�tLfi}lJJJ!IIlo1Aiml1ti:::

h1rn.d:.iiim:rnJ". Accordingly applicant submits that for at least the above reason claim 1 is 

patentable over Fuller and the rejection of claim 1 and claims 2-9 dependent thereon is 

overcome, \Vithdrmval of the rejection is requested. 

Claim Rejections - 35 USC § 103 

L Claims 7-9 are rejected under 35 U.S.C. 103a as being unpatentable over Suzuki .. 

Based on at least the above discussion Applicant submits that amended independent clairn 1 is 

allowable over Suzuki, therefore claims 7-9 which depend thereon are also allowable, rendering 

the rejection moot Withdrawal of the rejection is requested. 

11. Claim 9 is rejected under 35 U.S.C. 103a as being unpatentable over Fuller.

Based on at least the above discussion Applicant submits that mnended independent claim 1 is 

allowable over Fuller, therefore claim 9 which depends thereon is also allowable, rendering the 

rejection moot Withdrawal of the rejection is requested. 

CONCLUSION 

In view of the amendments and remarks set forth herein, the application is believed to be 

in condition for allov,,;ance and a notice to that effect is solicited. Nonetheless, should any issues 

remain that might be subject to resolution through a telephonic intervie\v, the examiner is 

requested to telephone the undersigned at. 
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1foftat & Co. 
Macera & J arzyna 
427 Laurier Ave \V. 
Suite 1200 
Ottawa, Ontario, Canada 
KlR 7Y2 
(613) 232-7302
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The present application is being examined under the pre-AIA first to invent 

provisions. 

DETAILED ACTION 

Claims 1 - 9 were pending in the instant application. 
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With amendment filed on November 19, 2015, Applicant has amended claims 1 - 9. 

Claims 1 - 9 are pending in the application. 

Response to Arguments 

Applicant's arguments with respect to claims 1- 9 have been considered but are 

moot because the arguments do not apply to any of the references being used in the 

current rejection. 

Regarding independent claims, Applicant's arguments directed toward newly 

amended limitations which was not present in the previous rejection. Furthermore newly 

made amendments have changed the scope of the claims. However, upon further 

consideration, a new ground(s) of rejection is made in view of Suzuki et al (US 

2005/0162225). 

Claim Rejections - 35 USC § 102 

The following is a quotation of the appropriate paragraphs of pre-AIA 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.
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Regarding claim 1, Suzuki et al teach a transmitter comprising: a power amplifier 

configured to amplify a modulated concurrent signal to provide an amplified concurrent 

multiband signal (see figure 5, power amplifier 28); a concurrent digital multi-band 

predistortion block configured to effect predistortion of the modulated concurrent 

multiband signal to compensate for a non-linearity of the power amplifier (see paragraph 

0002 and 0026); and a signal observation of feedback loop configured to effect 

concurrent sampling of the amplified concurrent multi-band signal (see figure 5). 

Claim 1, 2, and 6 - 8 are rejected under pre-AIA 35 U.S.C. 102(e) as being 

anticipated by Fuller et al (US 8,391,809). 

Regarding claim 1, Fuller teaches a transmitter comprising: a power amplifier 

configured to amplify a modulated concurrent signal to provide an amplified concurrent 

multiband signal (see figure 1, power amplifier 112); a concurrent digital multi-band 

predistortion block configured to effect predistortion of the modulated concurrent 

multiband signal to compensate for a non-linearity of the power amplifier (see figure 1, 

component 101 ); and a signal observation of feedback loop configured to effect 

concurrent sampling of the amplified concurrent multi-band signal (see figure 1, 

feedback). 

Regarding claim 2, which inherits the limitations of claim 1, Fuller further teaches 

wherein said concurrent digital multi-band predistortion block further comprises: a 
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plurality of digital baseband signal predistorter blocks (see figure 1, component 101) 

each baseband signal predistorter block having plurality of first inputs and a single 

output (see figure 1, component 101); the plurality of first inputs corresponding in 

number to the multiple bands of the multi-band transmitter and each first input 

corresponding to a single frequency band (see figure 1 ). 

Regarding claim 6, which inherits the limitations of claim 2, Fuller further teaches 

wherein said signal observation feedback loop further is further adapted to: down­

convert samples of the RF signals at said output of the concurrent multi-band 

transmitter of claim 1 (see figure 2, component 230, or figure 1, component 130); and 

extract from said down-converted samples a baseband equivalent for all frequency 

channels (see figure 1 and 2). 

Regarding claim 7, which inherits the limitations of claim 2, Fuller further teaches 

wherein said signal observation feedback loop further comprises for each channel an 

RF filter (see figure 2, component 246); A signal down conversion block (see figure 2, 

component 230, or figure 1, component 130); and an analog-to-digital converter (ADC) 

(see figure 2, component 244). 

Regarding claim 8, which inherits the limitations of claim 2, Fuller further teaches 

wherein said signal observation feedback loop further comprises: a single subsampling­

based receiver to down-convert samples output from a concurrent multi-band 

transmitter (see figure 2, component 244). 
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The following is a quotation of pre-AIA 35 U.S.C. 103(a) which forms the basis 

for all obviousness rejections set forth in this Office action: 

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

Claims 2, 6 - 9 are rejected under pre-AIA 35 U.S.C. 103(a) as being 

unpatentable over Suzuki et al (US 2005/0162225) in view of Fuller et al (US 

8,391,809). 

Regarding claim 2, which inherits the limitations of claim 1, Suzuki et al further 

teach wherein said concurrent digital multi-band predistortion block further comprises: a 

plurality of digital baseband signal predistorter blocks (see figure 5). Suzuki et al does 

not expressly disclose having plurality of inputs to each of the predistorion block. 

However in analogous art, Fuller et al teach a concurrent multiband predistorion 

transmitter comprise concurrent digital multi-band predistortion block further comprises: 

a plurality of digital baseband signal predistorter blocks (see figure 1, component 101) 

each baseband signal predistorter block having plurality of first inputs and a single 

output (see figure 1, component 101); the plurality of first inputs corresponding in 

number to the multiple bands of the multi-band transmitter and each first input 

corresponding to a single frequency band (see figure 1 ). Therefore it would have been 

obvious to an ordinary skilled in the art at the time the invention was made to 
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Regarding claim 6, which inherits the limitations of claim 2, Suzuki et al in view of 

Fuller further teach wherein said signal observation feedback loop further is further 

configured to: down-convert samples of the RF signals at said output of the power 

amplifier and (see Suzuki figure 5 and Fuller figure 1) extract from said down-converted 

samples a baseband equivalent for all frequency channels (see Suzuki figure 5 and 

Fuller figure 1 ). 

Regarding claim 7, which inherits the limitations of claim 2, Suzuki et al in view of 

Fuller further teach wherein said signal observation feedback loop further comprises for 

each channel an RF filter (see Suzuki figure 5 and Fuller figure 1 and difference is 

within the scope of one of ordinary skilled in the art); a signal down conversion block 

(see Fuller figure 1); and an analog-to-digital converter (ADC) (see Suzuki figure 5 and 

Fuller figure 1 ). 

Regarding claim 8, which inherits the limitations of claim 2, Suzuki et al in view of 

Fuller further teach wherein said signal observation feedback loop further comprises a 

single subsampling- based receiver to down-convert samples output from a concurrent 

multi-band transmitter (see Fuller figure 2, component 244). 

Regarding claim 9, which inherits the limitations of claim 8, Suzuki et al in view of 

Fuller teaches wherein said single subsampling-based receiver further comprises: an 

RF filter (see figure 2, component 246); and an analog-to-digital converter (ADC) (see 

figure 2, component 244). Fuller is silent on a track and hold (T&H) block. However 
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using a track and hold (T&H) block is within the scope of one of ordinary skilled in the 

art. At the time the invention was made, it would be obvious to an ordinary skilled in the 

art to a track and hold (T&H) block in Fullers predistortion system. Applicant has not 

disclosed that a track and hold (T&H) block provides an advantage, is used for a 

particular purpose, or solves a stated problem. Therefore it would be obvious to an 

ordinary skilled in the art to modify Fuller to obtain the inventions as specified in claim 9. 

Claim 9 is rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable over 

Fuller (US 8,391,809). 

Regarding claim 9, which inherits the limitations of claim 2, Fuller et al further 

teaches wherein said single subsampling-based receiver further comprises: an RF filter 

(see figure 2, component 246); and an analog-to-digital converter (ADC) (see figure 2, 

component 244). Fuller is silent on a track and hold (T&H) block. However using a track 

and hold (T&H) block is within the scope of one of ordinary skilled in the art. At the time 

the invention was made, it would be obvious to an ordinary skilled in the art to a track 

and hold (T&H) block in Fullers predistortion system. Applicant has not disclosed that a 

track and hold (T&H) block provides an advantage, is used for a particular purpose, or 

solves a stated problem. Therefore it would be obvious to an ordinary skilled in the art to 

modify Fuller to obtain the inventions as specified in claim 9. 

Double Patenting 
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The nonstatutory double patenting rejection is based on a judicially created 

doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 

unjustified or improper timewise extension of the "right to exclude" granted by a patent 

and to prevent possible harassment by multiple assignees. A nonstatutory double 

patenting rejection is appropriate where the claims at issue are not identical, but at least 

one examined application claim is not patentably distinct from the reference claim(s) 

because the examined application claim is either anticipated by, or would have been 

obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 

1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 

1993); In re Langi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 

686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 

(CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321 (c) or 1.321 (d) 

may be used to overcome an actual or provisional rejection based on a nonstatutory 

double patenting ground provided the reference application or patent either is shown to 

be commonly owned with this application, or claims an invention made as a result of 

activities undertaken within the scope of a joint research agreement. See MPEP § 

717.02 for applications subject to examination under the first inventor to file provisions 

of the AIA as explained in MPEP § 2159. See MPEP §§ 706.02(1)(1) - 706.02(1)(3) for 

applications not subject to examination under the first inventor to file provisions of the 

AIA. A terminal disclaimer must be signed in compliance with 37 CFR 1.321 (b). 
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The USPTO Internet website contains terminal disclaimer forms which may be 

used. Please visit www.uspto.gov/forms/. The filing date of the application in which the 

form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or 

PTO/AIA/26) should be used. A web-based eTerminal Disclaimer may be filled out 

completely online using web-screens. An eTerminal Disclaimer that meets all 

requirements is auto-processed and approved immediately upon submission. For more 

information about eTerminal Disclaimers, refer to 

http://www.uspto.gov/patents/process/file/efs/guidance/eTD-info-l.jsp. 

Claims 1 - 9 are rejected on the ground of nonstatutory double patenting as 

being unpatentable over claims 1 - 9 of U.S. Patent No. 8,817,859. Although the claims 

at issue are not identical, they are not patentably distinct from each other because 

claims 1 - 9 of the instant application merely broadens the scope of the claims 1 - 9 of 

the patent by eliminating the elements and their functions of claims 1 - 9 of the patent. 

Therefore, it would be obvious to one having ordinary skill in the art at the time the 

invention was made to realize that the both invention to provide a transmitter 

comprising: a power amplifier configured to amplify a modulated concurrent signal to 

provide an amplified concurrent multi band signal; a concurrent digital multi-band 

predistortion block configured to effect predistortion of the modulated concurrent 

multiband signal to compensate for a non-linearity of the power amplifier; and a signal 

observation of feedback loop configured to effect concurrent sampling of the amplified 

concurrent multi-band signal . It has been held that the omission an element and its 

function is an obvious expedient if the remaining elements perform the same function as 
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before. In re Karlson, 136 USPQ 184 (CCPA). Also note Ex parte Rainu, 168 USPQ 375 

(Bd.App.1969); omission of a reference element whose function is not needed would be 

obvious to one skilled in the art. 

Regarding claim 1, claims 1 of the Patent recites all the limitations of claim 1 of 

the instant application. 

Regarding claim 2, claim 2 of the Patent recites all the limitations of claim 2 of the 

instant application. 

Regarding claim 3, claim 3 of the Patent recites all the limitations of claim 3 of the 

instant application. 

Regarding claim 4, claim 4 of the Patent recites all the limitations of claim 4 of the 

instant application. 

Regarding claim 5, claim 5 of the Patent recites all the limitations of claim 5 of the 

instant application. 

Regarding claim 6, claim 6 of the Patent recites all the limitations of claim 6 of the 

instant application. 

Regarding claim 7, claim 7 of the Patent recites all the limitations of claim 7 of the 

instant application. 

Regarding claim 8, claim 8 of the Patent recites all the limitations of claim 8 of the 

instant application. 

Regarding claim 9, claim 9 of the Patent recites all the limitations of claim 9 of the 

instant application. 
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Examiner's Note: Examiner has cited particular columns and line numbers in the 

references applied to the claims above for the convenience of the applicants. Although 

the specified citations are representative of the teachings of the art and are applied to 

specific limitations within the individual claim, other passages and figures may apply as 

well. It is respectfully requested from the applicants in preparing responses, to fully 

consider the references in their entirety as potentially teaching all or part of the claimed 

invention, as well as the context of the passage as taught by the prior art or disclosed 

by the Examiner. 

In the case of amending the claimed invention, Applicant is respectfully 

requested to indicate the portion(s) of the specification which dictate(s) the structure 

relied on for proper interpretation and also to verify and ascertain the meets and bounds 

of the claimed invention. 

Applicant's amendment necessitated the new ground(s) of rejection presented in 

this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 

§ 706.07(a). 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 
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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 date of this final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to JAISON JOSEPH whose telephone number is (571 )272-

6041. The examiner can normally be reached on M-F 9:00 - 5:30. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Sam K. Ahn can be reached on (571) 272-3044. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/JAISON JOSEPH/ 
Primary Examiner, Art Unit 2633 
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Doc code: RCEX PTOISBl30EFS (07-09) 

Doc description: Request for Continued Examination (RCE) Approved tor use through 0713112012. OMB 0651-0031 

U.S. 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 0MB control number. 

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL 

(Submitted Only via EFS-Web) 

Application t4467642 I Filing I �014-08-25 Docket Number f207-113 I Art I F633 Number Date {if applicable) Unit 
First Named Fadhel M. GHANNOUCHI Examiner �oseph, Jaison IInventor Name 

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application. 
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8,
1995, or to any design application. The Instruction Sheet for this form is localed at WWW.USPTO.GOV 

SUBMISSION REQUIRED UNDER 37 CFR 1.114 

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order 
in which they were filed unless applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s)
entered, applicant must request non-entry of such amendment(s). 

□
Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a
submission even if this box is not checked. 

D Consider the arguments in the Appeal Brief or Reply Brief previously filed on 

D Other 

� Enclosed 

� Amendment/Reply 

□ Information Disclosure Statement (IDS)

□ Affidavil(s)/ Declaration(s)

□ other

MISCELLANEOUS 

□
Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a period of months
(Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required) 

□ Other

FEES 

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed. 
□ The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to

Deposit Account No 

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED 

X Patent Practitioner Signature 

Applicant Signature 

EFS - Web 2.1.15 



Doc code: RCEX PTOISBl30EFS (07-09) 
Doc description: Request for Continued Examination (RCE) Approved tor use through 0713112012. OMB 0651-0031 

Signature 

Name 

U.S. 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 0MB control number. 

Signature of Registered U.S. Patent Practitioner 

'Kevin Pillay/ Date (YYYY-MM-DD) �016-05-17 

Kevin Pillay Registration Number 41559 

I 

This collection of information is required by 37 CFR 1.114. The information is required to obtain or retain a benefit by the public which is to 
file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is 
estimated to take 12 minu1es to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time 
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for 
reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademari< Office, U.S. Department of Commerce, 
P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2 .  

EFS - Web 2.1.15 



Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be 
advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b )(2); (2) furnishing of the information 
solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office 
is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information
Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the

Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need
for the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization,
pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may
be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 

enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 

EFS - Web 2.1.15 



PTO/SB/22 (03-13) 
Approved for use through 3/31/2013. 0MB 0651-0031 

U.S. 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 displays a valid 0MB control number. 

Docket Number (Optional) 

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) 
4207-113

Application Number 
14467642 I 

Filed 08/25/2014
For 

Digital Multi-band Predistortion Linearizer with nonlinear subsampling algorithm in the Feedback Loop 

Art Unit 
2633 I 

Examiner Joseph' Jaison
This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above-identified application. 

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below): 

Fee Small Entit:t Fee Micro Entit:t Fee 

□ One month (37 CFR 1.17(a)(1)) $200 $100 $50 $ 

0 Two months (37 CFR 1.17(a)(2)) $600 $300 $150 $ 300.00 

□ Three months (37 CFR 1.17(a)(3)) $1,400 $700 $350 $ 

□ Four months (37 CFR 1.17(a)(4)) $2,200 $1,100 $550 $ 

□ Five months (37 CFR 1.17(a)(5)) $3,000 $1,500 $750 $ 

□ Applicant asserts small entity status. See 37 CFR 1.27.

□
Applicant certifies micro entity status. See 37 CFR 1.29.
Form PTO/SB/15A or B or equivalent must either be enclosed or have been submitted previously. 

□ A check in the amount of the fee is enclosed.

□ Payment by credit card. Form PTO-2038 is attached. 

□ The Director has already been authorized to charge fees in this application to a Deposit Account.

□ The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to
Deposit Account Number

0 Payment made via EFS-Web. 

WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide 

credit card information and authorization on PTO-2038. 

I am the 

□ applicant/inventor. 

□ assignee of record of the entire interest. See 37 CFR 3. 71. 37 CFR 3. 73(b) statement is enclosed (Form PTO/SB/96). 

0 attorney or agent of record. Registration number 41559

□ attorney or agent acting under 37 CFR 1.34. Registration number

/Kevin Pillay/ May 17, 2016 
Signature Date 

Kevin Pillay 613 232-7302 
Typed or printed name Telephone Number 

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. Submit 
multiple forms if more than one signature is required, see below*. 

G * Total of 1 forms are submitted. 
This collection of information Is required by 37 CFR 1.136(a). The information Is required to obtain or retain a benefit by the public, which Is to file (and by the 

USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 6 minutes to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 

comments on the amount of time you require to complete this form and/or suggestions for reducing this burden should be sent to the Chief Information Officer, 
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS 

TO THIS ADDRESS. SEND TO: Commissioner for Patents, P .0. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 



Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements of 

the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) 
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the 

U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or 
patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 

process and/or examine your submission, which may result in termination of proceedings or abandonment of the 

application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the

Freedom of Information Act.
2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence

to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from

the Member with respect to the subject matter of the record.
4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having

need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of

records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.

218(c)).
7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General

Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority of

44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such

disclosure shall not be used to make determinations about individuals.
8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of

the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record

was filed in an application which became abandoned or in which the proceedings were terminated and which
application is referenced by either a published application, an application open to public inspection or an issued

patent.
9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law

enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.



Electronic Patent Application Fee Transmittal 

Application Number: 14467642 

Filing Date: 25-Aug-2014

Title of Invention: 
DIGITAL MULTI-BAND PREDISTORTION LINEARIZER WITH NONLINEAR 
SUBSAMPLING ALGORITHM IN THE FEEDBACK LOOP 

First Named Inventor/Applicant Name: Fadhel M. GHANNOUCHI 

Filer: Kevin Pillay 

Attorney Docket Number: 4207-113 

Filed as Small Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 



Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension - 2 months with $0 paid 2252 1 300 300 

Miscellaneous: 

Request for Continued Examination 2801 1 600 600 

Total in USO($) 900 



Electronic Acknowledgement Receipt 

EFSID: 25806074 

Application Number: 14467642 

International Application Number: 

Confirmation Number: 1866 

Title of Invention: 
DIGITAL MULTI-BAND PREDISTORTION LINEARIZER WITH NONLINEAR 
SUBSAMPLING ALGORITHM IN THE FEEDBACK LOOP 

First Named Inventor/Applicant Name: Fadhel M. GHANNOUCHI 

Customer Number: 43563 

Filer: Kevin Pillay 

Filer Authorized By: 

Attorney Docket Number: 4207-113 

Receipt Date: 17-MA Y-2016

Filing Date: 25-AUG-2014

Time Stamp: 18:09:31 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Credit Card 

Payment was successfully received in RAM $900 

RAM confirmation Number 5066 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 



File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 

Number Message Digest Part /.zip (if appl.) 

348571 

1 
Amendment Submitted/Entered with 4207-113_2016-03-17 _RespFO 

8 
Filing of CPA/RCE A2.pdf 

no 

3d2b68f51926Se23d70688c49c51030551 f 

fbfd 

Warnings: 

Information: 

697808 

2 
Request for Continued Examination 

4207-113_RESP _FOA2_RCE.pdf no 3 
(RCE) 

6ae 1 ccd 3 2e54 7 e 79d 07 4dcb9c2bd 5 66e09c 

f60a2 

Warnings: 

Information: 

187505 

3 Extension ofTime 
4207-113_RESP _OA2_ext_of_ti 

no 2 
me.pdf 

3bdb3197d93Saeeee73b1 f4eb03ae7b743 

1fc76 

Warnings: 

Information: 

32720 

4 Fee Worksheet (5B06) fee-info.pdf no 2 

741 c75Sd502c27cce6Sbc3c1 9366fa6494ca 

Saas 

Warnings: 

Information: 

Total Files Size (in bytes) 1266604 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 

Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 

Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Agglication under 35 U.S.C. 371 

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 

U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Agglication Filed with the USPTO as a Receiving Office 

If a new international application is being filed and the international application includes the necessary components for 

an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 

and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 

the application. 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant( s ): 

Assignee: 

Title: 

Serial No.: 

Examiner: 

Docket No.: 

Fadhel M. Ghannouchi et al 

DIGITAL MULTI-BAND PREDISTORJON LfNEARIZER WITH 
NONLINEAR SUBSAMPLING ALGORITHMS IN THE IN THE 
FEEDBACK LOOP 
14/467,642 Filing Date: 08/25/2014 

Joseph, Jaison 

4207-11 3  

Group Art Unit: 2633 

Customer No.: 43563 
Confirmation No. 1866 

·--�-� .................................................................. ......__ __ .................................................................. ·-----................ .

May 17, 2016 

RESPONSE TO FINAL 0lrFICE ACTION 

Dear Sir: 

This is in response to the Final Office Action dated 12/17/2015. A request for continued 

examination is submitted herewith. Please consider the following: 

page 2; 

Amendments to the Claims are reflected in the Listing of Claims which begins on 

Remarks begin on page 6. 
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Amendments To Th.e Claims 

Listing of Claims 

This Listing of Claims will replace all prior versions, and listings of claims in the 

application: 

1. (Currently amended) A transmitter comprising:

a power amplifier configured to amplify a-modulated concurrent multi-band sigflal 

iign�h.to provide ffil-amplified concurrent multi-band signal§.; 

a concurrent digital multi-band predistortion block configured to effoct predistortion of 

the modulated concunent multi-band &if,.ll'l-at-;�J&:!l!lL'iJO compensate for a non-linearity of the 

power amplifier; and 

a signal observation feedback loop configured to effect concurrent sarnpling of the 

amplified concurrent multi-band signals ata subsampling .fh%}ll§1WY h.}\ver than t\vlce a 

2. (Previously presented) The transmitter of claim 1, wherein said concurrent digital multi-

band predistortion block further comprises: 

a plurality of digital baseband signal predistorter blocks, each baseband signal 

predistorter block having a plurality of first inputs and a single output, the plurality of first inputs 

corresponding in number to the multiple bands of the multi-band transmitter and each first input 

con-esponding to a single frequency channel. 

3. (Previously presented) The transmitter of claim 2, wherein said concurrent digital multi-

band predistortion block further comprises: 

a plurality of digital baseband signal predistorter blocks, each baseband signal predistorter block 

having a plurality of first inputs and a single output, the plurality of first inputs corresponding in 

number to the multiple bands of the multi-band transmitter and each first input con-esponding to 

a single frequency channel and wherein the signal observation feedback loop includes an 
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analyzing and modeling stage directly connected to each of the plurality of outputs of said digital 

multi-band predistortion block for receiving the respective predistorted signals and for using said 

received predistored signals in controlling said digital multi-band predistortion block and 

\Vherein 

4. (Previously presented) The transmitter of claim 3, wherein said analyzing and modeling

stage further comprises: 

a plurality of outputs connected to and for updating the parameters of said digital 

baseband signal predistorter block; 

a plurality of inputs connected to said outputs of said signal observation feedback loop. 

5. (Previously presented) The transmitter of claim 3, wherein said analyzing and modeling

stage is further configured to: 

perform time alignment of complex baseband signals from sampling said outputs of said 

power amplifier; and 

perform the reconstruction of the complex baseband signals from sampling said outputs 

of said power amplifier. 

6. (Previously presented) The transmitter of claim 2, wherein said signal observation

feedback loop further is further configured to: 

down-convert samples of the RF signals at said output of the power amplifier; and 

extract from said down-converted samples a baseband equivalent for all frequency 

channels. 

7. (Previously presented) The transmitter of claim 2, wherein said signal observation

feedback loop further comprises for each channel an RF filter; 

a signal dovvn conversion block; and 

an analog-to-digital converter (ADC). 
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8. (Previously presented) The transmitter of claim 2, wherein said signal observation

feedback loop further comprises:

a single subsampling-based receiver to down-convert samples output from a concurrent 

multi-band transmitter. 

9. (Previously presented) The transmitter of claim 8, wherein said single subsarnpling-based

receiver further comprises:

an RF filter; a track and hold (T&H) block; and an analog-to-digital converter (ADC).

timesa shmal hmKhvidth of the.modulated concurren(multiyhtwd sighak 

and where .B. is a. ham.h.vid.th of the an:1p.!ified. concurrent nrnlti-band_ sisltals,. and :fj,,J_l; are 

12. (New) A method aUr&n$Jll!lt�LtJI!1Jilfisinu.:
nxnnlih:111_1.r a modulated CJJ.n9.Q!!gJ1Ltil1th5-hand si mmlJDJm.wid�Jl-11 ampl.ified �Q!1&�!ff2!1� 

.rn�llti-band sigtwl� 

......... ___ grcdlstortin.g the rnodulated_ concurrent multi-band. signal_to compensate. for_ a non-

linearltv _ of the po,vet amplifier: 

suhsamp!ing_ of tfa: anmlifkd concurrent multi-band shmals at a subs:atnJJling frequency 

1nw�rJlH1nJ.!vicc a highest si gnat frgsms�n��y in the ampHt1Q�t c:t)n�:Utifll! mu!tl-band.,§i&rwJ.;,,�ms! 
___ c�'•o.ntrolliggthe 12redistorting bv_ thp_ subsampled concurrent _multi-i;mnd signaL

13. (New) '.HI�: method of claim 12. ,....,h�tnfoJJJ1e subsampling.Jh;�!,JMS�U£Y. is tffeater thart.t��:�!Jin1�:t'! 

.�t signal bttnd\vi1ttlH�fth��.111pdulated .:xmcl!rr�nlJlHtlH.:.h�Ilfl signal. 
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.! .. LtW'-'Y'l The .rnethq�1J,l[£1tl!I1L1:h .. whetein· the chi.)�ensubt1i\tnpiin� frequm.1£YJ�Jl;!r..�1_gi_yt'.n 

;'11gn,H hamh,-t�m1 and carrier __ ftgqugxlQ.l�.fo.J�jn the rnnue2J11b1.S.[i��{��i\l{n,.fl \Vhere liJ1:SlfolIH� 

and where_B is a bandwidth of the arnplificd_concurrent multi-bang signati!lli!l1cJu are 

respective lower.1lnst.1!Q112Lfrequcncies of th�. fatnd\Vl!,l.!11. and n is anJnt�ggr,, 
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REMARKS 

Claims 1 has been amended to better define the subject matter. New claims 10-11 have been 

added. Support fi.)r the amendments and new claims are found inter alia in paragraphs [0041]­

[0042 J of the description and Figure 6 of the drawings. 

Furthermore, new method claims 12-15 corresponding to the device claims have been added. 

No new matter has been added. 

Claim Rejections - 35 USC § 102 

1. Claims 1 is rejected under 35 U.S.C. l02(b) as being anticipated by newly cited

Suzuki (US 2005/0162225).

The present claims relate in genera! to subsampling in a feedback loop of modulated concurrent 

multi-band signals. Applicant submits that it is well known in the art of signal communication 

that subsampling is the process of sampling at a frequency less than the Nyquist rate. 

Accordingly, independent claim 1 has been amended to recite amongst others the features of: 

"a power amplifier configured to amplify modulated concurrent multi-band signals to 

provide amplified concmTent multi-band signals"; 

"a signal observation feedback loop configured to effect concurrent sampling of the 

amplified concurrent multi-band signals"; 

"a subsamp!ing frequency lower than twice a highest signal frequency in the amplified 

concunent multi-band signals". 

Suzuki does not teach or suggest "subsampling" nor does Suzuki teach or suggest sampling of 

the "modulated concurrent multi-band signals" (i.e. the modulated "amplified concurrent multi­

band signals") as recited in amended claim 1. Suzuki discloses AD conversion of a demodulated 

portion of the output signal. See for example Suzuki para. [0037] which states "The monitor 

signal S1}f is demodulated by a monitoring receiver 31, and the demodulated monitor signal is 

converted by analog-to-digital converters (ADC) 32-1 and 32-2 io I and Q signals (i.e., an in­

phase signal and a quadrature signal) in digital form". 
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Suzuki cannot anticipate claim 1 as amended. Accordingly, the rejection of claim 1 under 35 

U.S.C. 102(b) is overcome. \1/ithdrawal of the rejection is requested. 

IL Claims l, 2 and 6-8 are rejected under 35 U.S.C. 102€ as being anticipated by Fuller. 

1:runer similar to the discussion of Suzuki does not teach or suggest "subsamp!ing" nor does 

Fuller teach or suggest sampling of the "modulated concurrent multi-band signals" (i.e. the 

modulated "amplified concurrent multi-band signals") as recited in amended claim 1. 

For example, Fuller in reference to FIG. 2 states at col 6, lines 26-30 "A portion of the output 

energy of arnplifier 212 is coupled via coupler 251 and downconverted to a suitable intermediate 

frequency by mixer 230". 

Further Fuller does not teach or suggest a "concurrent samplin_g_of the anipHfled ci>n<.wtrcnt_fou{ti--baH�t 

slg_naf' as recited in amended claim 1. As shown in Figure 1 and Figure 2 of Fuller the feedback 

signals are mixed to select a particular frequency (See mixer 130 (Fig. 1) and Mixer 230 (Fig. 2)). This is 

not '\:xmcurrent S.\UnJJling_d'the m.nvlificd cnncurrnn(nrnlti-band.sign.al". 

Accordingly, applicant submits that for at least the above reasons claim 1 is patentable over 

Fuller and the rejection of claim 1 and claims 2, 6-8 dependent thereon is overcome. Withdrawal 

of the rejection is requested. 

Claim Rejections - 35 USC § 103 

1. Claims 2, 6-9 are rejected under 35 U.S.C. 103a as being unpatentable over Suzuki in

view of Fuller.

Based on at least the above discussion Applicant submits that amended independent claim 1 is 

allowable over Suzuki and Fuller, therefore claims 2, 6-9 which depend thereon are also 

allowable, rendering the rejection moot. Withdrawal of the rejection is requested. 
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Based on at least the above discussion Applicant submits that amended independent claim l is 

allowable over Fuller, therefore claim 9 which depends thereon is also allowable, rendering the 

rejection moot. \Vithdrawal of the rejection is requested. 

Double patenting 

Claims 1-9 are rejected on the ground of nonstatutory double patenting as being unpatentable 

over claims 1-9 of US Patent No. 8,817,859. 

Applicant submits that claim 1 of the Patent does not recite all the limitations of amended claim 

1 of the instant application. Furthermore, as the claims in the instant application are stiH 

pending, Applicant requests the rejection be held in abeyance subject to allowance of the present 

claims. 

Conclusion 

In view of the amendments and remarks set forth herein, the application is believed to be in 

condition for allm.vance and a notice to that effect is solicited. Nonetheless, should any issues 

remain that might be subject to resolution through a telephonic interview, the examiner is 

requested to telephone the undersigned at 

Respectfully submitted, 

/Kevin Pillay/ 

Kevin Pillay 
Registration No. 41559 
Agent of Record 

Moffat& Co. 
Macera & J arzyna 
427 Laurier Ave W. 
Suite 1200 
Ottaw·a, Ontario, Canada 
KlR 7Y2

(613) 232-7302
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Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571 )-272-4200. 
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Application No. �pplicant(s) 

Notice Requiring Inventor's Oath or 
14/467,642 [Fadhel M. GHANNOUCHI 

Declaration Examiner �rt Unit 
JOSEPH, JAISON Q633 

This notice is an attachment to the Notice of Allowability (PTOL-37), or the Notice of Allowability For A Design 
Application (PTOL-37D). 

An inventor's oath or declaration in compliance with 37 CPR 1.63 or 1.64 executed by or with respect to each 
inventor has not yet been submitted. 

An oath or declaration in compliance with 37 CPR 1.63, or a substitute statement in compliance with 37 CPR 
1.64, executed by or with respect to each inventor (for any inventor for which a compliant oath, declaration, or 
substitute statement has not yet been submitted) MUST be filed no later than the date on which the issue fee is 
paid. See 35 U.S.C. 115(f). Failure to timely comply will result in ABANDONMENT of this application. 

A properly executed inventor's oath to declaration has not been received for the following inventor(s): 

If applicant previously filed one or more oaths, declarations, or substitute statements, applicant may have received 
an informational notice regarding deficiencies therein. 

The following deficiencies are noted: 

INFORMAL ACTION PROBLEMS 

• A properly executed inventor's oath or declaration has not been received for the following inventor(s): Fadhel

M. GHANNOUCHI, Aiden BASSAM, Mohamed HELAOUI, and Andrew KW AN.

Applicant may submit the inventor's oath or declaration at any time before the Notice of Allowance and
Fee(s) Due, PTOL-85, is mailed.

Questions relating to this Notice should be directed to the Application Assistance Unit at 571-272-4200. 

U.S. Patent and Trademark Office 
PTO-2306 (01-13) Notice Requiring Inventor's Oath or Declaration 



0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and 
Budget approval before requesting most types of information from the public. When 0MB approves an agency 
request to collect information from the public, 0MB (i) provides a valid 0MB Control Number and expiration 
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the 
agency to inform the public about the 0MB Control Number's legal significance in accordance with 5 CFR 
1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary 
depending upon the individual case. Any comments on the amount of time you require to complete this form 
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT 
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to 
respond to a collection of information unless it displays a valid 0MB control number. 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the 
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which 
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission 
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and 
Trademark Office may not be able to process and/or examine your submission, which may result in termination of 
proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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CANADA 

FIRST NAMED INVENTOR 

Fadhel M. GHANNOUCHI 
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EXAMINER 
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NOTIFICATION DATE DELIVERY MODE 

07/11/2016 ELECTRONIC 

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

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

joe.ulvr@moffatco.com 

PTOL-90A (Rev. 04/07) 



Corrected 
Notice of Allowability 

Application No. 
14/467,642 

Applicant(s) 
GHANNOUCHI ET AL. 

Examiner 
JAISON JOSEPH 

Art Unit 
2633 

AIA (First Inventor to File) 
Status 

No 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
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. 1:8] This communication is responsive to RCE filed Mav 17, 2016.

DA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on ___ . 

2. D An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the restriction
requirement and election have been incorporated into this action. 

3. 1:8] The allowed claim(s) is/are 1-15. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution

Highway program at a participating intellectual property office for the corresponding application. For more information, please see 
http://www.usoto.govipatents/init events/oph/index.iso or send an inquiry to PPHfeedback@uspto.gov . 

4. D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

Certified copies: 

a) D All b) D Some *c) D None of the:

1. D Certified copies of the priority documents have been received.

2. D Certified copies of the priority documents have been received in Application No. __ .

3. D 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. 

5. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted.

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of 

each sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

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

Attachment(s) 
1. D Notice of References Cited (PTO-892)

2. D Information Disclosure Statements (PTO/SB/08),
Paper No./Mail Date __ 

3. D Examiner's Comment Regarding Requirement for Deposit
of Biological Material 

4. 1:8] Interview Summary (PTO-413),
Paper No./Mail Date 6/29/2016 .

/JAISON JOSEPH/ 
Primary Examiner, Art Unit 2633 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) 
20160701 

5. 1:8] Examiner's Amendment/Comment

6. D Examiner's Statement of Reasons for Allowance

7. D Other __ .

Notice of Allowability Part of Paper No./Mail Date 



Application/Control Number: 14/467,642 

Art Unit: 2633 

The present application is being examined under the pre-AIA first to invent 

provisions. 

EXAMINER'S AMENDMENT 

Page 2 

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. 

Authorization for this examiner's amendment was given in an interview with 

Kevin Pillay on 06/29/2016. 

The application has been amended as follows: 

Rewrite Claim 3: The transmitter of claim 2, wherein said concurrent digital multi­

band predistortion block further comprises: 

a plurality of digital baseband signal predistorter blocks, each baseband signal 

predistorter block having a plurality of first inputs and a single output, the plurality of first 

inputs corresponding in number to the multiple bands of the multi-band transmitter and 

each first input corresponding to a single frequency channel and wherein the signal 

observation feedback loop includes an analyzing and modeling stage directly connected 

to each of the plurality of outputs of said digital multi-band predistortion block for 

receiving the respective predistorted signals and for using said received predistored 

signals in controlling said digital multi-band predistortion blook and ¥.•herein 

predistortion block. 



Application/Control Number: 14/467,642 

Art Unit: 2633 

Page 3 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to JAISON JOSEPH whose telephone number is (571 )272-

6041. The examiner can normally be reached on M-F 9:00 - 5:30. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Sam K. Ahn can be reached on (571) 272-3044. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/JAISON JOSEPH/ 
Primary Examiner, Art Unit 2633 



Applicant-Initiated Interview Summary 

Application No. 

14/467,642 

Examiner 

JAISON JOSEPH 

All participants (applicant, applicant's representative, PTO personnel): 

(1) JAISON JOSEPH.

(2) Kevin Pillav.

Date of Interview: 29 June 2016.

Type: � Telephonic D Video Conference 
D Personal [copy given to: D applicant 

Exhibit shown or demonstration conducted: D Yes 
If Yes, brief description: __ . 

(3) __ .

(4) __ .

D applicant's representative] 

□ No.

Issues Discussed 01 01 D112 01 02 01 03 �Others 
(For each of the checked box( es) above, please describe below the issue and detailed description of the discussion) 

Claim(s) discussed:;}_. 

Identification of prior art discussed: None. 

Substance of Interview 

Applicant(s) 

GHANNOUCHI ET AL. 

Art Unit 

2633 

(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a 

reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc ... ) 

Examiner called the applicant to correct the typographical error in the claims.Aplicant agreed to Examiners proposal. 
Examiner will incorporate the changes in the form of Examiners amendment . 

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP 
section 713.04). If a reply to the last Office action has already been filed, applicant is given a non-extendable period of the longer of one month or 
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the 
interview 

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the 
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the 
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the 
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised. 

D Attachment 

/JAISON JOSEPH/ 
Primary Examiner, Art Unit 2633 

U.S. Patent and Trademark Office 

PTOL-413 (Rev. 8/11/2010) Interview Summary Paper No. 20160701 



Summary of Record of Interview Requirements 

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record 
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the 
application whether or not an agreement with the examiner was reached at the interview. 

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews 
Paragraph (b) 

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as 

warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in§§ 1.111, 1.135. (35 U.S.C. 132) 

37 CFR § 1.2 Business to be transacted in writing. 

All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and 
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to 

any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt. 

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself 
incomplete through the failure to record the substance of interviews. 

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless 
the examiner indicates he or she will do so. It is the examiner's responsibility to see that such a record is made and to correct material inaccuracies 
which bear directly on the question of patentability. 

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the 
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction 
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing 
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the 
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required. 

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the 
"Contents" section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the 
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant's correspondence address 
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other 
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication. 

The Form provides for recordation of the following information: 
-Application Number (Series Code and Serial Number)

-Name of applicant

-Name of examiner
-Date of interview 

-Type of interview (telephonic, video-conference, or personal) 
-Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.) 

-An indication whether or not an exhibit was shown or a demonstration conducted 
-An identification of the specific prior art discussed 

- An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does 
not restrict further action by the examiner to the contrary.

-The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It 
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview 
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the 
substance of the interview. 

A complete and proper recordation of the substance of any interview should include at least the following applicable items: 
1) A brief description of the nature of any exhibit shown or any demonstration conducted, 
2) an identification of the claims discussed, 
3) an identification of the specific prior art discussed, 
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the 

Interview Summary Form completed by the Examiner, 
5) a brief identification of the general thrust of the principal arguments presented to the examiner, 

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not 
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the 
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully 
describe those arguments which he or she feels were or might be persuasive to the examiner.) 

6) a general indication of any other pertinent matters discussed, and 
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.
Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and 

accurate, the examiner will give the applicant an extendable one month time period to correct the record. 

Examiner to Check for Accuracy 

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner's version of the 
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, "Interview Record OK" on the 
paper recording the substance of the interview along with the date and the examiner's initials. 



PTO/AIA/01 (06-12) 
Approvsd for use through 01/31/2014. OM9 0051-0032 

U.S. Paten! aod Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under th8 Paperwork Reduction Ac! of 1996, no persorn. are required 10 respond to a collection of lnfom,ation unless It displays a valid 0MB control number. 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1.76) 

Title of DIGITAL MUL Tl-BAND PREDISTORTION LINEARIZER WITH NONU NEAR 
Invention SUBSAMPLING ALGORITHM IN THE FEEDBACK LOOP 

As the below named inventor, I hereby declare that 

This declaration 
Is directed to: The attached application, or 

United States application or PCT international appl!catlon number 14/467,642

flied on August 25, 2014

The above-Identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original Joint Inventor of a claimed invention in the application. 

l hereby acknowledge that any wlllful false statement made In this declaration Is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING: 

) 

Petitioner/applicant is cautioned to avold submitting personal information in documents filed In a patent application that may 
contribute to identity theft. Personal Information such as social security numbers, bank account numbers, or credit card numbers 
(other than a check or credit card authorization form PT0-2038 submitted for payment purposes) is never required by the USPTO 
to support a petition or an application. If this type of personal Information Is lnctuded In documents submitted to the USPTO, 
petlttoners/appllcants should consider redacting such personal Information from the documents before submitting them to the 
USPTO. Pet!tloner/appllcant Is advised that the record of a patent application Is available to the public after pub!fcatlon of the 
appl ication (unless a non-publication request In oompllance with 37 CFR. 1.213(a) Is made in the application) or Issuance of a 
patent. Furthermore, the record from an abandoned application may also be available to the public If the application Is 
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms 
PT0-2038 submitted for payment purposes are not retained In the applicatlon file and therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

Inventor: Fa

. 

dhfl M.,annpuchi 

f /l Signature:�_{ [ 
.I / 

Date (Optional) 

Nola: An application data sheet (PTO/ I or equivalent), including naming \he entire inventive entity, must accompany this form or must have 
been prelliously flied. Use an addlliona TO/AIA/01 form for each addlllonal Inventor. 

This collectlon of lnlarmallon Is required by 35 U.S.C. 115 and 37 CFR. 1.63. The Information is required lo oblain or retain a benefit by the public which Is to file {and 
by lhe USPTO to prooes:s) an app:,."caliGn. COll!ldent!alHy is governed by 35 U.S.C. 122 and 37 CFR U 1 and 1.14. Thie collection Is esUmated to take 'I minute to 
complete, including gathering, preparing, and submitting the completed application form IO the USPTO Time will wry dapendlng upon Iha Individual case. Any 
comments on the amount of time yoo require lo comple1e this form and/or suggesUons foc reducing this burden. should be sen! to the Chi&l lnformsllon Officer, U.S. 

Pa\8nt and Trademark OiflCEI, U.S. Department o! Commerce, P.O. Sox 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR. COMPLETED FORMS TO 
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If )'OU nHd asslsUmce In completing the form, CBJ/ 1-000.PT0-9199 ends� op/loo 2 



Privacy Act Statement 

The Privacy Act of 1974 (P.l. 93--579) requires that you be given certain information in connection 
with your submission of the attached form related to a patent application or patent. Accordingly, 
pursuant to the requirements of the Act, please be advised that: ( 1} the general authority for the 
collecUon of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; 
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark 
Office is to process and/or examine your submission related to a patent application or patent. If you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or exarrnne your submission, which may result in termination of proceedings or 
abandonment of the application or expiration of the patent. 

The Information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, Including disclosures to
opposing counsel in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 197 4, as
amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the 
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to 
the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an Inspection of records conducted by GSA as
part of that agency's responsibility to recommend improvements in records management
practices and programs, under authority of44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant ( i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.



DECLARATION {37 CFR 1,63) FOR UTUJTY OR DESIGN APPUCATlON USING AN 
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Privacy- Act Statement 

The Priv,M::y A<it 0cf '1974 (P.,t, 91•$7�) l\�lt:tt.f$: tf\::i! 'f(Jc\J bEi fii'-'im c,Niain 1n}sl::'nmttm in <.:f:nn�,i::tion 
wim yow t,1)hmi�$:i:,.'>n ¢:1 !h�l at:tachi�d form mkit�i to {1 p�-it.-E.mi ,;1pp!ki.':1fM <lf wit�nt. A1X'.tirzfif:#y, 
purnm,mt t<i ll'H� ,equ!t�,n,erit:s t)f!ho Act ple�is-e M ;;iij:.:11\,�ct U,1:t!: P) tM gt=>::wmi �Hitlwrity f.N lh!) 
<:i,li<:ictiun ,)f ihl� �1!ci-i11atkm �:s JS U.S,C 2fb)(J\ ;2) fonil:shh'\9 d tM infom,�!kin �di(:.\tw:l i� "'Kiluntmy_:
,�Kl U) !i'Hs Mncir,i�i pmpo�� for v•liidi W;i) k'ifonn,:ifam iii ,-tM�i t,v thi� U.S Pakn! �n:J T1w;li�mMk 
omui b-; fa:, pi-i)uti�, ,m'1inr (lX;;.tmit,:::i yovr ::::MbniMiiim ti:f!i�tE� �l �; �,iitont .�pfhi�,�U;)n c-r p�!ent lf yuu de,
n-;::11 himi;:;t, thi� n:,qic11w11�,:l inf<.inn;;1fain, \hi� U.S. f-.�1t�rii and Tmctermu!< Ofik1::: rmw n(}t t�t; ,�h/0 ki 
p:roc�,o:;.s ,1nj/o, �ii*t!lir:<B> your :,,ibni}��or,, whk,t1 may tl::'>m.m in torm�,.mtior, i�f pt(i>:��.�dinm, <if 
,1bamlorimi�nt <i thi� ,wpk,lfa)r� <ff oxplrntl<.·m nf !n�i patant 

rM lnforrnatk::n im thiis form ,..,,.it Ix, t,��ik'>(I ,;:<ir,fliJ�ntlany k, the e��ent all;J'Ni�:J 1.indM UH} 
f'.fi�t}t,m d lftfonlli�tion Acl (S tLS C. 552) ,,m{:l !M Pth•:ist:y AU($ U,S.C 5:52�}. Htiz�1Jt(tS fr<'l:ffl
ihm ll:)"!�lM'i. d ru:tOl-0� may lx; disd<1t;�-x,:i !!) th,� O,sp�rlmtmt t_):f .... h.mtite to ti�ktrNl'H., \'>4lfaih�r 
dit,dt,�urn A ln�,!Stl rn,::zmfa k� t!_;l�H,ilf!_;ld tn m� Ft:\'¾�();'l) d lntll!'ffmii,)l1 1\,:�t. 
A n'.$�):Jtd f.�{>�n ·th��� :Syst��n·i ,�r f��()R1� tn;t�� l�� d:�t::k�����l �1�� �i roHUn�� tf�(�� in th�t ���)�}rt�� �)f 
pmii�inting ,�-;,•t::l�mt,i� ti) 11 G.i-urt, mi!t�li�!t,�M. qr �Kh�·\int�itisfa,,� tfih;Jn.�1, il>tKidl�l dhKk>�W(�� ki
1;,1�t,0:;:;in,1 C:>:)i.l%E,:l in !!�, ,Qu,�t, :::11 �{lti¾iniei1! m¾)>:stiaMn,:, 
A i'l'1nmf in !Nz sy�itM, n<' re:t(,n.is m,q oo d�c&J!l�d .. as;� 191.rtti�i w�&, t<t ;,1 t,,k,r,,�¼,r i>i 
0Ji,gt��""i i,1,t;1ni!W·,9 il mqu,�i! im,(livh:,.;g ar. indkKkmt !Ki ,-.ht>:t) !hti H�t'l.1f::i t,fff�nii 1,,,t,�n H�,
k;,:!ivi,:jwJl t�,b H-�<:l!.i-€Nh,:;.i ,%,">i!St@C� !w.rr, !lw M1�tnb!;ll' ��ti!h fE�csp�.cl k) th!:i !>Ul'lj�,i�1 m�tlt&f ;�! t!-m
t\�::<�td. 
�A, n�tOfQ� fr� ttr�:$. W:t�::{��tn z)f rt::{:(��·d�) rna:)�· N� �:�ii{$:)§�1.: i��t i� rot�t�--�:· �J�H�� fKi � t=�>fll:t��<tftw tif th��
�.:\g:!:)r��?i h�r�.::�n:J :rx-::��d lz�r th�� �tlfc:::rft�ih:¥� ��; {}nl�l t�) pl::�tfnrn"� H �:,:.,c.;;r��n�zt. f�.��(:ipH�nt�{ r�f 
k;J)rrnHti{3n :�h�lh b�� r��qu�t{�t! tn t::i:.)tnpty- ,��ttl tr,�� rt.*qH:�fE�rn.�nt�� t:f ihf: .Pft\l��{�Y l�t:t �>f ·1 H7 4., <�t
,mii:,ndi�t. Nit�u,�nt ti) 5 U.S C. Sil2,timi 
A n'l<::t),,i n)l,H.M tn .�n ln/:(im,-,tba,�I Ai}pik;.1hori fitt,d imtliff tlw Pa/:o;;�nt ('> .. ,-t>;::it�,·"itkm ft�c<i:.!y fr, 
thi» $y�:\i�m d i-�-::ntd:;s mi:.ly tii;, dil>:dOt-E.itt ms,� rt>•Aln:i:;, 1.rni,: to ttH, lnkwi:;;il:i:::;,.n:,il Et,fMR, ti! ttw
V>kirM ln!ei��z:fa,il Pt(W;�rty Otqianii:,�lkm. ptt,:s(mnt !(; !h!,! h:ihmt Ctx:,pt:rai,,m lr�wiy. 
-� f�tZ>:-t3 �n thh:. S})""��t�n� of f-t�t:ntd�{ fn;�y b�� ·�l�$C-.'t½$��tt ·�t, i� :'-.:t.t��H�' i}�:S;��� -�($ ;:;�n◊th{�{ f�x:j:�$f�i3 
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PTO/AIA/01 (06.12) 
Approved for use through 01/31/2014. 0MB 0051-0032 

U.S. Patent alld Trademark Ollloo; U.S. DEPARTMENT OF COMMERCE 
Under Iha Paperworil Reduction Ad of 1995, no pei11Dns are required lo respond lo a co!lectlon of inloimatlol"I unless ii dlspleys a valkl 0MB control number. 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
')APPLICATION DATA SHEET (37 CFR 1.76)

Tltle of DIGITAL MUL Tl-BAND PREDISTORTION UNEARIZER WITH NONLINEAR
Invention SUBSAMPLING ALGORITHM IN THE FEEDBACK LOOP

As the below named inventor, I hereby declare that: 

This declaration 
is dlrected to: The attached application, or 

United States application or PCT international application number 14/467 ,642

filed on August 25, 2014

The above-identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the application. 

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 
by fine or Imprisonment of not more than five (5) years, or both. 

WARNING: 

Petitioner/applicant Is cautioned to avoid submitting personal information in documents filed ln a patent application that may 
contribute to identity theft Personal information such as soclal security numbers, bank account numbers, or credit card numbers 
(other than a check or credit card authorization form PT0-2038 submitted for payment purposes) is never required by the USPTO 
to support a petition or an application. If this type of personal Information is included In documents submitted to the USPTO, 
petttfoners/applicants should consider redacting such personal information from the documents before submitting them to the 
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the 
application (unless a non-publication request in compliance with 37 CFR 1.213(a) Is made in the application) or issuance of a 
patent. Furthermore, the record from an abandoned application may also be available to the public If the application is 
referenced In a published application or an Issued patent (see 37 CFR 1.14). Checks and credit card authorization forms 
PT0-2038 submfttad for payment purposes are not retained in the application file and therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

Inventor: Andrew Kwan

Signature:�/
Date (Optional) 'A FP.. Z. 4 / JS.

Note: An application data sheet (PTO/SB/14 or equivalent), including naming lhe entire Inventive entity, must acmmpany this form or must have 
been previously flied. Use an additional PTO/AIA/01 form for each additional Inventor. 

Palen! end Trademark Offk:&, U.S. Department of Com�, P.O. Box 1450, Alexandria, VA 22313-1'150, DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 2231 :M450, 

ff you l'l6ed usl8lanoe ill comp/61/ng Iha ronn, csll 1-BOO-PTO-ll199 lll"HI stlecl option 2 



Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection 
with your submission of the attached form related to a patent application or patent. Aocordingly, 
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the 
collection of this Information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; 
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark 
Office is to process and/or examine your submission related to a patent application or patent. If you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result ln termination of proceedings or 
abandonment of the application or expiration of the patent. 

The information provided by you In this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extant allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to detennine whether
disclosure of these records is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request Involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Reciplents of
information shan be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Properly Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disdosed, as a routine use, to another federal
agency for purposes of National Security review (35 U .S.C. 181 ) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of recoo:ls may be disclosed, as a routine use, to the Administrator,
General Services, or his/her deslgnee, during an inspection of records conducted by GSA as
par! of that agency's responsibility to recommend improvements in records management 
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant ( i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 u.s.c. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was flied In an application which
became abandoned or in which the proceedings were terminated and which application Is
referenced by either a published application, an application open to public inspection or an
issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.



PTQJ'AIAI01 (06-12} 
Approved lcr uia lhrcugh 011:111'2014. 0MB 065Hl032 

U.S. Palsnt and Tradem�rk 011!.."B; U.S. DEPARTMENT Of COMMERCE 
Under lhe Paperwt1rk Reduc!ion Ac! of 1995, �o parsc�s ara rnquimii to reipond to a collection of informa1k'ln ijnle�� It dispi;ly;1 a v.-il!d 0MB cimtm! number. 

DECLARATION {37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET {37 CFR 1,76) 

Title of DIGlTAL MUL Ti-BAND PRED!STORTION UNEAR!ZER W!TH NONU NEAR 
lrwention SUBSAMPUNG ALGORITHM IN THE FEEDBACK LOOP 

As the below named inventor, I hereby declare that 

This declaration 
is directed to: 

iJ 

The attached application, or 

United States application or PCT iotemaUona! aopl!cation number __ 14/467,642 ....................... ..

filed on August 25, 2014

The above-identified application was made or authorized to be made by me, 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the application. 

I hereby acknowledg& ihat any w!llful false statement made in this declaration is punishable under 18 U.S.C. 1 OOi 
by fine or imprisonment of not more than five (5) years, or both. 

WARNING: 

Petitioner/applicant is cautioned to avoid submitilng personai informatkm in documents filed in a patent application that may 
contribute to identity theft Personal information such as social security numbers, bank account numbers, or credit card numbers 
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO 
to support a petition or an appllcaUon. If this type of personal information is included in documents submitted to the US PTO, 
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the 
USPTO. Petitioner/applicant is advised that the record of a patent application is availab!e to the public after pubHcaUan ot the 
application (unless a non-publication request in compliance with 37 CFR 1.2:13(a) is made in the applicalion) or issuance of a 
patent. Furthermore, the record from an abandoned application may also be available to the pubtlc ii the application 1s 
referenced In a pubiished application or an issued patent (see 37 CFR 1.14). Checks and credjt card authorization forms 
PTO-203$ submitted for payment purposes are not reta!ned !11 the application file and therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

Inventor: Mohamed He!aoui
�-----------,----

Signature: 

Nole: An application data shee! (PTO/SB/14 or equivalent). im:luding naming the entire lnver:.livra> entity. mus! eccornpany !his forro or mus! have 
been previ@sly filed. Use an addi!!onai F'TO/A1Aif.11 form for each addltional lnvenlor. 

This ct1ll!'Jctioo of infi:irmatlon is mquired by 35 U,S.C, 115 and 37 CFR 1 ,63. The inlcrmallon is requl,.,� to obt.�i:1 or re!al11 a benefit by lhe public whfch is lo rne (and 
by !he USPTO to process) ar, application. Gcnlidenllallty fs g�vamed iw 3S U.S.C. 122 and 37 CFR 1.1 ·1 and 1.14. This co!lec!iQn Is e�!ima1erJ ¼ lake 1 mir.ute to 
complete, Including gathering, prepBrlng, and sutimitting 1M compfeted applic.ltim, iomi !1,1 tli,;; USPTO. Time will ,•sry t11;pendln9 upon !he individual -::asa, Any 
commen1s on lhe am,,un! o! 1im9 you mqulrol to compl;ite this form and/or suggeslion:. for mducing :hi$ burden, $houid be s;,nt to 111,; Cl1ief !oimmetior: Officer, U.S. 
Patent ,wd Trademarl\ Oflit�, UcS, Dep.irtmeot cf Commarc,,, P.O. Eox 1450, Ale�andria, VA 22313-1450. DO �JOT SEND FEE.$ OR COMPLETED FORMS TO 
THIS ADDRESS, SEND TO: Commissioner for Pat(lnts, P.O. !:lox 1451), A!11xandrla, VA 2:231 :M450. 

If :,ou r1ood aasistunce in xmp/!11/ng th& /arm, cfJ/1 H,OO,PT0-9Hi9 ""d seled cpl/@ 2, 



Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93•579) requires that you be given certain Information in connection 
with your submission of the attached form related to a patent application or patent. Accordingly, 
pursuant to the requirements of the Act, please be advised that: ( 1 ) the general authority for the 
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the Information sollc:lted is voluntaay; 
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark 
Office is to process and/or examine your submission related to a patent application or patent. If you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or 
abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Aa (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to detennine whether
disclosure of these records is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of 
presenting evidence to a court, magistrate, or administrative tnbunal, including disclosures to
opposing counsel in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International AppUcatlon flied under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency's responsibility to recommend improvements In records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant ( i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals,

8. A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the pubUc if the record was flied in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an 
issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.



Electronic Patent Application Fee Transmittal 

Application Number: 14467642 

Filing Date: 25-Aug-2014

Title of Invention: 
DIGITAL MULTI-BAND PREDISTORTION LINEARIZER WITH NONLINEAR 
SUBSAMPLING ALGORITHM IN THE FEEDBACK LOOP 

First Named Inventor/Applicant Name: Fadhel M. GHANNOUCHI 

Filer: Kevin Pillay 

Attorney Docket Number: 4207-113 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

LATE FILING FEE FOR OATH OR DECLARATION 1051 1 140 140 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 



Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 140 



Electronic Acknowledgement Receipt 

EFSID: 26979867 

Application Number: 14467642 

International Application Number: 

Confirmation Number: 1866 

Title of Invention: 
DIGITAL MULTI-BAND PREDISTORTION LINEARIZER WITH NONLINEAR 
SUBSAMPLING ALGORITHM IN THE FEEDBACK LOOP 

First Named Inventor/Applicant Name: Fadhel M. GHANNOUCHI 

Customer Number: 43563 

Filer: Kevin Pillay 

Filer Authorized By: 

Attorney Docket Number: 4207-113 

Receipt Date: 20-SEP-2016

Filing Date: 25-AUG-2014

Time Stamp: 15:20:59 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Credit Card 

Payment was successfully received in RAM $140 

RAM confirmation Number 2076 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 



File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 

Number Message Digest Part /.zip (if appl.) 

101218 

1 Oath or Declaration filed 
F _Ghannouchi_Signed_Declara 

no 2 
tion.pdf 

b28050392838b9c9e 72ae46Se 1 080fa5a82 

d7fc2 

Warnings: 

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the 

Image File Wrapper and may affect subsequent processing 

Information: 

454079 

2 Oath or Declaration filed A_Bassan_Declaration.pdf no 2 

a268cf44bcfdd266587418d37Sc14bca 141 

6822 

Warnings: 

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the 

Image File Wrapper and may affect subsequent processing 

Information: 

90382 

3 Oath or Declaration filed 
A_Kwan_Signed_Declaration. 

no 2 
pdf 

839758f8fa8fee71 a6381 fbf694c8c86a8778 

170 

Warnings: 

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the 

Image File Wrapper and may affect subsequent processing 

Information: 

102444 

4 Oath or Declaration filed 
M_Helaoui_Signed_Declaratio 

no 2 
n.pdf

a376e2ff7ea7073b6b6770ec3344447e776t 

afcO 

Warnings: 

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the 

Image File Wrapper and may affect subsequent processing 

Information: 

30185 

5 Fee Worksheet (5B06) fee-info.pdf no 2 

957a 14fe 1 0ba43561887dcfcaf3e4c1 96003 

63cd 

Warnings: 



Information: 

Total Files Size (in bytes)� 778308 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 



PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmiss10n. Moffat & Co 

427 Laurier Avenue W., Suite 1200 

Ottawa, ON, K 1 R 7Y2 

Canada 

APPLICATION NO. FILING DATE 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelor.e 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

FIRST NAMED INVENTOR 

(Depositor's name) 

(Signature) 

(Date) 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

14/467,642 08/25/2014 Fadhel M. GHANNOUCHI 4207-113 1866 

TITLE OF INVENTION: 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional SMALL $480 

EXAMINER ART UNIT 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 
0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$480 

CLASS-SUBCLASS 

2. For printing on the patent front page, list 
(I) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

09/21/2016 

[ Kevin Pillay 

2 _ _ _ _ _ _ _ _ _ __ _ _  _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 
PLEASE NOTE: Unless an assignee 1s 1dent1f1ed below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordatJon as set forth m 37 CFR 3.11. Complet10n of this form 1s NOT a substitute for f1lmg an assignment. 
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 
0 Issue Fee 
0 Publication Fee (No small entity discount permitted) 
0 Advance Order - # of Copies _ _ _ _ _ _ _ _ _  _ 

5. Change in Entity Status (from status indicated above) 
0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

0 A check is enclosed. 
0 Payment by credit card. Form PTO-2038 is attached. 
0 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any 

overpayment, to Deposit Account Number ( enclose an extra copy of this form). 

0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l .27(g)(2). 
NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records of the United States Patent and Trademark Office. 

Authorized Signature _I_K_e_v_ i_n_P_il_la_y_l _ _ _ _ _ _ _ __ _ _ _  _ 

Typed or printed name _K_e_v_ in_P_il_la_y _ _ _ _ _ _ __ _ _ _ _ _ __ _ 

Date 20-09-2016

Registration No. _4_1_5_5_9 _ _ _ _ _ _ _ _ __ __ 

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to l?rocess) 
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparmg, and 
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete 
this form and/or sugisestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 22313-1450. 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. 0MB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 



Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with 
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to 
the requirements of the Act, please be advised that: (1) the general authority for the collection of this 
information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the 
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process 
and/or examine your submission related to a patent application or patent. If you do not furnish the 
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine 
your submission, which may result in termination of proceedings or abandonment of the application or 
expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom
of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel
in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5
U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy
Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as part of
that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance
with the GSA regulations governing inspection of records for this purpose, and any other relevant
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a
routine use, to the public if the record was filed in an application which became abandoned or in
which the proceedings were terminated and which application is referenced by either a published
application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.



Electronic Patent Application Fee Transmittal 

Application Number: 14467642 

Filing Date: 25-Aug-2014

Title of Invention: 
DIGITAL MULTI-BAND PREDISTORTION LINEARIZER WITH NONLINEAR 
SUBSAMPLING ALGORITHM IN THE FEEDBACK LOOP 

First Named Inventor/Applicant Name: Fadhel M. GHANNOUCHI 

Filer: Kevin Pillay 

Attorney Docket Number: 4207-113 

Filed as Small Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

UTILITY APPL ISSUE FEE 2501 1 480 480 



Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 480 



Electronic Acknowledgement Receipt 

EFSID: 26982743 

Application Number: 14467642 

International Application Number: 

Confirmation Number: 1866 

Title of Invention: 
DIGITAL MULTI-BAND PREDISTORTION LINEARIZER WITH NONLINEAR 
SUBSAMPLING ALGORITHM IN THE FEEDBACK LOOP 

First Named Inventor/Applicant Name: Fadhel M. GHANNOUCHI 

Customer Number: 43563 

Filer: Kevin Pillay 

Filer Authorized By: 

Attorney Docket Number: 4207-113 

Receipt Date: 20-SEP-2016

Filing Date: 25-AUG-2014

Time Stamp: 17:09:50 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Credit Card 

Payment was successfully received in RAM $480 

RAM confirmation Number 4324 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 



File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 

Number Message Digest Part /.zip (if appl.) 

71455 

1 Issue Fee Payment (PTO-85B) ptol85b.pdf no 2 
80b3a 18aa800d8399338144567376f1 Sb8f 

e21fb 

Warnings: 

Information: 

30545 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
ca68a 1f89c1 a7cbf1 e0a 14713d570c429812 

5625 

Warnings: 

Information: 

Total Files Size (in bytes) 102000 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 

Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 

Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Agglication under 35 U.S.C. 371 

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 

U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Agglication Filed with the USPTO as a Receiving Office 

If a new international application is being filed and the international application includes the necessary components for 

an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 

and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 

the application. 



PTO/SB/122 (04-15) 
Approved for use through 01/31/2018. 0MB 0651-0035 

U.S. 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 displays a valid 0MB control number. 

14467642 

CHANGE OF 
Application Number 

08-25-2014
CORRESPONDENCE ADDRESS Filing Date 

Application First Named Inventor 
Fadhel M. Ghannouchi 

2633 
Address to: Art Unit 
Commissioner for Patents Examiner Name 

Joseph, Jaison 
P.O. Box 1450 

Alexandria, VA 22313-1450 
Attorney Docket Number 4207-113

Please change the Correspondence Address for the above-identified patent application to: 

00 
The address associated with 

I 46093 I Customer Number: 

OR 

□
Firm or
Individual Name

Address 

City I State I Zip

Country 

Telephone I Email

This form cannot be used to change the data associated with a Customer Number. To change the 
data associated with an existing Customer Number use "Request for Customer Number Data Change" (PTO/SB/124 ). 

I am the: 

[] Applicant/Inventor

[] Assignee of record of the entire interest.
Statement under 37 CFR 3.73(b) is enclosed. (Form PTO/SB/96). 

� 
41559 

Attorney or agent of record. Registration Number 

[] Registered practitioner named in the application transmittal letter in an application without an
executed oath or declaration. See 37 CFR 1.33(a)(1 ). Registration Number 

Signature /Kevin Pillay/ 

Typed or Printed Kevin Pillay
Name 

Date 21-09-2016 I Telephone 613 232-7302

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple 
forms if more than one signature is required, see below*. 

11 ✓ l*Total of 
1 

forms are submitted. 

This collection of information is required by 37 CFR 1.33. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO 
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on 
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 



Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection 
with your submission of the attached form related to a patent application or patent. Accordingly, 
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the 
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; 
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark 
Office is to process and/or examine your submission related to a patent application or patent. If you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or 
abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 197 4, as
amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency's responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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U.S. Patent and Trademark Offa:e; U.S. DEPARTMENT OF COMMERCE 
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ABANDONED UNINTENTIONALLY UNDER 37 CFR 1.137(a} 
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Application No.; 141467, 642
__ ,,,,, .................. ,, .................. . . . .  _ ,.,. ................................................... -�--

Art Unit: 2633

! Docket Number (Optional) 

1
4207-113 

Filed: _08/25/2014 __ ----------------~-��-----------······· Examiner: . Jaison Joseph _________________ .---------------�-
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Attention: Office of Petitions 
Mail Stop Petition 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 
FAX (571) 273-8300 

NOTE: If information or assistance is needed in compieting this form, please contact the Office of Petitions at (571) 272-3282. 

The above-identified application became abandoned for failure to fi!e a timely and proper reply to a notice or action by the United States 
Patent and Trademark Office. The date of abandonment is the day after the expiration date of the period set for reply in the Office notice or 
action plus any extensions of time actually obtained. 

APPLICANT HEREBY PETITIONS FOR REVIVAL OF THIS APPLICATION. 
NOTE: A grantable petition requires the following items; 
(1) Petition fee; 
{2) Reply and/or issue fee; 
(3) Terminal disclaimer with disclaimer fee - required for all utility and plant applications filed before June 8, 1995, and for all 

design applications; and 
(4) Statement that the entire delay was unintentlonai. 

1. Petition fee 

[ZJ Small entity fee$ _8_5_0 _ __ (37 CFR 1.17(m)). Applicant asserts small entity status. See 37 CFR 1.27. 

D Undiscounted fee$ ____ {37.CFR.1.17(ml). 

2. Reply and/or fee 

A The reply and/or fee to the above-noted Office notice or action in the form of 

El 

"�orrection of invento
::�'.�.:��:

:.?!. 
__ ��-�--'.;_�-�:.::��h a

nd updated A�-�- (identify the type of reply): 

D has been filed previously on ���-------------··"··--------------------------------··----� 

[Z] is enclosed herewith. 

The issue fee and publication fee (if applicable) of$ _4_8_0 __ _

[ZJ has been paid previously on -�-�-:_sep-2016

D is enclosed herewith. 

This coilectkm of"lnformation i; required by 37 CFR 1.137(;,). The information is requi,ed to obtain or retain a benefit by the puh!ic which i5 to tlle (and by the 

U5PTO to proces.,) an opplirntion. Confidentiality ,s governed by 35 U.S.C 122. and 3 7 CFR LU. 1.14 and 41.6. This collection is estimated to take 1 hour to 

complete, inc!uding gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, 

U.S. Patent and Trademark Office, U,S_ Department of Commerce, P.O_ Box 1450, Aiexaadria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 

ADDRESS. SEND TO: Mail Stop Petition, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in compieting the form, ca/11-800-PT0-9199 and seiect option 2. 
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3. Terminal disclaimer with disclaimer fee 

[Z] Since this utility/plant application was filed on or after June 8, 1995, no terminal disclaimer is required. 

D A terminal disclaimer {and disclaimer fee {37 CFR 1.20(d)) of$ l disclaiming the required period of time is enclosed 
herewith (see PTO/SB/63). 
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under 37 CFR 1.137(a) was unintentionaL [NOTE: The United States Patent and Trademark Office may require additional information if there is 

a question as to whether either the abandonment or the delay in filing a petition under 37 CFR 1.137(a) was unintentional (MPEP 711.03(ci, 

subsections (lll)(C) and (Di).] 

WARNING: 

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may contribute to 
identity theft. Personai information such as social security numbers, bank account numbers, or credit card numbers (other than a check or 

credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO to support a petition or an 

application. If this type of personal information is included in documents submitted to the USPTO, petitioners/applicants should consider 

redacting such personal information from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record 
of a patent application is available to the public after publication of the application (unless a non-publication request in compliance with 37 CFR 

1.213(a) is made in the application) or issuance of a patent. Furthermore, the record from an abandoned application may also be available to 

the public if  the application is  referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization 
forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available. 
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Signature 

Kevin Pil!ay 
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Ottawa, ON, Canada, K2A 2L 1 
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f---·----. .. --, ................................................................... __________________ ····· ····--· ........................ .
CERTIFICATE OF MAILING OR TRANSMISSION [37 CFR 1.8(a)] 
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i D Deposited with the United States Postal Service on the date shown below with sufficient postage as first class mail in an envelope 

addressed to: Mail Stop Petition, Commissioner for Patents, P. 0. Box 1450, Alexandria, VA 22313-1450. 

[Z] Transmitted by EFS-Web or facsimile on the date shown below to the United States Patent and Trademark Office at (571) 273-8300. 

, 2016-10-11 
I D><e - -

/kevin pi!!ay/ 
Signature 

Kevin Pillay 
Typed or printed name of person signing certificate 



Privacy Act Statement 

The Privacy Act of 1974 (P.l. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent Accordingly, pursuant to the 
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary: and (3) the principal purpose for which 
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission 
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and 
Trademark Office may not be able to process and/or examine your submission, which may result in termination 
of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in
the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C.
552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that
agency's responsibility to recommend improvements in records management practices and programs,
under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine
use, to the public if the record was filed in an application which became abandoned or in which the
proceedings were terminated and which application is referenced by either a published application, an
application open to public inspection or an issued patent

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Filed: 08/25/2014 

Title: DIGITAL lV[ULTI-BAND PREDIST0RTI0N LINEAlUZER 
'WITH NONLINEAR SUBSAMPLING ALGORITHl\/[ IN THE 
FEEDBACK LOOP 

Art Unit: 2633 

Docket No.: 4207-113 

Mail Stop Amendments 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

October 6, 2016 

REOliEST FOR CORRECTION OF INVENTOR.SHIP UNDER 37 CFR 1.48 

Dear Commissioner: 

Pursuant to 37 CFR 1.48, the applicant requests the inventorship be c:01Tected in the above­

captioned application. In particular, one of the inventor's names was rnisspelt as Aiden 

Bassam on the Application Data Sheet filed concurrently with the application when the 

correct spelling of the name should have been Sc,,·cd A-idin Bassam. 

The applicant submits herewith an amended Application Data Sheet, a Declaration 

executed by Seyed Ai din Bassam and the processing foe under 3 7 CFR 1.1 7 ( i). 
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37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 
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City I J:;algary I State/Province I �B 

Postal Code I r-2N 1N4 I Countryi I PA 

Inventor � I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I El t,eyed �idin l3ASSAM I El 
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service 

City �algary IICountry of Residence i l�A I 

Mailing Address of Inventor: 

Address 1 J500 University Dr. 

Address 2 Elec and Comp Eng Dept. Univ of Calgary, ICT 302 

City I J:;algary I State/Province I �B 

Postal Code I r-2N 1N4 I Countryi I PA 

Inventor b I Remove I 
Legal Name 
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Inventor � 
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D An Address is being provided for the correspondence Information of this application. 

Customer Number to69

Suffix 

I El 

I 

Suffix 

I El 

I 

Email Address Kevin.pillay@moffatco.com I I Add Email I I Remove Email I 
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Attorney Docket Number 4207-113 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention DIGITAL MUL Tl-BAND PREDISTORTION LINEARIZER WITH NONLINEAR SUBSAMPLING ALGORITHM IN 
THE FEEDBACK LOOP 

Application Information: 

Title of the Invention UIGI I AL MUL 11-□R,.u ·I ,_ I ur(I IVl'II I ��·, • VVI I H NUNLl,.ettr< tiU 

I\LGORITHM IN THE FEEDBACK LOOP 
Attorney Docket Number f!207-113 I Small Entity Status Claimed □ 

Application Type Non provisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) I� I Suggested Figure for Publication (if any) 111

Filing By Reference: 

Only complete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

Application number of the previously Filing date ( YYYY -MM-DD) Intellectual Property Authority or Country 
filed application 

I 

Publication Information: 

□

□ 

Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. I hereby request that the attached application not be published under 
35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen months after filing. 

Representative Information: 

T 

T 

,_ 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: • Customer Number I US Patent Practitioner 10 Limited Recognition (37 CFR 11.9)

Customer Number �6093
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Attorney Docket Number 4207-113 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention DIGITAL MUL Tl-BAND PREDISTORTION LINEARIZER WITH NONLINEAR SUBSAMPLING ALGORITHM IN 
THE FEEDBACK LOOP 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indi cate National Stage 
entry from a PCT application. Providi ng this information in the application data sheet constitutes the speci fic reference required 
by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the appli cation number blank. 

Prior Application Status !='ending 
IT I Remove I 

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

I j:;ontinuation of 
IT 

13274290 �011-10-14 

Additional Domestic Benefit/National Stage Data may be generated within this form 
I Add I by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application 
that is eligible for retrieval under the priority document exchange program (PDXii the information will be used by the Office to 
automatically attempt retrieval pursuant to 37 CFR 1.55(h)(1) and (2). Under the POX program, applicant bears the ultimate 
responsibil ity for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1 ). 

I Remove I 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

I I I 
Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. I Add I 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 

Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

□ 16,2013.
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined under the first inventor to file provisions of the AIA.
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Application Number 

Title of Invention DIGITAL MUL Tl-BAND PREDISTORTION LINEARIZER WITH NONLINEAR SUBSAMPLING ALGORITHM IN
THE FEEDBACK LOOP 

Authorization to Permit Access: 

� Authorization to Permit Access to the Instant Application by the Participating Offices 

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), 
the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application 
is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant 
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application. 

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect
to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application 
claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is 
sought in the instant patent application. 

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the dale o f  filing this Authorization. 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Tille 37 of CFR
to have an assignment recorded by the Office. 

Applicant 11 I Remove I 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

I Clear I 

• Assignee
I 

Legal Representative under 35 U.S.C. 117 
I 

Joint Inventor 

Person to whom the inventor is obligated to assign. 
I 

Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

ITI 

Name of the Deceased or Legally Incapacitated Inventor :I 
If the Applicant is an Organization check here. □

Prefix Given Name Middle Name Family Name Suffix 

I IT tadhel IM J:,HANNOUCHI I 
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Application Number 

Title of Invention 
DIGITAL MUL Tl-BAND PREDISTORTION LINEARIZER WITH NONLINEAR SUBSAMPLING ALGORITHM IN 
THE FEEDBACK LOOP 

Mailing Address Information For Applicant: 

Address 1 �o University of Calgary, 2500 University Dr. N.W 

Address 2 Electrical and Computer Engineering Dpt. ICT 302 

City :;algary State/Province AB 

Country I J:;A Postal Code T2N 1N4 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. I Add I 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to 
have an assignment recorded by the Office. 

Assignee 11 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent 
application publication . An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

I Remove I 
If the Assignee or Non-Applicant Assignee is an Organization check here. □ 

Prefix Given Name Middle Name Family Name Suffix 

I B I I I I B 
Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City 11 State/Province 

Countryi 11 Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. I Add I 
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Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention DIGITAL MUL Tl-BAND PREDISTORTION LINEARIZER WITH NONLINEAR SUBSAMPLING ALGORITHM IN 
THE FEEDBACK LOOP 

Signature: Remove 

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and 
certifications. 

Signature KEVIN PILLAY/ Date (YYYY-MM-DD) �016-10-06 

First Name !Kevin I Last Name I IPillay Registration Number f,11559 

Additional Signature may be generated within this form by selecting the Add button. I Add I 

This collection of information is required by 37 CFR 1. 76. The information is required to obtain or retain a benefit by the public which 
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This 
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of lime you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement 

The Privacy Act of 1974 (P .L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to 

a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection 

of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is 

used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not 

furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 

result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) 

and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine 

whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or 

administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an

individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of

the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in 

order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as 

amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, 

as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent C o o p eration Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security

review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, 

during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records

management practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the

GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such

disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuan

to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37

CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were

terminated and which application is referenced by either a published application, an application open to public inspections or an issued

patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the

USPTO becomes aware of a violation or potential violation of law or regulation.
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
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if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
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Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
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promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
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+ 1-202-482-6800.
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In re Application of 
Ghannouchi, et al. 
Application No. 14/467,642 
Filed: August 25, 2014 
Attorney Docket No. 4207-113 

Commissioner for Patents 

United States Patent and Trademark Office 

P.O. Box 1450 

Alexandria, VA 22313-1450 
www.uspto.gov 

DECISION ON PETITION 

This is a decision on the petition under CFR 1.137(a), filed October 11, 2016, to revive 
the above-identified application. 

The petition is GRANTED.

The above-identified application became abandoned for failure to timely file inventor's 
oath or declarations, no later than the date on which the issue fee was paid, as required 
by the Notice Requiring Inventor's Oath or Declaration ((PTO-2306). The issue fee was 
paid on September 20, 2016, the application became abandoned by operation of law 
September 21, 2016. The Office mailed a Notice of Abandonment on September 23, 
2016. 

The petition satisfies the requirements of 37 CFR 1.137(a) in that the petitioner has 
supplied (1) the inventor's oath or declaration for Seyed Aid in Bassam; (2) the petition 
fee of $850.00; and (3) a statement of unintentional delay. 

It is noted that the Request to Correct lnventorship under 37 CFR 1.48(f) submitted with 
the instant petition has been approved. 

This application is being forwarded to the Office of Data Management for processing in 
due course. 
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Telephone inquiries related to this decision should be directed to Paralegal Specialist 
Paula Britton at 571-272-1556. All other inquiries concerning the examination or status 
of the application is accessible in the PAIR system at http://portal.uspto.gov/. 

/Irvin Dingle/ for 
Andrea Smith 
Lead Paralegal Specialist 
Office of Petitions 
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APPLICATION NO. 
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ISSUE DATE PATENT NO. 

05/02/2017 9641204 
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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. 

4207-113 1866 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

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

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the 
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee 
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management 
(ODM) at (571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Fadhel M. GHANNOUCHI, Calgary, CANADA; 
Fadhel M. GHANNOUCHI, Calgary, CANADA; 
Seyed Aidin BASSAM, Calgary, CANADA; 
Mohamed HELAOUI, Calgary, CANADA; 
Andrew KWAN, Calgary, CANADA; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
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