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LLC,
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v.

COOLPAD TECHNOLOGIES, INC. 
AND YULONG COMPUTER 
COMMUNICATIONS,

Defendants.
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Judge: Hon. Cathy Ann Bencivengo

Magistrate Judge: Hon. Barbara L.
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IN SUPPORT OF PLAINTIFF’S CLAIM CONSTRUCTIONS

1 This declaration is submitted with respect to the Coolpad, Huawei, and Kyocera 

Defendants pending the Court’s resolution of BNR’s Motion for Clarification as to 

ZTE (see Dkt. 75 in Case No. 3:18-cv-1786-CAB-BLM). If the Court determines that 

Dr. Madisetti is not precluded from opining on consolidated issues with respect to 

ZTE, this declaration will be deemed submitted in the ZTE matter as well.

BELL NORTHERN RESEARCH, 
LLC,

Plaintiff,

v.

ZTE CORPORATION,
ZTE (USA) INC.,
ZTE (TX) INC.,

Defendants.

C.A. No. 3:18-cv-1786-CAB-BLM1

EXHIBIT L, APPX361

Case 3:18-cv-01786-CAB-BLM   Document 88-13   Filed 05/24/19   PageID.4267   Page 3 of 67

ZTE, Exhibit 1020-0448 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28
AMENDED DECLARATION OF DR. VIJAY K. MADISETTI IN SUPPORT OF PLAINTIFF’S CLAIM 

CONSTRUCTIONS

i

Table of Contents 

BACKGROUND ............................................................................................................. 1

A. Qualifications and Experience................................................................................ 1

B. Compensation ......................................................................................................... 8

C. Scope of this Declaration ....................................................................................... 8

D. Materials Considered .............................................................................................. 8

LEGAL STANDARDS ................................................................................................... 9

A. Claim Construction ................................................................................................. 9

B. Definiteness ..........................................................................................................10

C. Person of Ordinary Skill in the Art ......................................................................10

OPINIONS .....................................................................................................................11

U.S. PATENT NOS. 7,319,889 and 8,204,554 .............................................................11

A. Person of Ordinary Skill in the Art ......................................................................11

B. “substantially concurrently” .................................................................................11

U.S. PATENT NO. 6,941,156 .......................................................................................11

A. Person of Ordinary Skill in the Art ......................................................................11

B. “simultaneous communication paths from said multimode cell phone” .............12

C. “a module to establish simultaneous communication paths from said multimode 

cell phone using both said cell phone functionality and said RF communication 

functionality” ........................................................................................................14

D. “an automatic switch over module, in communication with both said cell phone 

functionality and said RF communication functionality, operable to switch a 

communication path established on one of said cell phone functionality and said 

RF communication functionality, with another communication path later 

established on the other of said cell phone functionality and said RF 

communication functionality” ..............................................................................21

E. “cell phone functionality” ....................................................................................26

EXHIBIT L, APPX362

Case 3:18-cv-01786-CAB-BLM   Document 88-13   Filed 05/24/19   PageID.4268   Page 4 of 67

ZTE, Exhibit 1020-0449 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28
AMENDED DECLARATION OF DR. VIJAY K. MADISETTI IN SUPPORT OF PLAINTIFF’S CLAIM 

CONSTRUCTIONS

ii

F. “RF communication functionality” ......................................................................26

U.S. PATENT NO. 8,416,862 .......................................................................................26

A. Person of Ordinary Skill in the Art ......................................................................26

B. “decompose the estimated transmitter beamforming unitary matrix (V) to 

produce the transmitter beamforming information”.............................................27

C. “a baseband processing module operable to: receive a preamble sequence carried 

by the baseband signal; estimate a channel response based upon the preamble 

sequence; determine an estimated transmitter beamforming unitary matrix (V) 

based upon the channel response and a receiver beamforming unitary matrix (U); 

decompose the estimated transmitter beamforming unitary matrix (V) to produce 

the transmitter beamforming information; and form a baseband signal employed 

by the plurality of RF components to wirelessly send the transmitter 

beamforming information to the transmitting wireless device”...........................29

D. “the baseband processing module is operable to: produce the estimated 

transmitter beamforming unitary matrix (V) in Cartesian coordinates; and 

convert the estimated transmitter beamforming unitary matrix (V) to polar 

coordinates”..........................................................................................................40

U.S. PATENT NO. 7,957,450 .......................................................................................43

A. Person of Ordinary Skill in the Art ......................................................................43

B. “channel estimate matrices” / “matrix based on the plurality of channel 

estimates”...................................................................................................................43

C. “coefficients derived from performing a singular value matrix decomposition 

(SVD)” .......................................................................................................................47

U.S. PATENT NO. 7,990,842 .......................................................................................49

A. Person of Ordinary Skill in the Art ......................................................................49

B. “standard wireless networking configuration for an Orthogonal Frequency 

Division Multiplexing scheme”............................................................................50

EXHIBIT L, APPX363

Case 3:18-cv-01786-CAB-BLM   Document 88-13   Filed 05/24/19   PageID.4269   Page 5 of 67

ZTE, Exhibit 1020-0450 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28
AMENDED DECLARATION OF DR. VIJAY K. MADISETTI IN SUPPORT OF PLAINTIFF’S CLAIM 

CONSTRUCTIONS

iii 

C. “extended long training sequence”.......................................................................53

D. “a legacy wireless local area network device in accordance with a legacy 

wireless networking protocol standard” ....................................................................56

E. “optimal extended long training sequence” .........................................................58

F. “Inverse Fourier transformer” ..............................................................................58

EXHIBIT L, APPX364

Case 3:18-cv-01786-CAB-BLM   Document 88-13   Filed 05/24/19   PageID.4270   Page 6 of 67

ZTE, Exhibit 1020-0451 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28
AMENDED DECLARATION OF DR. VIJAY K. MADISETTI IN SUPPORT OF PLAINTIFF’S CLAIM 

CONSTRUCTIONS

1

BACKGROUND 

A. Qualifications and Experience 

My qualifications can be found in my Curriculum Vitae, which includes a 

complete list of my publications, and is attached as Appendix 1. Some of my 

background and experience that qualifies me to offer the opinions offered in this 

Declaration as an expert in the technical issues in this case follow.

I received my Bachelor of Technology (Honors) in Electronics and 

Electrical Communication Engineering at the Indian Institute of Technology (IIT) in 

Kharagpur, India, in 1984. I obtained my Ph.D. in Electrical Engineering and 

Computer Science at the University of California, Berkeley, in 1989. I received the 

Demetri Angelakos Outstanding Graduate Student Award from the University of 

California, Berkeley, and the IEEE/ACM Ira M. Kay Memorial Paper Prize in 1989.

I now am a tenured Professor in Electrical and Computer Engineering at 

Georgia Tech and currently serve as its representative to the European 

Telecommunications Standards Institute (“ETSI”). I am knowledgeable and familiar 

with wireless communications including the IEEE’s 802.11 standards, microprocessor 

architecture, radio frequency (“RF”) communication, cellular networks including 

ETSI/3GPP/3GPP2 standards, ASIC design, computer engineering, digital signal 

processing, sensors, wireless terminal power regulation, and software and firmware 

design for wireless and telecommunications terminals and base stations in general. I 

also am familiar with standard-setting organizations’ protocols and procedures.

I have created and taught undergraduate and graduate courses in hardware 

and software design for signal processing and wireless communication circuits at 

Georgia Tech for the past twenty years. I also have supervised the Ph.D. dissertations 

of over twenty engineers in the areas of computer engineering, signal processing, 

communications, rapid prototyping, and system level design methodology, of which 

EXHIBIT L, APPX365
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five have resulted in thesis prizes or paper awards. I also have graduated more than 20 

Ph.D. students that now work as professors or in technical positions around the world. 

Additionally, I have been active in the areas of wireless communications, 

digital signal processing, integrated circuit design (analog and digital), software 

engineering, system level design methodologies and tools, and software systems.

I have been the principal investigator (“PI”) or co PI in several active 

research programs in these areas, including DARPA’s Rapid Prototyping of 

Application Specific Signal Processors, the State of Georgia’s Yamacraw Initiative, 

the United States Army’s Federated Sensors Laboratory Program, and the United 

States Air Force Electronics Parts Obsolescence Initiative. I have received an IBM 

Faculty Award and NSF’s Research Initiation Award.

I have designed several specialized computer and communication systems 

over the past two decades at Georgia Tech for tasks such as wireless audio and video 

processing and protocol processing for portable platforms, such as cell phones and 

PDAs. I have worked on designing systems that are efficient from performance, size, 

weight, area, and thermal considerations.

I have developed courses and classes for the industry on these topics, and 

many of my lectures in advanced computer system design, developed under the 

sponsorship of the United States Department of Defense in the late 1990s, are 

available for educational use at http://www.eda.org/rassp and have been used by 

several U.S. and international universities as part of their course work.

I have been working in the area of wireless communications and signal 

processing, since the early 1980s. Some of my recent publications in the area of 

design of wireless communications systems and associated protocols are listed in 

Appendix 1.
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In the 1980s, I designed and prototyped a very low RF frequency (VLF) 

receiver for submarine communications utilizing MSK (Minimum Shift Key) 

modulation/demodulation techniques in hardware.

In the early 2000 2001 timeframe, I designed three GSM multiband 

mobile phones for a leading telecom equipment manufacturer in Asia.

In the 2002-2007 timeframe, I developed wireless baseband and protocol 

stack software and assembly code for a leading telecommunications handset vendor 

that focused on the efficient realization of speech codecs and echo cancellation and 

for another in the optimization of their 3G software stack. My work in this regard 

included the creation of software code and analysis and revision of existing software 

code.

I have been an active consultant to industry and various research 

laboratories (including Massachusetts Institute of Technology Lincoln Labs and Johns 

Hopkins University Applied Physics Laboratory). My consulting work for MIT 

Lincoln Labs involved high-resolution imaging for defense applications, where I 

worked in the area of prototyping complex and specialized computing systems. My 

consulting work for the Johns Hopkins Applied Physics Lab (“APL”) mainly involved 

localization of objects in image fields, where I worked on identifying targets in video 

and other sensor fields and identifying computer architectures and circuits for power 

and space efficient designs.

I have founded three companies in the areas of embedded software, 

military chipsets involving imaging technology, and wireless communications. The 

first of the companies I founded, VP Technologies, offers products in the area of 

semiconductor integrated circuits, including building computing systems for imaging 

systems for avionics electronics for the United States Air Force and the United States 

Navy, since 1995. I remain a director of VP Technologies. The second of these 

companies, Soft Networks, LLC, offers software for multimedia and wireless 

EXHIBIT L, APPX367
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computing platforms, including the development of a set top box for Intel that 

decodes MPEG 2 video streams, wireless protocol stacks, and imaging codecs for 

multimedia phones.  The technology involved with the design, development and 

implementation of the set top box included parsing the bit streams, decoding 

communications protocols, extracting image and video data, and then processing for 

subsequent display or storage.  The third of these companies, Elastic Video, uses 

region of interest based video encoding or decoding for capturing high-quality video 

at very low bit rates, with primary application for wireless video systems. 

I have authored more than sixty refereed journal publications and around 

forty peer-reviewed conference publications. I have been active in research in the 

area of wireless and mobile communications and some of my recent peer reviewed 

publications in this area include: (i) Mustafa Turkboylari & Vijay K. Madisetti, Effect 

of Handoff Delay on the System Performance of TDMA Cellular Systems, 

Proceedings of the Fourth IEEE Conference on Mobile and Wireless Communications 

Network 411 15 (Sept. 9 11, 2002); (ii) Loran A. Jatunov & Vijay K. Madisetti, 

Computationally Efficient SNR Estimation for Bandlimited Wideband CDMA 

Systems, 5 IEEE Transactions on Wireless Communications, no. 12 (2006) at 3480

91; and (iii) Nimish Radio, Ying Zhang, Mallik Tatipamula & Vijay K. Madisetti, 

Next Generation Applications on Cellular Networks: Trends, Challenges, and 

Solutions, 100 Proceedings of the IEEE, no. 4 (April 2012) at 841 54.

I have extensive experience analyzing, designing, and testing systems 

based on 3GPP Technical Specifications, including specifications describing 

WCDMA and HSDPA technologies. I have been active in the area of location

based services and wireless localization techniques since the mid 1990s, and have 

authored several papers on location based services, including, Vijay K. Madisetti et 

al., Mobile Fleet Application Using SOAP and System on Devices (SyD) Middleware 

Technologies, Communications, Internet, and Information Technology (2002) at 
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426 31.  I have served as associate editor or on the editorial board for technical 

journals, including IEEE Transactions on Circuits & Systems II, International Journal 

in Computer Simulation, and International Journal in VLSI Signal Processing. 

I have authored or co authored several books, including VLSI Digital 

Signal Processors (IEEE Press 1995) and the Digital Signal Processing Handbook 

(CRC Press, 1998, 2010). I co authored Quick Turnaround ASIC Design in 

VHDL (Kluwer Academic Press 1996) and Platform Centric Approach to System

on Chip (SoC) Design (Springer 2004). I am also the editor of several books, 

including the three volume DSP Handbook set: Volume 1: Digital Signal Processing 

Fundamentals, Volume 2: Video, Speech, and Audio Signal Processing and 

Associated Standards, and Volume 3: Wireless, Networking, Radar, Sensory Array 

Processing, and Nonlinear Signal Processing, published in 2010 by CRC Press, Boca 

Raton, Florida. More recently I have authored Cloud Computing (2014, CreateSpace 

Press), and Internet of Things (2014, CreateSpace), and the book, Cloud Computing, 

was nominated as a Notable Book of 2014 by the Association of Computing 

Machinery (ACM) in July 2015.

I have been elected a Fellow of the IEEE, for contributions to embedded 

computing systems. The Fellow is the highest grade of membership of the IEEE, a 

world professional body consisting of over 300,000 electrical and electronics 

engineers, with only one tenth of one percent (0.1%) of the IEEE membership being 

elected to the Fellow grade each year. Election to Fellow is based upon votes cast by 

existing Fellows in IEEE. I have also been awarded the 2006 Frederick Emmons 

Terman Medal by the American Society of Engineering Education for contributions to 

Electrical Engineering, including authoring a widely used textbook in the design of 

VLSI digital signal processors. I was awarded VHDL International Best Ph.D. 

Dissertation Advisor Award in 1997 and the NSF RI Award in 1990. I was Technical 

Program Chair for both the IEEE MASCOTS in 1994 and the IEEE Workshop on 
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Parallel and Distributed Simulation in 1990.  In 1989 I was recognized with the Ira 

Kay IEEE/ACM Best Paper Award for Best Paper presented at the IEEE Annual

Simulation Symposium. 

I have submitted approximately 40 invention disclosures and provisional 

patents over the past ten years. I am listed as the inventor on eight allowed or issued 

U.S. Patents. 

I am generally familiar with issues involving patents and with determining 

the meaning of patent claim terms from the perspective of a “person of ordinary skill 

in the art” (“POSITA”) at the time the purported invention was made.

I have completed reports, depositions, and provided testimony regarding 

communications systems in more than 20 proceedings over the past six years. About 

half of the proceedings in which I have testified were in the area of 

2G/3G/4G/WiFi/WiMax/OFDM/MIMO wireless transceiver design covering both 

hardware and software features of base stations and/or mobile devices.

I have followed, tested compliance requirements, participated in, and 

contributed to activities of Standards Setting Organizations (“SSOs”) such as the 

IEEE, IETF, ETSI, TIA, and others, as part of my work as a teacher and researcher in 

advanced telecom, wireless and computer technologies since the 1990s. 

I have been extensively involved in the activities of one of the premier 

SSOs in the world, the IEEE, since the 1980s, and I have participated in the 

development of standards for hardware design and description languages, such as 

VHDL, used in the design of computer chips – IEEE 1076.6.  This standard is now 

used worldwide in the design of advanced computer chips and associated design 

automation tools for VLSI.  I have also taught courses and authored papers and books 

on how to comply with these standards in terms of writing code for design of chipsets. 

The Internet Engineering Task Force (IETF) 

(https://www.ietf.org/how/wgs/) is the premier SSO in the area of computer networks 
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and associated technologies, and creates a number of working groups (WG) that focus 

on specific deliverables (guidelines, standards specifications, etc.) and focus on 

creating and improving existing network protocols.  I have contributed draft proposals 

for such improvement to standardized protocols over the past several years that 

include contributions to mobile wireless, stream controlled transport protocols, 

networking, encryption and voice/video transmission.  These proposals include:  

IETF Internet Draft (Nov 2002): Enhancements to ECRTP with 

Applications to Robust Header Compression for Wireless.  URL  

https://tools.ietf.org/html/draft-madisetti-rao-suresh-rohc-00

IETF Internet Draft (May 2002): Voice & Video over Mobile IP 

Networks.  URL https://tools.ietf.org/html/draft-madisetti-argyriou-

voice-video-mip-00

IETF Internet Draft (July 2002): A Transport Layer Technology for 

Improving QoS of Networked Multimedia Applications. URL 

https://tools.ietf.org/html/draft-madisetti-argyriou-voice-video-mip-00

I have developed speech and video codecs that comply with 3GPP 

standards, such as a Wideband AMR and the AMR.  These tasks involved developing 

software to implement the associated 3GPP standards and also tests to verify 

compliance with these standards. The families of these 3GPP standards include TS 

26.071 – TS 26.204, covering over a hundred standard specification documents.  The 

software that I developed that complies with these standards is now available 

commercially on millions of 3G and 4G handsets worldwide.  My codecs were tested 

on live 3G and 4G networks in Europe and the USA since the early 2004 – 2006 

timeframe. 

I have also developed several speech and VOIP codecs that conform with 

the ITU (International Telecommunications Union) standards G.723.1, G.729 and 
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Echo Cancellers conforming with the ITU G.168 standards (See 

https://www.itu.int/rec/T-REC-G.723/en)  

The software and code I have developed and tested based on technologies 

essential to the ITU standards are now used by one of the leading suppliers of 

VOIP/Internet telephones in the world.   This software is also part of commercially 

released soft switches for internet telephony used extensively in Asia.  See for 

example URL 

https://www.thehindubusinessline.com/bline/2002/04/09/stories/2002040900660700.h

tm

B. Compensation  

I am being paid for my work on this matter on an hourly basis at 

$500/hour. My compensation is not contingent on reaching any particular findings or 

conclusions, or on any particular outcome in this matter. I have no financial interest in 

the outcome of this matter.

C. Scope of this Declaration 

I submit this declaration at the request of Bell Northern Research LLC 

(“BNR”). BNR has asked me to review certain claim terms in BNR’s patents and to 

offer my opinions as to how a person of ordinary skill in the art would understand 

those terms. 

D. Materials Considered  

For this declaration, I have reviewed the specification, claims and file 

histories for U.S. Patent Nos. 7,957,450; 6,941,156; 8,416,862; 7,990,842; 7,319,889;

and 8,204,554 along with the associated file histories.  Further, I have reviewed the 

extrinsic evidence submitted by both BNR and Defendants in connection with the 

Local Patent Rule disclosures.
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In addition, in forming my opinions contained herein, I drew on my 

background and experience to consider the knowledge and viewpoint of a person of 

ordinary skill in the art at the time of the invention.

LEGAL STANDARDS 

I have applied the following principles in formulating the opinions 

contained herein. 

A. Claim Construction 

I have been informed and understand from counsel that to determine the 

meaning of the claims, one must start by considering the intrinsic evidence, which 

includes the claims themselves, the specification, and the prosecution history.  Each 

claim term is construed according to its ordinary and accustomed meaning as 

understood by one of ordinary skill in the art at the time of the invention in the context 

of the patent. 

I understand claims must be read in view of the specification, of which 

they are a part, and that the specification is always highly relevant to the claim 

construction analysis. However, I also understand that particular embodiments and 

examples appearing in the specification will not generally be read into the claims.  

I further understand that a term's context in the asserted claim can be 

instructive. Also, other asserted or unasserted claims can also aid in determining the 

claim's meaning, because claim terms are typically used consistently throughout the 

patent. Differences among the claim terms can also assist in understanding a term's 

meaning. For example, when a dependent claim adds a limitation to an independent 

claim, it is presumed that the independent claim does not include the limitation. 

Means-Plus-Function (§ 112(6))

I have been informed and understand from counsel that a claim limitation 

is subject to Section 112(6) if an element in a claim is expressed as a means or step 

for performing a specified function without the recital of structure, material, or acts in
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support thereof. In such a case, the claim limitation must be construed to cover the 

corresponding structure, material, or acts described in the specification and 

equivalents thereof.

I further understand that a claim limitation that does not use the phrase 

“means for” or “step for” will trigger a rebuttable presumption that § 112(6) does not 

apply. 

Furthermore, a claim limitation is not means-plus-function if persons of 

ordinary skill in the art reading the specification understand a term used in the 

limitation identifies the structure that performs the function. In other words, it is 

sufficient if the claim term is used in common parlance or by persons of skill in the 

pertinent art to designate structure, even if the term covers a broad class of structures 

and even if the term identifies the structures by their function. In this regard, the term 

is not required to denote any specific structure or a precise physical structure in order 

to avoid means plus function treatment.

B. Definiteness 

I have been informed and understand from counsel that a claim term is not 

indefinite if, when viewed in light of the specification and prosecution history, it 

informs those skilled in the art of the scope of the invention with reasonable certainty.

I further understand that whether a claim is indefinite is determined from the 

viewpoint of a person skilled in the art at the time the patent was filed.

C. Person of Ordinary Skill in the Art 

I understand that the level of ordinary skill may be reflected by the prior 

art of record and that a person of ordinary skill in the art (“POSITA”) to which the 

claimed subject matter pertains would have the capability of understanding the 

scientific and engineering principles applicable to the pertinent art.

I understand there are multiple factors that may be used when determining 

the level of ordinary skill in the pertinent art, including (1) the educational level of the 
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inventor; (2) the types of problems encountered in the art; (3) the prior art solutions to 

those problems; (4) the rapidity with which innovations are made; (5) the 

sophistication of the technology; and (6) the educational level of active workers in the 

field.  

OPINIONS 

U.S. PATENT NOS. 7,319,889 AND 8,204,554 

A. Person of Ordinary Skill in the Art 

I have been informed by counsel that the earliest possible priority date for 

the ’889 and ’554 Patents is June 17, 2003 (“priority date”). It is my opinion that a 

POSITA for the ’889 and ’554 patents would have a bachelor’s degree in electrical 

engineering, computer engineering, computer science or similar field, and two to three 

years of experience in digital communications systems, such as wireless 

communications systems and networks, or equivalent. Moreover, I recognize that 

someone with more technical education but less experience could have also met this 

standard. I believe that I possessed and exceeded such experience and knowledge 

before and at the priority date.

B. “substantially concurrently”2

It is my opinion that the term “substantially concurrently,” as used in the 

’889 Patent and the ’554 Patent informs a POSITA of the scope of the claim with 

reasonable certainty. 

I understand that Defendants’ expert may opine that this term is 

indefinite. I will respond to Defendants’ expert’s opinions in my rebuttal declaration.

U.S. PATENT NO. 6,941,156 

A. Person of Ordinary Skill in the Art 

2 A copy of Appendix B to the Parties’ Joint Claim Construction submission to the Court is attached 
to this Declaration as Appendix 3.
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I have been informed by counsel that the earliest possible priority date for 

the ’156 Patent is August 1, 2000 (“priority date”). It is my opinion that a POSITA 

for the ’156 patent would have a bachelor’s degree in electrical engineering, 

computer engineering, computer science or similar field, and two to three years of 

experience in digital communications systems, such as wireless communications 

systems and networks, or equivalent. Moreover, I recognize that someone with more 

technical education but less experience could have also met this standard. I believe 

that I possessed and exceeded such experience and knowledge before and at the 

priority date.

B. “simultaneous communication paths from said multimode cell phone”

It is my understanding that each side’s respective claim construction of 

the above term from the ’156 Patent is as follows: 

Plaintiff’s Proposed Construction Defendants’ Proposed Construction

Plain and ordinary meaning. In the 
alternative, to the extent the Court 
determines that a specific construction is 
warranted, BNR proposes: 

“two or more active links at the same 
time from said multimode cellphone”

“at least two established distinct and 
different communication links from 
said multimode cell phone to a far-
end communication device, at the 
same time”

The term “simultaneous communication paths from said multimode cell 

phone” appears in Claim 1 of the ’156 Patent:

1. A multimode cell phone, comprising: 
a cell phone functionality; and 
an RF communication functionality separate from said cell 

phone functionality; 
a module to establish simultaneous communication paths 

from said multimode cell phone using both said cell 
phone functionality and said RF communication 
functionality; and 

an automatic switch over module, in communication with 
both said cell phone functionality and said RF 
communication functionality, operable to switch a 
communication path established on one of said cell phone 
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functionality and said RF communication functionality, 
with another communication path later established on the 
other of said cell phone functionality and said RF 
communication functionality.  

It is my opinion that a person of ordinary skill in the art at the time of the 

invention would understand the term “simultaneous communication paths from said 

multimode cell phone” and that no construction would be necessary.  To the extent 

that the Court believes construction would be necessary or helpful, a person of skill in 

the art would understand that “simultaneous communication paths from said 

multimode cell phone” means “two or more active links at the same time from said 

multimode cellphone.”

As shown in Figure 1, two simultaneous communication paths (labeled 1st

and 2nd) are represented as active from the multimode cell phone 100.  They both 

communicate via RF communication, and connect either to the cellular network or to 

a base unit, both of which connect to a core telephone provider’s network. See Fig. 1; 

Col. 4:12–17. 

I understand that Defendants have proposed that the term be construed to 

mean “at least two established distinct and different communication links from said 

multimode cell phone to a far-end communication device, at the same time.” While I 

have not seen specific arguments from Defendants or their expert(s) supporting their 

construction, I believe this construction is flawed because it implies that the 

communication links for each mode must be established at both the near end device 

and the far end device.  

Figure 1 shows clearly that the two active links that are active from the 

same time from the multimode cellphone are two links only to the core network of the 

provider for the far end device 150.  See Figure 1.  That is, the simultaneous links are 

active from the multimode cell phone but there does not need to be two simultaneous 

links which are active at the far end device.  See Figure 1.  This is also confirmed by 

the specification, which states that the far end device “can be any telephonic device, 
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multi-mode or single mode.”  See Col. 4:12–17.  Should the far end device be single 

mode, it would not be possible for two links to simultaneously exist at the point of the 

far end device.  Thus, the specification is clear that it is only the multimode cell phone 

near-end device that must have simultaneous active links. 

Thus, Defendants’ construction conflicts with the specification and 

figures which show that there may be a single connection at the far end device. 

I understand that Defendants’ expert may offer an opinion in support of 

Defendants’ claim construction. I will respond to Defendants’ expert’s opinions in my 

rebuttal declaration. 

C. “a module to establish simultaneous communication paths from said 

multimode cell phone using both said cell phone functionality and said 

RF communication functionality”

It is my understanding that the following parties have the following 

positions on the above term from the ’156 Patent:
Plaintiff’s Proposed 

Construction
Kyocera’s Proposed 

Construction
Huawei & Coolpad’s 

Proposed 
Construction

Not a 112 ¶ 6 claim element –

In the alternative, to the extent 
the Court determines that this 
claim is governed by 112 ¶ 6, 
BNR proposes the following 
Function and Structure, and 
disagrees that the term is 
indefinite for lack of 
corresponding structure:

Function:
establish simultaneous 
communication paths from said 
multimode cell phone using 
both said cell phone 
functionality and said RF 
communication functionality 

Structure:

This is a 112 ¶ 6 claim 
element.

Function: “establish 
simultaneous 
communication paths 
from said multimode 
cell phone using both 
said cell phone 
functionality and said 
RF communication 
functionality”

Structure: Indefinite for 
lack of corresponding 
structure in the patent 
specification.

This is a 112 ¶ 6 claim 
element.

Function: “establish 
simultaneous 
communication paths 
from said multimode 
cell phone using both 
said cell phone 
functionality and said 
RF communication 
functionality”

Structure: Fig. 1 
(element 101); Fig. 2 
steps 202-208; Fig. 4 
steps 402-408; 4:50-67;
7:1-16.
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Corresponding structure for the 
alleged function exists in at 
least the following portions of 
the patent specification, or their 
equivalents:

Figs. 1, 3, Col. 3:48–4:49; 
4:54–5:62; 6:3–55; 6:60–8:5

The term “a module to establish simultaneous communication paths from 

said multimode cell phone using both said cell phone functionality and said RF 

communication functionality” appears in Claim 1 of the ’156 Patent:

1. A multimode cell phone, comprising: 
a cell phone functionality; and 
an RF communication functionality separate from said cell 

phone functionality; 
a module to establish simultaneous communication paths 

from said multimode cell phone using both said cell 
phone functionality and said RF communication 
functionality; and 

an automatic switch over module, in communication with 
both said cell phone functionality and said RF 
communication functionality, operable to switch a 
communication path established on one of said cell phone 
functionality and said RF communication functionality, 
with another communication path later established on the 
other of said cell phone functionality and said RF 
communication functionality. 

It is my opinion that the term is not mean-plus-function because a 

POSITA, viewing the term in light of the specification, would understand that it refers 

to a class of structures within multimode cell phones that negotiate and control each 

of the modes of communication, namely cellular, RF communication (other than 

cellular) including piconet, walkie-talkie, and such genus of RF communications

I understand that Defendants intend to argue that the term “a module to 

establish simultaneous communication paths from said multimode cell phone using 

both said cell phone functionality and said RF communication functionality” is a 

means-plus-function term, and that it lacks structure in the specification. First, as 

noted above and further described below, I disagree that this term is a means-plus-

function term.  Second, even if it were a means-plus-function term, I disagree that the 

term would lack sufficient structure. 
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This Term is Not Means-Plus-Function 

This term is not a means-plus-function because a POSITA, viewing the 

term in light of the specification, would understand that it refers to a class of 

structures within multimode cell phones that negotiate and control each of the modes 

of communication, namely cellular, RF communication (other than cellular) including 

piconet, walkie-talkie, and such genus of RF communications.

A person of ordinary skill in the art at the time of the invention was 

familiar with well-known modes of communication that are described in the 

specification itself. For example, cellular, wireless, cordless and related piconet 

technologies are all mentioned in the specification. See ’156 Patent, Col. 3:48-55, 

4:28-37.  As would be understood by a person of ordinary skill in the art, on review of 

at least Fig. 1, that these modes are related to the transceivers for each mode, which 

may be integrated or separate as was known in the art at the time of the invention.  

The highlighted Fig. 1 below shows the common notation for radio components in RF 

communication: 
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See ’156 Patent, Fig. 1.

Each of these modes is enabled and controlled by hardware and software 

within a multimode cell phone, and the interaction between each was understood in 

the art to be through integrated circuitry (including hardware and software) interacting 

with the transceivers. Thus, a person of ordinary skill in the art would understand that 

the “module to establish simultaneous communication paths from said multimode cell 

phone using both said cell phone functionality and said RF communication 

functionality” denotes a class of structures in multimode cell phones that negotiate 

and control each of the modes of communication, namely cellular, RF communication 

(other than cellular) including piconet, walkie-talkie, and such genus of RF 

communications in the known art of cellular telephone technology at the time of the 

invention.

Even if this Term were Means-Plus-Function, There is Sufficient Structure 
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Should the Court decide that the term “module to establish simultaneous 

communication paths from said multimode cell phone using both said cell phone 

functionality and said RF communication functionality” be governed by § 112, ¶ 6, it 

is my opinion that the term is not indefinite for lack of sufficient structure because 

sufficient structure is disclosed in the specification.  It is also my understanding that at 

least two defendants, Huawei and Coolpad, also believe that there is sufficient 

structure disclosed in the specification.  

With regard to function, it is my understanding that all parties agree that if 

the Court determined that 112 ¶ 6 applied to this term, the function would be the 

following: “establish simultaneous communication paths from said multimode cell 

phone using both said cell phone functionality and said RF communication 

functionality.”

My opinion, therefore is that the related structure is disclosed as the 

multimode cellular phone 100 in Figure 1, including the transceivers and related 

hardware and software components of 100a and 100b of multimode cellular phone 

100 which also connects to one skilled in the art that there is a structure that is 

circuitry (including hardware and software) that controls, based on described inputs, 

produces certain outputs based on certain types of calculations, and also describes 

where the information travels next. See ’156 Patent, Figure 1, Col. 3:52–55. This is 

confirmed by noting that Figure 1 shows an embodiment of a multimode cell phone in 

which the simultaneous communication paths are signified by the “1st” and “2nd”

arrows labeled in the figure. A person of ordinary skill in the art would understand 

how a multimode cell phone would transmit and receive for each of these modes, and 

the particular hardware and software components are well known in the art of cellular 

telephone technology.  

Second, the specification further describes that “more than one mode of 

the multimode cell phone 100 may operate simultaneously, allowing the establishment 
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of a secondary communication path in the background, allowing easy and quick 

switch over as desired or required.” ’156 Patent, Col. 3:64-4:1. This disclosure 

confirms that the module to establish simultaneous communication is also the module 

in a multimode cellular telephone that controls each of the transceivers, such as an 

integrated circuit, the existence of such integrated circuits are well known in the art 

(though the invention’s modification to these circuits and modules that allows for 

simultaneous communication paths and switchover processes as described below were 

not in the prior art but instead novel inventive modifications).  

The specification further describes Figure 1 and that the components 

within the multimode cell phones capable of establishing communication paths: “For 

explanation purposes, Fig. 1 depicts an established telephone call between the 

multimode cell phone 150….Once the multimode cell phone 100 extends beyond its 

acceptable range…the telephone call between the multimode cell phone 100 and the 

far end telephone 150 is automatically re-established using the cellular network…” 

Col. 4:12-23.

Further confirming the proposed structure and equivalents thereof, the 

specification also describes techniques and associated software and hardware 

available to one of skill in the art to establish the simultaneous communication paths. 

For example, it states that “numbers for the far end party may be recalled from a last 

number dialed functionality of the multimode cell phone.” ’156 Patent, Col. 5:27-32.

In addition, the specification describes that the communication paths may be tracked 

by a lookup table including entries relating to alternate numbers associated with the 

same party, and that a communication path can be checked against and matched with 

entries in such a table. See ’156 Patent, Col. 6:3-8, 6:33-40. A person of ordinary skill 

in the art would understand that the “lookup table” is a commonly used tracking 

mechanism implemented in software in the multimode cell phone. In this context, it 

would be used to identify which communication paths to switch between. 
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The specification and additional figures provide additional examples of 

the types of communication paths that may be used in conjunction with the multimode 

phone. See ’156 Patent, Fig. 3, Col. 6:60-8:5. 

Thus, it is my opinion that should the Court construe the term to be 

governed by § 112 ¶ 6, that there is sufficient disclosed structure such that the term is 

not indefinite for lack of sufficient structure.

I also note that while Kyocera has claimed that the term lacks sufficient 

structure, Defendant has not provided any explanation, basis, or reasoning as to why it

believes it lacks sufficient structure.  Therefore, I reserve the right to rely on any 

additional intrinsic or extrinsic evidence as may be necessary to refute its argument 

upon it being disclosed for the first time in its opening claim construction brief and 

related expert declarations.

I further note that Huawei and Coolpad first identified its proposed 

structure for this term hours before the deadline to submit the Joint Claim 

Construction Submission to the Court.  As a result, I am still reviewing these 

Defendants’ positions and reserve the right to offer additional opinions and rely on 

any additional intrinsic or extrinsic evidence as may be necessary to refute their 

argument upon it being first sufficiently disclosed (and discussed) for the first time in 

their opening claim construction brief and related expert declarations.

I understand, further, that Huawei and Coolpad have proposed the 

following structure for the identified function: Fig. 1 (element 101); Fig. 2 steps 202-

208, Fig. 4 steps 402-408, 4:50-67; 7:1-16. I believe that Huawei and Coolpad have 

narrowed the structure too far and attempts to read different “exemplary process[es]”,

see 4:50–67 (“Fig. 2 shows an exemplary process of handing over a telephone call 

from the cordless mode of a multimode cell phone to a cellular mode of the 

multimode cell phone . . . .”); 7:1–16 (“Fig. 4 shows an exemplary process for 

handing over the walkie-talkie conversation to the cellular telephone call handled by 
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the cellular mode of the multimode cell phones.”) into a required limitation and 

further precludes structure that I have identified above  

I understand that Defendants’ expert may offer an opinion in support of 

Defendants’ claim construction and identification of function and structure. I will 

respond to Defendants’ expert’s opinions in my rebuttal declaration.  

D. “an automatic switch over module, in communication with both said cell 

phone functionality and said RF communication functionality, operable 

to switch a communication path established on one of said cell phone 

functionality and said RF communication functionality, with another 

communication path later established on the other of said cell phone 

functionality and said RF communication functionality”

It is my understanding that the following parties have the following 

positions regarding the above term from the ’156 Patent:

Plaintiff’s Proposed 
Construction

Kyocera’s Proposed 
Construction

Huawei & Coolpad’s 
Proposed Construction

Not a 112 ¶ 6 claim element 

In the alternative, to the 
extent the Court determines 
that this claim is governed by 
112 ¶ 6, BNR proposes the 
following Function and 
Structure, and disagrees that 
the term is indefinite for lack 
of corresponding structure:

Function:
in communication with both 
said cell phone functionality 
and said RF communication 
functionality, operable to 
switch a communication path 
established on one of said cell 
phone functionality and said 
RF communication 
functionality, with another 
communication path later 
established on the other of 

This is a 112 ¶ 6 
claim element.

Function: “in 
communication with 
both said cell phone 
functionality and said 
RF communication 
functionality, 
operable to switch a 
communication path 
established on one of 
said cell phone 
functionality and said 
RF communication 
functionality, with 
another 
communication path 
later established on 
the other of said cell 
phone functionality 
and said RF 

This is a 112 ¶ 6 claim 
element.

Function: “automatic 
switch over of a 
communication path 
established on one of said 
cell phone functionality 
and said RF 
communication 
functionality, with another 
communication path later 
established on the other of 
said cell phone 
functionality and said RF 
communication 
functionality”

Structure: Fig. 1 (element 
101); Fig. 2 steps 210-212; 
Fig. 4 steps 410-412; 5:1-7;
7:17-26, claim 1 (“an 
automatic switch over 
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said cell phone functionality 
and said RF communication 
functionality

Structure:
Corresponding structure for 
the alleged function exists in 
at least the following portions 
of the patent specification, or 
their equivalents:

Figs. 1, 3, Col. 3:48–4:49; 
4:54–5:62; 6:3–55; 6:60–8:5

communication 
functionality”

Structure: Indefinite 
for lack of 
corresponding 
structure in the patent 
specification.

module, in communication 
with both said cell phone 
functionality and said RF 
communication 
functionality”).

The term “an automatic switch over module, in communication with both 

said cell phone functionality and said RF communication functionality, operable to 

switch a communication path established on one of said cell phone functionality and 

said RF communication functionality, with another communication path later 

established on the other of said cell phone functionality and said RF communication 

functionality” appears in Claim 1 of the ’156 Patent:

1. A multimode cell phone, comprising: 
a cell phone functionality; and 
an RF communication functionality separate from said cell 

phone functionality; 
a module to establish simultaneous communication paths 

from said multimode cell phone using both said cell 
phone functionality and said RF communication 
functionality; and 

an automatic switch over module, in communication with 
both said cell phone functionality and said RF 
communication functionality, operable to switch a 
communication path established on one of said cell 
phone functionality and said RF communication 
functionality, with another communication path later 
established on the other of said cell phone functionality 
and said RF communication functionality.

I understand that Defendants intend to argue that the term “an automatic 

switch over module, in communication with both said cell phone functionality and 

said RF communication functionality, operable to switch a communication path 

established on one of said cell phone functionality and said RF communication 

functionality, with another communication path later established on the other of said 

cell phone functionality and said RF communication functionality” is a means-plus-
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function term.  I understand that Kyocera also contends that it lacks structure in the 

specification, but that two other Defendants (Huawei and Coolpad) have identified 

structure for the alleged function. First, I disagree that this term is a means-plus-

function term.  Second, even if it were a means-plus-function term, I disagree that the 

term would lack sufficient structure.  

This Term is Not Means-Plus-Function 

As described above, in paragraphs 58–60, a person of ordinary skill in the 

art is aware of the components of a multimode cellular phone and how each mode is 

enabled and controlled by hardware and software within a multimode cell phone, and 

the interaction between each was understood in the art to be through integrated 

circuitry interacting with the transceivers. Thus, a person of ordinary skill in the art 

would understand that the “an automatic switch over module, in communication with 

both said cell phone functionality and said RF communication functionality, operable 

to switch a communication path established on one of said cell phone functionality 

and said RF communication functionality, with another communication path later 

established on the other of said cell phone functionality and said RF communication 

functionality” denotes a class of structures that control the radios in the known art of

cellular telephone technology at the time of the invention, including integrated circuits 

and the like, and that the term here represents an inventive modification to those 

known structures. 

Even if this Term were Means-Plus-Function, There is Sufficient Structure 

Should the Court decide that the term “an automatic switch over module, 

in communication with both said cell phone functionality and said RF communication 

functionality, operable to switch a communication path established on one of said cell 

phone functionality and said RF communication functionality, with another 

communication path later established on the other of said cell phone functionality and 
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said RF communication functionality” be governed by § 112, ¶ 6, it is my opinion that 

the term is not indefinite for lack of sufficient structure because sufficient structure is 

disclosed in the specification.  It is also my understanding that at least two defendants, 

Huawei and Coolpad, also believe that there is sufficient structure disclosed in the

specification.   

With regard to function, it is my understanding that all the Defendants 

have identified separate proposed functions.  Specifically, I understand that the 

proposed functions are as in the table below:

BNR’s Proposed 
Function

Kyocera’s Proposed 
Function

Huawei and Coolpad’s 
Proposed Construction

in communication with 
both said cell phone 
functionality and said RF 
communication 
functionality, operable to 
switch a communication 
path established on one of 
said cell phone 
functionality and said RF 
communication 
functionality, with another 
communication path later 
established on the other of 
said cell phone 
functionality and said RF 
communication 
functionality

in communication with 
both said cell phone 
functionality and said RF 
communication 
functionality, operable to 
switch a communication 
path established on one of 
said cell phone 
functionality and said RF 
communication 
functionality, with another 
communication path later 
established on the other of 
said cell phone 
functionality and said RF 
communication 
functionality

automatic switch over of a 
communication path 
established on one of said 
cell phone functionality 
and said RF 
communication 
functionality, with another 
communication path later 
established on the other of 
said cell phone 
functionality and said RF 
communication 
functionality

My opinion is that the related structure to BNR’s proposed function is 

disclosed as the multimode cellular phone 100 in Figure 1, including the transceivers 

and related hardware and software components of 100a and 100b of multimode 

cellular phone 100 and the automatic switchover module 101 that is shown 

implemented within the hardware and software of the multimode cell phone.  See

Figure 1; Col. 3:52–55. This is confirmed by noting that Figure 1 shows an 
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embodiment of a multimode cell phone in which the simultaneous communication 

paths are signified by the “1st” and “2nd” arrows labeled in the figure and further 

noting that the specification makes clear that the automatic switchover module 101 “is 

in communication with each communication path functionality” and that the “desired 

mode of the multimode cell phone 100 may be controlled through suitable 

communications with each communication path functionality.”  See ’156 Patent, Fig. 

1; Col. 3:56–63.  A person of ordinary skill in the art would understand how a 

multimode cell phone would transmit and receive for each of these modes and which 

components would incorporate the inventive additional functionalities embodied in 

this claim, and the particular hardware and software components are well known in 

the art of cellular telephone technology.  

I also note that while Kyocera has claimed that the term lacks sufficient 

structure, Defendant has not provided any explanation, basis, or reasoning as to why it

believe it lacks sufficient structure.  Therefore, I reserve the right to rely on any 

additional intrinsic or extrinsic evidence as may be necessary to refute its argument 

upon it being disclosed for the first time in its opening claim construction brief and 

related expert declarations. 

I further note that Huawei and Coolpad first identified its proposed 

structure and differing function for this term hours before the deadline to submit the 

Joint Claim Construction Submission to the Court.  As a result, I am still reviewing 

these Defendants’ positions and reserve the right to offer additional opinions and rely 

on any additional intrinsic or extrinsic evidence as may be necessary to refute their 

argument upon it being first sufficiently disclosed (and discussed) for the first time in 

their opening claim construction brief and related expert declarations.

I understand, further, that Huawei and Coolpad have proposed the 

following structure for the its identified function: Fig. 1 (element 101); Fig. 2 steps 

210-212; Fig. 4 steps 410-412; 5:1-7; 7:17-26, claim 1 (“an automatic switch over 
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module, in communication with both said cell phone functionality and said RF 

communication functionality”). I believe that Huawei and Coolpad have narrowed the 

structure too far and attempts to read an “exemplary process” into a required 

limitation and further precludes structure that I have identified above, including 100, 

and 100a and 100b.  

I understand that Defendants’ expert may offer an opinion in support of 

Defendants’ claim construction and identification of function and structure. I will 

respond to Defendants’ expert’s opinions in my rebuttal declaration.

E. “cell phone functionality” 

It is my opinion that the term “cell phone functionality” informs a 

POSITA of the scope of the claim with reasonable certainty. 

I understand that Defendants’ expert may opine that this term is 

indefinite. I will respond to Defendants’ expert’s opinions in my rebuttal declaration.

F. “RF communication functionality” 

It is my opinion that the term “RF communication functionality” informs 

a POSITA of the scope of the claim with reasonable certainty. 

I understand that Defendants’ expert may opine that this term is 

indefinite. I will respond to Defendants’ expert’s opinions in my rebuttal declaration.

U.S. PATENT NO. 8,416,862 

A. Person of Ordinary Skill in the Art 

I have been informed by counsel that the earliest possible priority date for 

the ’862 Patent is April 21, 2005 (“priority date”). It is my opinion that a POSITA for 

the ’862 patent would have a bachelor’s degree in electrical engineering, computer 

engineering, computer science or similar field, and two to three years of experience in 

digital communications systems, such as wireless communications systems and 

networks, or equivalent. Moreover, I recognize that someone with more technical 

education but less experience could have also met this standard. I believe that I 
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possessed and exceeded such experience and knowledge before and at the priority 

date. 

B. “decompose the estimated transmitter beamforming unitary matrix (V) 

to produce the transmitter beamforming information”

It is my understanding that each side’s respective claim construction of 

the above term from the ’862 patent is as follows:

Plaintiff’s Proposed Construction Defendants’ Proposed 
Construction

Plain and ordinary meaning. In the 
alternative, to the extent the Court 
determines that a specific construction is 
warranted, BNR proposes: 

“factor the estimated transmitter 
beamforming unitary matrix (V) to 
produce a reduced number of quantized 
coefficients”

“factor the estimated transmitter 
beamforming unitary matrix (V) to 
produce a reduced set of angles”

The term “decompose the estimated transmitter beamforming unitary 

matrix (V) to produce the transmitter beamforming information” appears in Claim 9 

of the ’862 patent:

9. A wireless communication device comprising: 
a plurality of Radio Frequency (RF) components operable to 

receive an RF signal and to convert the RF signal to a 
baseband signal; and 

a baseband processing module operable to: 
receive a preamble sequence carried by the baseband signal; 
estimate a channel response based upon the preamble 

sequence;
determine an estimated transmitter beamforming unitary 

matrix (V) based upon the channel response and a 
receiver beamforming unitary matrix (U); 

decompose the estimated transmitter beamforming unitary 
matrix (V) to produce the transmitter beamforming 
information; and 

form a baseband signal employed by the plurality of RF 
components to wirelessly send the transmitter 
beamforming information to the transmitting wireless 
device.  
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It is my opinion that a POSITA would understand the term “decompose 

the estimated transmitter beamforming unitary matrix (V) to produce the transmitter 

beamforming information” would be understood by a person of ordinary skill in the 

art at the time of the invention, and that no construction would be necessary.  To the 

extent that the Court believes construction would be necessary or helpful, a person of 

skill in the art would understand that “decompose the estimated transmitter 

beamforming unitary matrix (V) to produce the transmitter beamforming information” 

means “factor the estimated transmitter beamforming unitary matrix (V) to produce a 

reduced number of quantized coefficients.”

In the context of this term, it is important to understand that the goal of 

the claimed approaches is to, as described in the specification, “reduces the size of the 

feedback information” including over the use of Cartesian coordinates. See ’862 

patent, Col. 12:60-64.

Thus, as the patent explains, the “coefficients of Givens Rotation and the 

phase matrix coefficients serve as the transmitter beamforming information that is 

sent from the receiving wireless communication device to the transmitting wireless 

communication device.” See ’862 patent, Col. 15:34-39.  The Givens rotation operates 

to reduce the set of coefficients of the estimated transmitter beamforming matrix (V).  

See ’862 patent, Col. 14:48-15:8.  Such reduction permits transmitting fewer 

coefficients back.  

The invention discloses further reduction through quantization of the 

coefficients.  See ’862 patent, Col. 15:9-17.  As used in the patent and as understood 

by a person of skill in the art, quantization is reducing a larger set of possible values 

to a smaller set.  Here, for example, the patent discloses that a “quantized angle is 

either [pi/4, 3pi/4] to cover [0, pi] angle resolution of pi/2.”  See ’860 patent, Col. 

13:14-15.  Thus, the invention clearly indicates that the angles in the estimated 

transmitter beamforming unitary matrix (V) are mapped (or quantized) to a finite set 
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of representative angles or values based upon the angle resolution as would be 

applied. 

I have reviewed Defendants’ proposed construction, which is “factor the 

estimated transmitter beamforming unitary matrix (V) to produce a reduced set of 

angles” and believe that this construction is incorrect.  Specifically, it is incorrect that 

the transmitter beamforming information is a reduced set of angles.  Instead, as the 

patent clearly states, and my opinion above describes, the transmitter beamforming 

information is further quantized as described in the invention.  Additionally, a person 

of ordinary skill in the art knows that such transmitter beamforming information may 

be otherwise converted to a form for transmission that may represent bits or other 

representations of certain angles, and would not send angles via plain text or other 

readable manner.  

I understand that Defendants’ expert may offer an opinion in support of 

Defendants’ claim construction. I will respond to Defendants’ expert’s opinions in my 

rebuttal declaration.

C. “a baseband processing module operable to: receive a preamble 

sequence carried by the baseband signal; estimate a channel response 

based upon the preamble sequence; determine an estimated transmitter 

beamforming unitary matrix (V) based upon the channel response and a 

receiver beamforming unitary matrix (U); decompose the estimated 

transmitter beamforming unitary matrix (V) to produce the transmitter 

beamforming information; and form a baseband signal employed by the 

plurality of RF components to wirelessly send the transmitter 

beamforming information to the transmitting wireless device”

It is my understanding that each side has the following positions on the 

above term from the ’862 patent:

Plaintiff’s Proposed Construction Defendants’ Proposed 
Construction
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Not a 112 ¶ 6 claim element 

In the alternative, to the extent the Court 
determines that this claim is governed 
by 112 ¶ 6, BNR proposes the following 
Function and Structure, and disagrees 
that the term is indefinite for lack of 
corresponding structure:

Function:
“receive a preamble sequence carried by 
the baseband signal;
estimate a channel response based upon 
the preamble sequence;
determine an estimated transmitter
beamforming unitary matrix (V) based 
upon the channel response and a 
receiver beamforming unitary matrix 
(U);
decompose the estimated transmitter 
beamforming unitary matrix (V) to 
produce the transmitter beamforming 
information; and form a baseband signal 
employed by the plurality of RF 
components to wirelessly send the 
transmitter beamforming information to 
the transmitting wireless device”

Structure:
Corresponding structure for the alleged 
function exists in at least the following 
portions of the patent specification, or 
their equivalents: 

Figs. 2-5, Col. 5:49–6:12, 6:37–7:20; 
7:51–9:30; 9:31–13:35; 13:54–15:67.

This is a 112 ¶ 6 claim element.

Function: “receive a preamble 
sequence carried by the baseband 
signal;
estimate a channel response based 
upon the preamble sequence;
determine an estimated transmitter 
beamforming unitary matrix (V) 
based upon the channel response and 
a receiver beamforming unitary 
matrix (U);
decompose the estimated transmitter 
beamforming unitary matrix (V) to 
produce the transmitter beamforming 
information; and
form a baseband signal employed by 
the plurality of RF components to 
wirelessly send the transmitter 
beamforming information to the 
transmitting wireless device”

Structure: Indefinite for lack of 
corresponding structure in the patent 
specification.

The term “a baseband processing module operable to: receive a preamble 

sequence carried by the baseband signal; estimate a channel response based upon the 

preamble sequence; determine an estimated transmitter beamforming unitary matrix 

(V) based upon the channel response and a receiver beamforming unitary matrix (U); 

decompose the estimated transmitter beamforming unitary matrix (V) to produce the 

transmitter beamforming information; and form a baseband signal employed by the 

plurality of RF components to wirelessly send the transmitter beamforming 

information to the transmitting wireless device” appears in Claim 9 of the ’862 patent:
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9. A wireless communication device comprising: 
a plurality of Radio Frequency (RF) components operable to 

receive an RF signal and to convert the RF signal to a 
baseband signal; and 

a baseband processing module operable to: 
receive a preamble sequence carried by the baseband 

signal; 
estimate a channel response based upon the preamble 

sequence;
determine an estimated transmitter beamforming unitary 

matrix (V) based upon the channel response and a 
receiver beamforming unitary matrix (U); 

decompose the estimated transmitter beamforming unitary 
matrix (V) to produce the transmitter beamforming 
information; and  

form a baseband signal employed by the plurality of RF 
components to wirelessly send the transmitter 
beamforming information to the transmitting wireless 
device.

It is my opinion that this term is not a means-plus-function claim because 

a POSITA, viewing the term in light of the specification, would understand that it 

refers to a class of structures of baseband processors that may be implemented in 

whole or in part in ASIC, FGPA, logic circuits, or similar implementation methods in 

RF communication hardware and software.

I understand that Defendants intend to argue that the term “a baseband 

processing module operable to: receive a preamble sequence carried by the baseband 

signal; estimate a channel response based upon the preamble sequence; determine an 

estimated transmitter beamforming unitary matrix (V) based upon the channel 

response and a receiver beamforming unitary matrix (U); decompose the estimated 

transmitter beamforming unitary matrix (V) to produce the transmitter beamforming 

information; and form a baseband signal employed by the plurality of RF components 

to wirelessly send the transmitter beamforming information to the transmitting 

wireless device” is a means-plus-function term, and that it lacks structure in the 

specification. First, as stated above and described below, I disagree that this term is a 

means-plus-function term.  Second, even if it were a means-plus-function term, I 

disagree that the term would lack sufficient structure. 
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This Term is Not Means-Plus-Function 
This term is not a means-plus-function because a POSITA, viewing the 

term in light of the specification, would understand that it refers to a class of 

structures of baseband processors that may be implemented in whole or in part in 

ASIC, FGPA, logic circuits, or similar implementation methods in RF 

communication hardware and software.  This is first confirmed within the 

specification itself, which states

The baseband processing modules 100 may be implemented using one 
or more processing devices. Such a processing device may be a 
microprocessor, micro-controller, digital signal processor, 
microcomputer, central processing unit, field programmable gate 
array, programmable logic device, state machine, logic circuitry, 
analog circuitry, digital circuitry, and/or any device that manipulates 
signals (analog and/or digital) based on operational instructions. The 
memory 65 may be a single memory device or a plurality of memory 
devices. Such a memory device may be a read-only memory, random 
access memory, volatile memory, non-volatile memory, static 
memory, dynamic memory, flash memory, and/or any device that 
stores digital information. Note that when the processing module 100 
implements one or more of its functions via a state machine, analog 
circuitry, digital circuitry, and/or logic circuitry, the memory storing 
the corresponding operational instructions is embedded with the 
circuitry comprising the state machine, analog circuitry, digital 
circuitry, and/or logic circuitry. 

See ’862 Patent, Col. 8:1-20.

Further, the specification confirms how the wireless communication may 

be implemented using one or more integrated circuits for the respective structures of 

the wireless communication device:

As one of average skill in the art will appreciate, the wireless 
communication device of FIG. 3 may be implemented using one or 
more integrated circuits. For example, the host device may be 
implemented on one integrated circuit, the baseband processing 
module 100 and memory 65 may be implemented on a second 
integrated circuit, and the remaining components of the radio 60, less 
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the antennas 81-85, may be implemented on a third integrated circuit. 
As an alternate example, the radio 60 may be implemented on a single 
integrated circuit. As yet another example, the processing 
module 50 of the host device and the baseband processing 
module 100 may be a common processing device implemented on a 
single integrated circuit. Further, the memory 52 and memory 65 may 
be implemented on a single integrated circuit and/or on the same 
integrated circuit as the common processing modules of processing 
module 50 and the baseband processing module 100.

See ’862 Patent, Col. 9:13-30. 

Likewise, the ’862 patent discusses the baseband processing module in 

the context of specific structure or processing modules that are aspects of a physical 

wireless device.  For example, the ’862 patent states that “Most of the operations 700 

of Fig. 7 are typically performed by a baseband processing module, e.g. 100 of Fig. 3 

of a receiving wireless device.”  See ’862 Patent, Col. 13:31–35.  This usage also 

confirms to a person of ordinary skill in the art that the baseband processing module is 

a specific component (hardware and/or software) of a wireless device.  

Thus, the specification of the ’862 patent confirms that, to a person of 

ordinary skill in the art, this term is itself a class of structures that would be known 

and readily understood by a person of skill in the art, namely baseband processors, in 

their various implementations.

Additionally, reviewing extrinsic evidence available around the time of 

the filing of the patent also indicates that those of skill in the art use the term baseband 

processing module to refer to the baseband processor in RF communication devices, 

and that such terms refer more broadly to the implementation of baseband operations 

in ASIC, FGPA, logic circuits, or other like implementations.

For example, the paper Wireless vs. Wired. How Software Define Radio 

technology addresses issues related to the use of wireless networks when compared to 

a wired solution, written in May 2005, includes the following description of a 

baseband processing module: 
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See BNR-SDCA00037995 at 37999.  This usage of baseband processing module 

comports with my understanding of how a person of skill in the art would understand 

that the term denoted a specific class of structures at the time of the invention. 

As another example, the academic paper Evolution of Mobile Base Station 

Architectures, written by Igor S. Simic in June 2007, uses the term baseband module 

to denote a class of structures with specific responsibilities in the transmission and 

receiving of RF signals, and states “[t]he baseband module processes the encoded 

signal before transmitting/receiving it from/to the core network through the 

transmission module.”  Though this paper was written shortly after the time of the 

invention, it comports with how a person of skill in the art would have used the term 

at the time of the invention.  See BNR-SDCA-00037973 at 37976.
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Another example, the industry document A Simple Baseband Processor 

for RF Transceivers, explains the role and implementation of a baseband processor as 

follows:

See BNR-SDCA-00037967.  This usage in the industry also comports with how a 

person of skill in the art used this term to describe a particular class of structures or 

components used in RF transmission at the time of the invention.   

Thus, it is my opinion that a person of skill in art at the time of the 

invention would have understood that viewing the term in light of the specification, it 

refers to a class of structures of baseband processors that may be implemented in 

whole or in part in ASIC, FGPA, logic circuits, or similar implementation methods in 

RF communication hardware.

Even if this Term were Means-Plus-Function, There is Sufficient Structure 
Should the Court decide that the term “a baseband processing module 

operable to: receive a preamble sequence carried by the baseband signal; estimate a 

channel response based upon the preamble sequence; determine an estimated 

transmitter beamforming unitary matrix (V) based upon the channel response and a 

receiver beamforming unitary matrix (U); decompose the estimated transmitter 

beamforming unitary matrix (V) to produce the transmitter beamforming information; 

and form a baseband signal employed by the plurality of RF components to wirelessly 

send the transmitter beamforming information to the transmitting wireless device” be 
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governed by § 112, ¶ 6, it is my opinion that the term is not indefinite for lack of 

sufficient structure because sufficient structure is disclosed in the specification. 

With regard to function, it is my understanding that both parties agree that 

if the Court determined that 112 ¶ 6 applied to this term, the function would be the 

following: “receive a preamble sequence carried by the baseband signal; estimate a 

channel response based upon the preamble sequence; determine an estimated 

transmitter beamforming unitary matrix (V) based upon the channel response and a 

receiver beamforming unitary matrix (U); decompose the estimated transmitter 

beamforming unitary matrix (V) to produce the transmitter beamforming information; 

and form a baseband signal employed by the plurality of RF components to wirelessly 

send the transmitter beamforming information to the transmitting wireless device.”  

The corresponding structure for the alleged function for the term exists 

and is first shown in Figure 3 of the ’862 Patent and connotes to one skilled in the art 

that there is a structure that is circuitry (including hardware and software) that 

controls, based on described inputs, produces certain outputs based on certain types of 

calculations, and also describes where the information travels next (and its equivalents 

thereof):
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Further within the figures, Figure 4 shows the baseband receive 

processing 100-RX, which is within the baseband processing module 100 and connotes 

to one skilled in the art that there is a structure that is circuitry (including hardware and 

software) that controls, based on described inputs, produces certain outputs based on 

certain types of calculations, and also describes where the information travels next:

EXHIBIT L, APPX401

Case 3:18-cv-01786-CAB-BLM   Document 88-13   Filed 05/24/19   PageID.4307   Page 43 of 67

ZTE, Exhibit 1020-0488 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28
AMENDED DECLARATION OF DR. VIJAY K. MADISETTI IN SUPPORT OF PLAINTIFF’S CLAIM 

CONSTRUCTIONS

38

See ’862 Patent, Fig. 5.  

As discussed in the specification, the beamforming module 144 multiplies 

a beamforming unitary matrix (U) with baseband signals and is “functional to produce 

feedback information for the transmitter as further described with reference to Figure 

6.” See ’862 Patent, Col. 12:34–46; Fig. 6. 

The specification then confirms that the structure of the baseband 

processing module performs most of the operations of the flow chart 700 of Figure 7

which also connotes to one skilled in the art that there is a structure that is circuitry 

(including hardware and software) that controls, based on described inputs, produces 

certain outputs based on certain types of calculations, and also describes where the 

information travels next:
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See ’862 Patent, Fig. 7; Col. 13:31–35 (“Most of the operations 700 of Fig. 7 are 

typically performed by a baseband processing module, e.g. 100 of Fig. 3 of a receiving 

wireless device.”).

Thus, it is my opinion that should the Court construe the term to be 

governed by § 112 ¶ 6, that there is sufficient disclosed structure such that the term is 

not indefinite for lack of sufficient structure.

I also note that while Defendants have claimed that the term lacks 

sufficient structure, Defendants have not provided any explanation, basis, or reasoning 

as to why they believe it lacks sufficient structure.  Therefore, I reserve the right to rely 

on any additional intrinsic or extrinsic evidence as may be necessary to refute their 

argument upon it being disclosed for the first time in their opening claim construction 

brief and related expert declarations.  
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D. “the baseband processing module is operable to: produce the estimated 

transmitter beamforming unitary matrix (V) in Cartesian coordinates; 

and convert the estimated transmitter beamforming unitary matrix (V) 

to polar coordinates”

It is my understanding that each side has the following positions on the 

above term from the ’862 patent:

Plaintiff’s Proposed Construction Defendants’ Proposed 
Construction

Not a 112 ¶ 6 claim element –.

In the alternative, to the extent the 
Court determines that this claim is 
governed by 112 ¶ 6, BNR proposes 
the following Function and 
Structure, and disagrees that the term 
is indefinite for lack of 
corresponding structure:

Function:
“a baseband processing module 
operable to . . . produce the 
estimated transmitter beamforming 
unitary matrix (V) in Cartesian 
coordinates; and convert the 
estimated transmitter beamforming 
unitary matrix (V) to polar 
coordinates”

Structure:
Corresponding structure for the 
alleged function exists in at least the 
following portions of the patent 
specification, or their equivalents:

Figs. 2-5, Col. 5:49–6:12, 6:37–7:20; 
7:51–9:30; 9:31–13:35; 13:54–15:67.

This is a 112 ¶ 6 claim element.

Function: “a baseband processing 
module operable to . . . produce the 
estimated transmitter beamforming 
unitary matrix (V) in Cartesian
coordinates; and
convert the estimated transmitter 
beamforming unitary matrix (V) to 
polar coordinates”

Structure: Indefinite for lack of 
corresponding structure in the patent 
specification.

The term “the baseband processing module is operable to: produce the 

estimated transmitter beamforming unitary matrix (V) in Cartesian coordinates; and 

convert the estimated transmitter beamforming unitary matrix (V) to polar 

coordinates” appears in Claim 10 of the ’862 patent:

10. The wireless communication device of claim 9, wherein in 
determining an estimated transmitter beamforming unitary matrix 
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(V) based upon the channel response and a receiver beamforming 
unitary matrix (U), the baseband processing module is operable 
to: 

produce the estimated transmitter beamforming unitary 
matrix (V) in Cartesian coordinates; and 

convert the estimated transmitter beamforming unitary 
matrix (V) to polar coordinates.

It is my opinion that the term is not a means-plus-function term because a 

POSITA, viewing the term in light of the specification, would understand that it refers 

to a class of structures of baseband processors that may be implemented in whole or in 

part in ASIC, FGPA, logic circuits, or similar implementation methods in RF 

communication hardware or software.

I understand that Defendants intend to argue that the term “the baseband 

processing module is operable to: produce the estimated transmitter beamforming 

unitary matrix (V) in Cartesian coordinates; and convert the estimated transmitter 

beamforming unitary matrix (V) to polar coordinates” is a means-plus-function term, 

and that it lacks structure in the specification. First, I disagree that this term is a 

means-plus-function term.  Second, even if it were a means-plus-function term, I 

disagree that the term would lack sufficient structure.

This term is not a means-plus-function because a POSITA, viewing the 

term in light of the specification, would understand that it refers to a class of 

structures of baseband processors that may be implemented in whole or in part in 

ASIC, FGPA, logic circuits, or similar implementation methods in RF communication 

hardware or software.  This is true for the same reasons I detail in paragraphs 101–

1099, above. 

Should the Court decide that the term “the baseband processing module is 

operable to: produce the estimated transmitter beamforming unitary matrix (V) in 

Cartesian coordinates; and convert the estimated transmitter beamforming unitary 

matrix (V) to polar coordinates” be governed by § 112, ¶ 6, it is my opinion that the 

term is not indefinite for lack of sufficient structure because sufficient structure is 

disclosed in the specification.
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With regard to function, it is my understanding that both parties agree that 

if the Court determined that 112 ¶ 6 applied to this term, the function would be the 

following: “a baseband processing module operable to . . . produce the estimated 

transmitter beamforming unitary matrix (V) in Cartesian coordinates; and convert the 

estimated transmitter beamforming unitary matrix (V) to polar coordinates.”

First, as this Claim 10 is dependent on Claim 9, and relates to the same 

baseband processing module which Defendants have claimed is means-plus-function, 

my opinion, as discussed in paragraphs 110–116 regarding the prior term of the 

independent Claim 9 applies with full force here and that the structure is the baseband 

processing module 100 of Figure 3 and equivalents thereof. 

Specifically, the specification discloses that the baseband processing 

module, e.g. 100 of Fig. 3 of a receiving wireless device performs the operations of 

700 of Fig. 7, which includes producing the estimated transmitter beamforming 

unitary matrix (V) in Cartesian coordinates and converting the estimated transmitter 

beamforming unitary matrix (V) to polar coordinates as per step 706. See ’862 Patent, 

Col. 13:25–35, 54–62; Fig. 7. This connotes to one skilled in the art that there is a 

structure that is circuitry (including hardware and software) that controls, based on 

described inputs, produces certain outputs based on certain types of calculations, and 

also describes where the information travels next.

Thus, it is my opinion that should the Court construe the term to be 

governed by § 112 ¶ 6, that there is sufficient disclosed structure such that the term is 

not indefinite for lack of sufficient structure.

I also note that while Defendants have claimed that the term lacks 

sufficient structure, Defendants have not provided any explanation, basis, or reasoning 

as to why they believe it lacks sufficient structure.  Therefore, I reserve the right to 

rely on any additional intrinsic or extrinsic evidence as may be necessary to refute 
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their argument upon it being disclosed for the first time in their opening claim 

construction brief and related expert declarations. 

U.S. PATENT NO. 7,957,450 

A. Person of Ordinary Skill in the Art 

I have been informed by counsel that the earliest possible priority date for 

the ’450 Patent is December 14, 2004 (“priority date”). It is my opinion that a POSITA 

for the ’450 patent would have a bachelor’s degree in electrical engineering, computer 

engineering, computer science or similar field, and two to three years of experience in 

digital communications systems, such as wireless communications systems and 

networks, or equivalent. Moreover, I recognize that someone with more technical 

education but less experience could have also met this standard. I believe that I 

possessed and exceeded such experience and knowledge before and at the priority 

date.

B. “channel estimate matrices” / “matrix based on the plurality of channel 

estimates”

It is my understanding that each side has the following claim construction 

positions regarding the above term from the ’450 patent:

Plaintiff’s Proposed Construction Defendants’ Proposed 
Construction

Plain and ordinary meaning. In the 
alternative, to the extent the Court 
determines that a specific 
construction is warranted, BNR 
proposes:

“one or more matrices that is based 
on an SVD decomposition of the 
estimates of the values of H(t)”

“matrix Hest for tones of different 
frequencies, where Hest contains
estimates of the true values of H(t)”

The term in question is highlighted below in Claim 1 of the ’450 Patent:

1. A method for communication, the method comprising: 
computing a plurality of channel estimate matrices based on 

signals received by a mobile terminal from a base station, 
via one or more downlink RF channels, wherein said 
plurality of channel estimate matrices comprise 

EXHIBIT L, APPX407

Case 3:18-cv-01786-CAB-BLM   Document 88-13   Filed 05/24/19   PageID.4313   Page 49 of 67

ZTE, Exhibit 1020-0494 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28
AMENDED DECLARATION OF DR. VIJAY K. MADISETTI IN SUPPORT OF PLAINTIFF’S CLAIM 

CONSTRUCTIONS

44

coefficients derived from performing a singular value 
matrix decomposition (SVD) on said received signals; and 

transmitting said coefficients as feedback information to said 
base station, via one or more uplink RF channels. 

The term in question is also highlighted below in Claim 11 of the ’450 

Patent:

11. A system for communication, the system comprising: 
one or more circuits of a mobile terminal that are operable 
 to compute a plurality of channel estimate matrices

based on signals received by said mobile terminal from a 
base station, via one or more downlink RF channels, 
wherein said plurality of channel estimate matrices
comprise coefficients derived from performing a singular 
value matrix decomposition (SVD) on said received 
signals; and 

said one or more circuits are operable to transmit said 
coefficients as feedback information to said base station, 
via one or more uplink RF channels. 

The term in question is further highlighted below in Claim 21 of the ’450 

Patent:

21. A method for communication, the method comprising: 
computing a plurality of channel estimates based on signals 

received by a mobile terminal from a base station, via one 
or more downlink RF channels;  

deriving a matrix based on the plurality of channel 
estimates, wherein the matrix comprises coefficients from 
performing a singular value matrix decomposition (SVD) 
on said plurality of channel estimates; and 

transmitting the coefficients as feedback information to said 
base station, via one or more uplink RF channels. 

The term in question is also highlighted below in Claim 22 of the ’450 

Patent:

22. A system for communication, the system comprising: 
one or more circuits of a mobile terminal that are operable to 

compute a plurality of channel estimates based on signals 
received by said mobile terminal from a base station, via 
one or more downlink RF channels;  

said one or more circuits are operable to derive a matrix 
based on said plurality of channel estimates, wherein 
said matrix comprises coefficients derived from 
performing a singular value matrix decomposition (SVD) 
on said plurality of channel estimates;  

and said one or more circuits are operable to transmit said 
coefficients as feedback information to said base station, 
via one or more uplink RF channels.  
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The specification provides:
A communications medium, such as a radio frequency (RF) channel 
between a transmitting mobile terminal and a receiving mobile 
terminal, may be represented by a transfer system function, H.  The 
relationship between a time varying transmitted signal, X(t), a time 
varying received signal, y(t), and the systems function may be 
represented as shown in equation [1]:
y(t)=Hxx(t)+n(t), 
where equation 1 n(t) represents noise which may be introduced as 
the signal travels through the communications medium and the 
receiver itself.  In MIMO systems, the elements in equation 1 may be 
represented as vectors and matrices. If a transmitting mobile terminal 
comprises M transmitting antenna, and a receiving mobile terminal 
comprises N receiving antenna, then y(t) may be represented by a 
vector of dimensions Nx1, x(t) may be represented by a vector of 
dimensions Mx1, n(t) by a vector of dimensions Nx1, and H may be 
represented by a matrix of dimensions NxM. In the case of fast fading, 
the transfer function, H, may itself become time varying and may thus 
also become a function of time, H(t). Therefore, individual 
coefficients, hij(t), in the transfer function H(t) may become time 
varying in nature. 

See ’450 Patent, Col. 3:53-4:9. 

The specification also explains:

In MIMO systems which communicate according to specifications in 
IEEE resolution 802.11, the receiving mobile terminal may compute 
H(t) each time a frame of information is received from a transmitting 
mobile terminal based upon the contents of a preamble field in each 
frame. The computations which are performed at the receiving 
mobile terminal may constitute an estimate of the “true' values of 
H(t) and may be known as “channel estimates'. For a frequency 
selective channel there may be a set of H(t) coefficients for each one 
that is transmitted via the RF channel. To the extent that H(t), which 
may be referred to as the “channel estimate matrix”, changes with 
time and to the extent that the transmitting mobile terminal fails to 
adapt to those changes, information loss between the transmitting 
mobile terminal and the receiving mobile terminal may result.  
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See ’450 Patent, Col. 4:10-24. 

In other words, the RF communication signals transmitted between a base 

station and a wireless device can be represented mathematically as matrices.  In 

addition, the specification mentions 802.11 in explaining the background of the 

invention.  See ’450 Patent, Col. 1:26-29.   A POSITA would understand that the 

invention involves mathematical matrix manipulations and that versions of 802.11 

standard used similar types of mathematical operators described in the ’450 patent. 

Singular Value Decomposition (“SVD”) is a well-known mathematical 

concept from linear algebra.  SVD is a matrix decomposition method for reducing a 

matrix to its constituent parts to make certain subsequent matrix calculations easier.

Turning to the claim language, the method requires computing one or 

more channel estimate matrices, H(t) from signals received by a wireless 

communication device from a base station. The claim language goes on to explain that 

a plurality of channel estimate matrices are comprised of coefficients derived from 

performing SVD on the RF signals received by the wireless communication device 

from the base station.  These SVD coefficients of H(T) are then transmitted back to 

the base station.  By doing so, the wireless communication device can feedback 

channel information in a compressed format that the base station can use to adjust or 

attenuate signal strength as necessary to improve performance, for example by 

reducing noise. 

Therefore, it is my opinion that a POSITA would understand the term 

“channel estimate matrices/matrices based on the plurality of channel estimates” to 

mean “one or more matrices that is based on an SVD decomposition of the estimates 

of the values of H(t).”

I understand that Defendants’ construction of this term is “matrix Hest for

tones of different frequencies, where Hest contains estimates of the true values of 

H(t).”  While I have not seen specific arguments from Defendants or their expert(s) 

supporting their construction, I believe Defendants’ proposed construction is wrong.  
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Hest or any other similar terms (for example, Hup or Hdown) are never sent back.  Only 

the results of a decomposition are transmitted back.  

Furthermore, Hest is not the only matrix that can be decomposed, other 

possible examples of the decomposed matrix include Hup or Hdown.  Thus, Defendants’ 

reliance solely (while also incorrect in the light of the claim language) on Hest is 

misplaced.  

I understand that Defendants’ expert may opine that this term has a 

different meaning or provide support for Defendants’ proposed construction. I will 

respond to Defendants’ expert’s opinions in my rebuttal declaration.

C. “coefficients derived from performing a singular value matrix 

decomposition (SVD)”

It is my understanding that each side has the following claim construction 

positions regarding the above term from the ’450 patent:

Plaintiff’s Proposed Construction Defendants’ Proposed 
Construction

Plain and ordinary meaning. In the 
alternative, to the extent the Court 
determines that a specific 
construction is warranted, BNR 
proposes:

“values derived from a singular 
value decomposition”

“values in the matrices U, S, or VH,
where Hest=USVH”

The term in question is highlighted below in Claim 1 of the ’450 Patent:

1. A method for communication, the method comprising: 
computing a plurality of channel estimate matrices based on 

signals received by a mobile terminal from a base station, 
via one or more downlink RF channels, wherein said 
plurality of channel estimate matrices comprise 
coefficients derived from performing a singular value 
matrix decomposition (SVD) on said received signals; 
and

transmitting said coefficients as feedback information to said 
base station, via one or more uplink RF channels. 
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The term in question is also highlighted below in Claim 11 of the ’450

Patent:

11. A system for communication, the system comprising: 
one or more circuits of a mobile terminal that are operable to 

compute a plurality of channel estimate matrices based on 
signals received by said mobile terminal from a base 
station, via one or more downlink RF channels, 

wherein said plurality of channel estimate matrices comprise 
coefficients derived from performing a singular value 
matrix decomposition (SVD) on said received signals; 
and

said one or more circuits are operable to transmit said
coefficients as feedback information to said base station, 
via one or more uplink RF channels. 

The term in question is further highlighted below in Claim 21 of the ’450 

Patent:

21. A method for communication, the method comprising: 
computing a plurality of channel estimates based on signals 

received by a mobile terminal from a base station, via one 
or more downlink RF channels;  

deriving a matrix based on the plurality of channel estimates, 
wherein the matrix comprises coefficients from 
performing a singular value matrix decomposition 
(SVD) on said plurality of channel estimates; and 

transmitting the coefficients as feedback information to said 
base station, via one or more uplink RF channels. 

The term in question is also highlighted below in Claim 22 of the ’450 

Patent:

22. A system for communication, the system comprising: 
one or more circuits of a mobile terminal that are operable to 

compute a plurality of channel estimates based on signals 
received by said mobile terminal from a base station, via 
one or more downlink RF channels;  

said one or more circuits are operable to derive a matrix based 
on said plurality of channel estimates, wherein said matrix 
comprises coefficients derived from performing a 
singular value matrix decomposition (SVD) on said 
plurality of channel estimates;  

and said one or more circuits are operable to transmit said 
coefficients as feedback information to said base station, 
via one or more uplink RF channels.  

I hereby incorporate my explanation from above concerning the “channel 

estimate matrices” term.
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As explained above, the structure of the claim dictates that SVD must be 

performed on the wireless signals received by a wireless device from a base station.  

The SVD will result in a decomposition of the estimates of the values of H(t).  The 

coefficients derived from the SVD operation will then be transmitted back to the base 

station.

Therefore, it is my opinion that a POSITA would understand the term 

“coefficients derived from performing a singular value matrix decomposition (SVD)” 

to mean “values derived from a singular value decomposition.”

I understand that Defendants’ proposed construction for this term is 

values in the matrices U, S, or VH, where Hest=USVH”. While I have not seen specific 

arguments from Defendants or their expert(s) supporting their construction, I believe 

Defendants’ proposed construction is wrong at least because it is limited to the Hest

matrix, which is incorrect for at least the reasons I stated above.  Defendants’ 

construction of the present term appears to flow from their incorrect construction of 

the “channel estimate matrices” term above.  

I understand that Defendants’ expert may opine that this term has a 

different meaning or provide support for Defendants’ proposed construction.  I will 

respond to Defendants’ expert’s opinions in my rebuttal declaration.

U.S. PATENT NO. 7,990,842 

A. Person of Ordinary Skill in the Art 

I have been informed by counsel that the earliest possible priority date for 

the ’842 Patent is January 1, 2002 (“priority date”). It is my opinion that a POSITA for 

the ’842 patent would have a bachelor’s degree in electrical engineering, computer 

engineering, computer science or similar field, and two to three years of experience in 

digital communications systems, such as wireless communications systems and 

networks, or equivalent. Moreover, I recognize that someone with more technical 

education but less experience could have also met this standard. I believe that I 
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possessed and exceeded such experience and knowledge before and at the priority 

date. 

B. “standard wireless networking configuration for an Orthogonal 

Frequency Division Multiplexing scheme”

It is my understanding that each side has the following positions regarding 

the above term from the ’842 patent:

Plaintiff’s Proposed Construction Defendants’ Proposed 
Construction

BNR contends that this term is not 
indefinite.

However, to the extent the Court 
determines that a specific 
construction is warranted, BNR 
proposes the following alternative 
construction: “a standard issued by a 
Standard Setting Organization (for, 
example, IEEE or 3GPP) utilizing an 
Orthogonal Frequency Division 
Multiplexing scheme.”

Indefinite

I understand that one or more of the Defendants in this matter contend 

that this term is indefinite.  I disagree. 

The term in question is highlighted below in Claim 1 of the ’842 Patent:

1. A wireless communications device, comprising:  
a signal generator that generates an extended long training 

sequence; and  
an Inverse Fourier Transformer operatively coupled to the 

signal generator,  
wherein the Inverse Fourier Transformer processes the 

extended long training sequence from the signal generator 
and provides an optimal extended long training sequence 
with a minimal peak-to-average ratio, and  

wherein at least the optimal extended long training sequence 
is carried by a greater number of subcarriers than a 
standard wireless networking configuration for an 
Orthogonal Frequency Division Multiplexing scheme.

The ’842 Patent explains the invention in reference to the well-known 

802.11 standard:
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Devices implementing both the 802.11a and 802.11g standards use 
an orthogonal frequency division multiplexing (OFDM) encoding 
scheme. OFDM is a frequency division multiplexing modulation 
technique for transmitting large amounts of digital data over a 
radio wave. OFDM works by spreading a single data stream over a 
band of sub-carriers, each of which is transmitted in parallel. In 
802.11a and 802.11g compliant devices, only 52 of the 64 active sub-
carriers are used. Four of the active sub-carriers are pilot sub-carriers 
that the system uses as a reference to disregard frequency or phase 
shifts of the signal during transmission. The remaining 48 sub-carriers 
provide separate wireless pathways for sending information in a 
parallel fashion. The 52 sub-carriers are modulated using binary or 
quadrature phase shift keying (BPSK/QPSK), 16 Quadrature 
Amplitude Modulation (QAM), or 64 QAM. Therefore, 802.11a and 
802.11g compliant devices use sub-carriers -26 to +26, with the 0-
index sub-carrier set to 0 and 0-index sub-carrier being the carrier 
frequency. As such, only part of the 20 Mhz bandwidth supported by 
802.11a and 802.11g is use.

See ’842 Patent, Col. 2:8-29. 

However, the specification also provides that the invention is not 

restricted to the 802.11 scheme:

It should be appreciated by one skilled in art, that the present 
invention may be utilized in any device that implements the 
OFDM encoding scheme. The foregoing description has been 
directed to specific embodiments of this invention. It will be apparent, 
however, that other variations and modifications may be made to the 
described embodiments, with the attainment of some or all of their 
advantages. Therefore, it is the object of the appended claims to cover 
all such variations and modifications as come within the true spirit 
and scope of the invention.  

See ’842 Patent, Col. 5:26-35. 

The specification also specifically states that wireless communication 

devices may be compliant with different standards:
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Different wireless devices in a wireless communication system 
may be compliant with different standards or different variations 
of the same standard. For example, 802.11a an extension of the 
802.11 standard, provides up to 54 Mbps in the 5 GHz band. 802.11b, 
another extension of the 802.11 standard, provides 11 Mbps 
transmission (with a fallback to 5.5, 2 and 1 Mbps) in the 2.4 GHz 
band. 802.11g, another extension of the 802.11 standard, provides 
20+ Mbps in the 2.4 GHz band. 802.11n, a new extension of 802.11, 
is being developed to address, among other thins [sic], higher 
throughput and compatibility issues. An 802.11a compliant 
communications device may reside in the same WLAN as a device 
that is compliant with another 802.11 standard. When devices that 
are compliant with multiple versions of the 802.11 standard are 
in the same WLAN, the devices that are compliant with older 
versions are considered to be legacy devices. To ensure backward 
compatibility with legacy devices, specific mechanisms must be 
employed to insure that the legacy devices know when a device that 
is compliant with a newer version of the standard is using a wireless 
channel to avoid a collision. New implementations of wireless 
communication protocol enable higher speed throughput, while 
also enabling legacy devices which might be only compliant with 
802.11a or 802.11g to communicate in systems which are 
operating at higher speeds.

See ’842 Patent, Col. 1:50-2:8. 

It is clear to one skilled in the art that the patent is directed to OFDM 

communication protocols such as 802.11, which is a communication protocol 

promulgated by IEEE, a standard setting organization (“SSO”). The 802.11 standard 

is a set of rules used for communication between devices operating in compliance 

with those rules. However, OFDM is not limited exclusively to the 802.11 standard. 

OFDM is also utilized in LTE communication protocols promulgated by 3GPP, 

another SSO. 

Therefore, based on the teachings in the specification and the claim 

language, it is my opinion that a POSITA would understand the term “standard 

wireless networking configuration for an Orthogonal Frequency Division 
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Multiplexing scheme” to mean “a standard issued by a Standard Setting Organization 

(for, example, IEEE or 3GPP) utilizing an Orthogonal Frequency Division 

Multiplexing scheme.”  Therefore, it is also my opinion that the term “standard 

wireless networking configuration for an Orthogonal Frequency Division 

Multiplexing scheme” informs a POSITA of the scope of the claim with reasonable 

certainty. 

I understand that Defendants’ expert may opine that this term is indefinite. 

I will respond to Defendants’ expert’s opinions in my rebuttal declaration.

C. “extended long training sequence”

It is my understanding that each side has the following positions regarding 

the above term from the ’842 patent:

Plaintiff’s Proposed Construction Defendants’ Proposed 
Construction

BNR contends that this term is not 
indefinite. 

However, to the extent the Court 
determines that a specific construction 
is warranted, BNR proposes the 
following alternative construction: “a 
training sequence that uses more active 
subcarriers than an earlier version of 
the same standard.”

Indefinite

I understand that one or more of the Defendants in this matter contend 

that this term is indefinite.  I disagree.

The term in question is highlighted below in Claim 1 of the ’842 Patent:

1. A wireless communications device, comprising:  
a signal generator that generates an extended long training 

sequence; and  
an Inverse Fourier Transformer operatively coupled to the 

signal generator,  
wherein the Inverse Fourier Transformer processes the 

extended long training sequence from the signal 
generator and provides an optimal extended long training 
sequence with a minimal peak-to-average ratio, and  

wherein at least the optimal extended long training 
sequence is carried by a greater number of subcarriers 
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than a standard wireless networking configuration for an 
Orthogonal Frequency Division Multiplexing scheme. 

The ’842 Abstract explains:

A network device for generating an expanded long training sequence 
with a minimal peak-to-average ratio. The network device includes a 
signal generating circuit for generating the expanded long training 
sequence. The network device also includes an Inverse Fourier 
Transform for processing the expanded long training sequence from 
the signal generating circuit and producing an optimal expanded long 
training sequence with a minimal peak-to-average ratio. The
expanded long training sequence and the optimal expanded long 
training sequence are stored on more than 52 sub-carriers.

The specification teaches the invention, which is based on OFDM, against 

the background of the 802.11 standard.  The specification states:

OFDM works by spreading a single data stream over a band of 
sub-carriers, each of which is transmitted in parallel. In 802.11a and 
802.11g compliant devices, only 52 of the 64 active sub-carriers 
are used. Four of the active sub-carriers are pilot sub-carriers that the 
system uses as a reference to disregard frequency or phase shifts of 
the signal during transmission. The remaining 48 sub-carriers 
provide separate wireless pathways for sending information in a 
parallel fashion. The 52 sub-carriers are modulated using binary 
or quadrature phase shift keying (BPSK/QPSK), 16 Quadrature 
Amplitude Modulation (QAM), or 64 QAM. Therefore, 802.11a and 
802.11g compliant devices use sub-carriers -26 to +26, with the 0-
index sub-carrier set to 0 and 0-index sub-carrier being the carrier 
frequency. As such, only part of the 20 Mhz bandwidth supported by 
802.11a and 802.11g is use.

In 802.11a/802.11g, each data packet starts with a preamble 
which includes a short training sequence followed by a long training 
sequence. The short and long training sequences are used for 
synchronization between the sender and the receiver. The long 
training sequence of 802.11a and 802.11g is defined such that each 
of sub-carriers -26 to +26 has one BPSK constellation point, either 
+1 or -1. 

There exists a need to create a long training sequence of
minimum peak-to-average ratio that uses more sub-carriers 
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without interfering with adjacent channels. The inventive long trains 
sequence with a minimum peak-to-average power ratio should be 
usable by legacy devices in order to estimate channel impulse 
response and to estimate carrier frequency offset between a 
transmitter and a receiver.  

See ’842 Patent, Col. 2:11-43. 

In other words, the specification explains that earlier versions of the 

802.11 standard utilized training sequences over 52 sub-carriers, which are used for 

device synchronization.  The patentees recognized a need to move to training 

sequences that utilize more subcarriers than the existing 52 subcarriers.  

The ‘842 specification goes on to teach two examples of longer training 

sequences utilizing 56 and 63 sub-carriers, which are longer (extended) compared to 

the 52 sub-carriers used in the 802.11a and 802.11g standards: 

In a first embodiment of the invention, the expanded long training 
sequence is implemented in 56 active sub-carriers including sub-
carriers -28 to +28. In another embodiment, an expanded long 
training sequence is implemented using 63 active sub-carriers,
i.e., all of the active sub-carriers (-32 to +31) except the 0-index sub-
carrier which is set to 0.  

See ’842 Patent, Col. 4:19-24. 

Further, still, the ‘842 specification teaches: 

Signal generating circuit 205 generates the expanded long training 
sequence and if 56 active sub-carriers are being used, signal 
generating circuit generates the expanded long training sequence and 
stores the expanded long training sequence in sub-carriers -28 to 
+28. If 63 active sub-carriers are being used, signal generating circuit 
generates the expanded long training sequence and stores the 
expanded long training sequence in sub-carriers -32 to +32 i.e., all 
of the active sub-carriers (-32 to +31) except the 0-index sub-carrier 
which is set to 0.

See ’842 Patent, Col. 4:41-50. 

Therefore, based on the teachings in the specification and the claim 

language, it is my opinion that a POSITA would understand the term “extended long 
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training sequence” to mean “a training sequence that uses more active subcarriers than 

an earlier version of the same standard.” Therefore, it is also my opinion that the term 

“extended long training sequence” informs a POSITA of the scope of the claim with 

reasonable certainty. 

I understand that Defendants’ expert may opine that this term is indefinite. 

I will respond to Defendants’ expert’s opinions in my rebuttal declaration.

D. “a legacy wireless local area network device in accordance with a legacy 

wireless networking protocol standard”

It is my understanding that each side has the following positions regarding 

the above term from the ’842 patent:

Plaintiff’s Proposed Construction Defendants’ Proposed 
Construction

BNR contends that this term is not 
indefinite.

However, to the extent the Court 
determines that a specific 
construction is warranted, BNR 
proposes the following alternative 
construction: “a training sequence 
that uses more active subcarriers 
than an earlier version of the same 
standard.”

Indefinite

I understand that one or more of the Defendants in this matter contend 

that this term is indefinite.  I disagree.

The term in question is highlighted below in Claim 14 of the ’842 Patent:

14. The wireless communications device according to claim 
1, wherein the optimal extended long training sequence is 
longer than a long training sequence used by a legacy 
wireless local area network device in accordance with 
a legacy wireless networking protocol standard.

The ’842 Patent explains in the “Background of the Invention” section 

that “[t]he present invention relates generally to wireless communication systems and 
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more particularly to long training sequences of minimum peak-to-average power ratio 

which may be used by legacy systems.”  ’842 Patent, Col. 1:20-23. 

The invention is explained in the context of the 802.11 standard: 

Different wireless devices in a wireless communication system 
may be compliant with different standards or different variations 
of the same standard. For example, 802.11a an extension of the 
802.11 standard, provides up to 54 Mbps in the 5 GHz band. 802.11b, 
another extension of the 802.11 standard, provides 11 Mbps 
transmission (with a fallback to 5.5, 2 and 1 Mbps) in the 2.4 GHz 
band. 802.11g, another extension of the 802.11 standard, provides 
20+ Mbps in the 2.4 GHz band. 802.11n, a new extension of 802.11, 
is being developed to address, among other thins [sic], higher 
throughput and compatibility issues. An 802.11a compliant 
communications device may reside in the same WLAN as a device 
that is compliant with another 802.11 standard. When devices that 
are compliant with multiple versions of the 802.11 standard are 
in the same WLAN, the devices that are compliant with older 
versions are considered to be legacy devices. To ensure backward 
compatibility with legacy devices, specific mechanisms must be 
employed to insure that the legacy devices know when a device that 
is compliant with a newer version of the standard is using a wireless 
channel to avoid a collision. New implementations of wireless 
communication protocol enable higher speed throughput, while 
also enabling legacy devices which might be only compliant with 
802.11a or 802.11g to communicate in systems which are 
operating at higher speeds.

See ’842 Patent, Col. 1:50-2:7. 

Therefore, a legacy device in the specification is one that operates under a 

prior version of an OFDM standard.  For example, the 802.11a standard is a prior 

version of the 802.11n standard.  Standards like 802.11 are promulgated by IEEE, an 

SSO. However, the specification warns that the invention is not restricted to the 

802.11:
It should be appreciated by one skilled in art, that the present 
invention may be utilized in any device that implements the OFDM 
encoding scheme. The foregoing description has been directed to 
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specific embodiments of this invention. It will be apparent, however, 
that other variations and modifications may be made to the described 
embodiments, with the attainment of some or all of their advantages. 
Therefore, it is the object of the appended claims to cover all such 
variations and modifications as come within the true spirit and scope 
of the invention.

See ’842 Patent, Col. 5:26-35. 

Therefore, based on the teachings in the specification and the claim 

language, it is my opinion that a POSITA would understand the term “a legacy 

wireless local area network device in accordance with a legacy wireless networking 

protocol standard” to mean “a wireless local area network device using an earlier 

version of a standard issued by a Standard Setting Organization (SSO) (for, example, 

IEEE or 3GPP).” Therefore, it is also my opinion that the term “a legacy wireless 

local area network device in accordance with a legacy wireless networking protocol 

standard” informs a POSITA of the scope of the claim with reasonable certainty.

I understand that Defendants’ expert may opine that this term is indefinite. 

I will respond to Defendants’ expert’s opinions in my rebuttal declaration.

E. “optimal extended long training sequence”

It is my opinion that the phrase “optimal extended long training 

sequence,” as used in the ’842 Patent informs a POSITA of the scope of the claim 

with reasonable certainty. 

I understand that Defendants’ expert may opine that this term is indefinite. 

I will respond to Defendants’ expert’s opinions in my rebuttal declaration. 

F. “Inverse Fourier transformer”

It is my understanding that each side proposes the following construction 

for the above term from the ’842 patent:

Plaintiff’s Proposed Construction Defendants’ Proposed 
Construction

Plain and ordinary meaning. 
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In the alternative, to the extent the 
Court determines that a specific 
construction is warranted, BNR 
proposes: “circuit and/or software 
that at least performs an inverse 
Fourier transform.”

“a circuit and/or software that 
performs a defined mathematical 
function that transforms a series of 
values from the frequency domain 
into the time domain”

The term in question is highlighted below in Claim 1 of the ’842 Patent:

1. A wireless communications device, comprising:  
a signal generator that generates an extended long training 

sequence; and  
an Inverse Fourier Transformer operatively coupled to the 

signal generator,  
wherein the Inverse Fourier Transformer processes the 

extended long training sequence from the signal generator 
and provides an optimal extended long training sequence 
with a minimal peak-to-average ratio, and  

wherein at least the optimal extended long training sequence 
is carried by a greater number of subcarriers than a 
standard wireless networking configuration for an 
Orthogonal Frequency Division Multiplexing scheme. 

Practically speaking, every student of math or engineering has been 

exposed to the concept of a Fourier transform at some point in a college-level math 

course.  It is a well-understood concept.  

A Fourier transform operates in one-dimension or in multiple-dimensions 

to map functions between one domain and another domain.  These domains can 

include, but are not limited to, space, time, frequency, or another variable.  An 

inverse Fourier transform is the reverse of a Fourier transform.  Below is a generic 

mathematical representation of two definitions of a Fourier transform, where one of 

them is the inverse or reverse of the other (i.e., f() is inverse of F(), and vice versa):
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See Appendix 2 (Ronald N. Bracewell, The Fourier Transform and its Applications

(3rd ed., 2000)). 

The mathematical operations of a Fourier transform and inverse Fourier 

transform can be implemented in a logic chip (for example, an ASIC chip) or via 

traditional software running on one or more microprocessors.

The ’842 specification teaches:

Signal generating circuit 205 generates the expanded long training 
sequence and if 56 active sub-carriers are being used, signal 
generating circuit generates the expanded long training sequence and 
stores the expanded long training sequence in sub-carriers -28 to +28. 
If 63 active sub-carriers are being used, signal generating circuit 
generates the expanded long training sequence and stores the 
expanded long training sequence in sub-carriers -32 to +32 i.e., all of 
the active sub-carriers (-32 to +31) except the 0-index sub-carrier 
which is set to 0. The inventive long training sequence is inputted 
into an Inverse Fourier Transform 206. The invention uses the 
same +1 or -1 BPSK encoding for each new sub-carrier. Inverse 
Fourier Transform 206 may be an inverse Fast Fourier Transform 
(IFFT) or Inverse Discrete Fourier Transform (IFDT). Inverse 
Fourier Transform 206 processes the long training sequence from 
signal generating circuit 205 and thereafter produces an optimal 
expanded long training sequence with a minimal peak-to-average 
power ratio. The optimal expanded long training sequence may be 
used in either 56 active sub-carriers or 63 active subscribers. Serial to 
parallel module 208 converts the serial time domain signals into 
parallel time domain signals that are subsequently filtered and 
converted to analog signals via the D/A.  

See ’842 Patent, Col. 4:41-64. 

It is my opinion that a POSITA would understand the term “inverse 

Fourier transformer” to mean “circuit and/or software that at least performs an inverse 

Fourier transform.”

EXHIBIT L, APPX424

Case 3:18-cv-01786-CAB-BLM   Document 88-13   Filed 05/24/19   PageID.4330   Page 66 of 67

ZTE, Exhibit 1020-0511 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28
AMENDED DECLARATION OF DR. VIJAY K. MADISETTI IN SUPPORT OF PLAINTIFF’S CLAIM 

CONSTRUCTIONS

61

I understand that Defendants’ proposed construction of this term is “a 

circuit and/or software that performs a defined mathematical function that transforms 

a series of values from the frequency domain into the time domain.”  Both sides 

appear to agree that a circuit or software can perform the function.  

While I have not seen specific arguments from Defendants or their 

expert(s) supporting their construction, I believe Defendants’ proposed construction is 

wrong.  First, as noted above, Fourier and inverse Fourier transforms map one domain 

to another, it a generally mathematical concept with broad applicability.  Defendants’ 

proposed construction erroneously restricts the inverse Fourier transform to time and 

frequency domains, which is not required by the claim language.  Second, there is no 

specific direction for the transform required by the claims. So there is no basis to 

restrict the inverse Fourier operation to transforming signals from the frequency 

domain into the time domain.  In essence, Defendant’s proposed construction is 

overly restrictive in light of the claim language and the generally understood meaning 

of inverse Fourier transform.

I understand that Defendants’ expert may opine that this term has a 

different meaning or provide support for Defendants’ proposed construction.  I will 

respond to Defendants’ expert’s opinions in my rebuttal declaration.

I declare under penalty of perjury that the foregoing is true and correct. 

Executed this 2nd day of May, 2019, in Atlanta, Georgia. 

      __________________________ 

      Dr. Vijay K. Madisetti, Ph.D.
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INTRODUCTION 

On May 2, 2019, I submitted an Opening Declaration on Claim 

Construction.  I hereby incorporate by reference the contents of that declaration in its 

entirety, including the appendices attached thereto. 

I have reviewed the declaration of Paul Min, Ph.D., Regarding Claim 

Construction dated May 1, 2019, concerning United States Patent Nos. 6,941,156 (the 

’156 Patent); 7,957450 (the ’450 Patent); and 8,416,862 (the ’862 Patent) (“Min 

Declaration” or “Min Decl.”).  Below I provide responses to certain arguments raised 

by Dr. Min in his declaration.

I have reviewed the declaration of Jonathan Wells, Ph.D. dated May 1, 

2019, concerning United States Patent Nos. 6,941,156 (the ’156 Patent) and 7,990,842 

(the ’842 Patent) (“Wells Declaration” or “Wells Decl.”).  Below I provide responses 

to certain arguments raised by Dr. Wells in his declaration.

U.S. PATENT NO. 6,941,156  

I understand that Dr. Min’s opinions regarding the ’156 Patent are at ¶¶ 

10–12 and 66–132.  Further, I understand that ¶¶ 10–12 are a summary of Dr. Min’s 

opinions, which are further addressed in ¶¶ 66–132.  Thus, I disagree with the 

summary of Dr. Min’s opinions in accordance with my disagreements with the 

specifics of Dr. Min’s opinions as discussed further below.

I understand that Dr. Wells’s opinions regarding the ’156 Patent are at ¶¶ 

77–108.  For the reasons discussed below, I disagree with Dr. Wells’s opinions 

regarding the ’156 Patent.

A. Opinions Regarding the Min Declaration 

In ¶¶ 66–69, Dr. Min quotes portions of the specification of the ’156

Patent.  I do not dispute that these paragraphs accurately quote the specification.

In ¶¶ 70–73, Dr. Min provides his opinion for the definition of a POSITA, 

which he defines as having a Bachelor’s degree in Electrical Engineering, Computer 

Engineering, Computer Science, or a related field, and at least 2 years of experience in 

EXHIBIT M, APPX431
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the field of wireless communication, or a person with equivalent education, work, or 

experience in this field. I note that my definition of a POSITA includes two to three 

years of experience in digital communications systems, such as wireless 

communications systems and networks or the equivalent.  Thus, while I disagree with 

Dr. Min’s more narrowed field of experience, however, my opinions also remain the 

same when I apply Dr. Min’s definition of the POSITA as well.  

B. Opinions Regarding the Wells Declaration 

In ¶¶ 77–79, Dr. Wells quotes portions of the specification of the ’156

Patent.  I do not dispute that these paragraphs accurately quote the specification.

In ¶ 80, Dr. Wells provides his opinion for the definition of a POSITA, 

which he defines as having a bachelor’s degree in electrical engineering or a related 

field, and at least 1–2 years of experience in the field of wireless communication

devices, or the equivalent education in the field of wireless communication devices. I 

note that my definition of a POSITA includes two to three years of experience in 

digital communications systems, such as wireless communications systems and 

networks or the equivalent.  Thus, while I disagree with Dr. Well’s more narrowed 

field of experience and years of experience, however, my opinions also remain the 

same when I apply Dr. Wells’s definition of a POSITA as well.

C. “simultaneous communication paths from said multimode cell phone”

It is my understanding that each side’s respective claim construction of 

the above term from the ’156 Patent is as follows:

Plaintiff’s Proposed Construction Defendants’ Proposed Construction

Plain and ordinary meaning. In the 
alternative, to the extent the Court 
determines that a specific construction is 
warranted, BNR proposes: 

“two or more active links at the same 
time from said multimode cellphone”

“at least two established distinct and 
different communication links from 
said multimode cell phone to a far-
end communication device, at the 
same time”

EXHIBIT M, APPX432
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For the reasons set forth below, I disagree with Dr. Min’s opinion that the 

term “simultaneous communication paths from said multimode cell phone” should be 

construed as “at least two established distinct and different communication links from 

said multimode cell phone to a far-end communication device, at the same time”

because it is confusing, imports improper limitations, and has no basis in the 

specification or intrinsic record.  

First, I understand that Dr. Min has criticized Plaintiff’s proposed 

construction because the term “active links” is “confusing” and “BNR does not 

explain the meaning of the term ‘active.’” See Min Decl. ¶ 86. While Dr. Min 

considers these two possible conditions to be confusing, they are not—they actually 

capture the possibilities for an active state of a connection.  A connection that is active 

by maintaining the connected state is no less active when transmission and reception 

of data begins on that connection.  Thus, I disagree that the term “active link” is 

confusing to a POSITA. On the other hand, I believe that Defendants’ use of 

“established distinct and different” is confusing, as Defendants fail to define what 

each of those terms mean and has no reference to the specification, intrinsic record, or 

extrinsic evidence. For example, Dr. Min offers no explanation for why Defendants 

use the terms “distinct” and “different”, seeming synonyms, or whether they are

supposed to connote different things and if so, what.

I also disagree with Dr. Min’s opinions in ¶¶ 88–91 regarding the 

prosecution history and specifically the arguments made by Applicants in response to 

a rejection by the Patent Office related to U.S. Patent No. 5,842,122 (Schellinger).

Specifically, Dr. Min misreads Applicant’s distinguishing of Schellinger regarding the 

“module to establish simultaneous communication paths from said multimode cell 

phone” by improperly focusing on the language “a three way call through the cellular 

telephone system.” Dr. Min fails to capture the entire sentence which states that 

Schellinger operates where “a call in process is handed off by producing a THREE 

WAY CALL through the cellular telephone system (i.e., NOT through the cell phone 

EXHIBIT M, APPX433
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itself)” and in doing so, fails to connect the first sentence which states that in 

Schellinger “automatic forwarding systems of a central office are implemented to 

allow handoff of a call.” Read together, Schellinger describes a multimode cellular 

phone that requires a cellular telephone system or central office to establish the 

second communication link on the multimode cellular phone.  The Applicant 

contrasted Schellinger with the invention by noting that the multimode cellular phone 

of the invention is able to establish the second communication link without having a 

second call forwarded to it (i.e. relying on an external source to establish the second 

link with the multimode cellular phone).  Dr. Min improperly applies this requirement 

to the far end device, though the specification only spoke with regard to the 

multimode cellphone that represents the near-end device.  Thus, Dr. Min misinterprets 

the prosecution history, which in fact supports BNR’s claim construction position. 

I disagree with Dr. Min’s opinions, in ¶¶ 79–85, related to the 

specification of the ’156 Patent.  Specifically, I disagree with Dr. Min’s incorrect 

interpretation of Figure 1, where he improperly labels the “initial telephone call” and 

the “handed over telephone call” as the “distinct and different communication links” 

to a “far end communication device.”  See Min Decl. ¶ 80. This interpretation is 

plainly inconsistent with the specification, for at least two reasons.  First, the portions 

of Figure 1 that Dr. Min identifies as the relevant communication paths (“initial 

telephone call” and “handed over telephone call”) do not even extend from the 

multimode cellular telephone, but instead only begin at elements 120 and 110. This 

interpretation is inconsistent with the claim language itself, which requires the 

multimode cellular phone to establish both links.  Second, Figure 1 plainly identifies 

each link as “1st” and “2nd” and shows an RF connection from the multimode cellular 

phone to 120 and another connection to the piconet base station 110.  Then, each of 

cellular network 120 and base unit 110 have a clear connection to the PSTN 130.  

Within PSTN 130, one embodiment of the handover, a Type 2 Call Waiting Service 

EXHIBIT M, APPX434
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140, is identified.  And finally, there is a single link from the PSTN 130 to the far-end 

communication device 150. 

Thus, it is my opinion that Defendants’ construction is incorrect because it 

improperly requires two links to be active at the far-end communication device, 

despite clear evidence to the contrary from the specification.  Further, Defendants’ use 

of ambiguous terms like “distinct and different” have no definition or reference in the 

specification. Finally, Dr. Min incorrectly interprets the prosecution history, which 

actually supports BNR’s construction and contradicts Defendants’ proposed 

construction.

D. “cell phone functionality”

It is my understanding that the following parties have the following 

positions on the above term from the ’156 Patent:

Plaintiff’s Proposed 
Construction

Kyocera’s Proposed 
Construction

Huawei & Coolpad’s 
Proposed 

Construction

Not a 112 ¶ 6 claim element –
“cell phone functionality” is 
not a nonce word.  Instead, cell 
phone functionality is itself 
sufficient structure.  A POSA 
would know that this is a 
cellular RF communication 
functionality well known in the 
art.

This is a 112 ¶ 6 claim 
element.

Function: “cell phone”

Structure: Indefinite for 
lack of corresponding 
structure in the patent 
specification.

This is a 112 ¶ 6 claim 
element.

Function: “cell phone”

Structure: Indefinite for 
lack of corresponding 
structure in the patent 
specification.  
Alternatively, to the 
extent that the Court 
requires an 
identification of 
structure, the cell 
phone 100a and 
corresponding antenna 
depicted in Fig. 1 are 
insufficient structure to 
perform the claimed 
function.

For the reasons set forth below, I disagree with Dr. Min’s opinion that the 

term “cell phone functionality” should be governed by 112 ¶ 6 because a POSITA 

EXHIBIT M, APPX435
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would know that this is a cellular RF communication functionality that is well known 

in the art.   

First, I disagree with Dr. Min’s interpretation of “cell phone functionality” 

to be related to the multimode cell phone 100, instead of the cell phone functionality 

100a that is described by the ’156 Patent, in Figure 1 and the specification, which 

identifies “the cell phone functionality 100a.” See ’156 Patent at Col. 3:55–58.  Dr. 

Min incorrectly interprets cell phone functionality to include “the ability and 

convenience of storing all phone book data, calling history, and user preference,” 

which actually relates to the multimode cell phone 100 and not the cell phone 

functionality 100a.

Second, Dr. Min admits that a POSITA would understand that cell phone 

functionality requires “radio communication equipment (e.g. amplifier, transmitter, 

receiver, etc.) operating in conjunction with [a processor] . . . to perform wireless 

communications, typically in compliance with telecommunication industry standards 

(e.g., 3GPP/ETSI, etc.).  See Min Decl. ¶ 100. Thus, Dr. Min appears to acknowledge 

that a POSITA would understand that cell phone functionality is a cellular RF 

communication functionality and that a POSITA would understand that cell phone 

functionality by itself refers to sufficient structure.

Dr. Min primarily appears to disagree with BNR’s construction because 

“the claimed ‘multimode cell phone’ cannot be limited to ‘cellular RF communication 

functionality’ because it includes functionality to operate as a cordless telephone or 

walkie-talkie, and because it includes functionality to store phone book data, calling 

history, and user preferences.” See Min Decl. ¶ 101.  Dr. Min is improperly construing 

“multimode cell phone” and not the term “cell phone functionality” which is a part of 

(but not the entirety of) the claimed multimode cell phone, as discussed above.  

Indeed, the specification makes clear that Dr. Min’s claimed functions are separate 

(e.g. 100b for RF functionality, 100c for walkie-talkie functionality) from the cell 

phone functionality.  

EXHIBIT M, APPX436
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Finally, Dr. Min states that BNR’s proposed construction fails to 

recognize that a POSITA would understand that the claimed multimode cell phone 

includes a general purpose computer programmed to perform wireless 

communications.  It is my opinion that this is incorrect because (1) Dr. Min again 

improperly focuses on the multimode cell phone instead of the cell phone 

functionality and (2) Dr. Min admits in his declaration that a POSITA would 

understand that cell phone functionality requires radio communication equipment and 

a specific processor programmed in accordance with industry standards.

Therefore it is my opinion that the term “cell phone functionality” is not 

governed by 112 ¶ 6, but that a POSITA would know that this is a cellular RF 

communication functionality that is well known in the art.

E. “RF functionality”

It is my understanding that the following parties have the following 

positions on the above term from the ’156 Patent:

Plaintiff’s Proposed 
Construction

Kyocera’s Proposed 
Construction

Huawei & Coolpad’s 
Proposed 

Construction

Not a 112 ¶ 6 claim element –
“RF communication 
functionality” RF 
communication functionality is 
itself sufficient structure.  A 
POSA would know that this is 
a structure for RF 
communications through a 
genus of RF communication 
types well known in the art.

This is a 112 ¶ 6 claim 
element.

Function: “RF 
communication”

Structure: Indefinite for 
lack of corresponding 
structure in the patent 
specification.

This is a 112 ¶ 6 claim 
element.

Function: “RF 
communication”

Structure: Indefinite for 
lack of corresponding 
structure in the patent 
specification.  
Alternatively, to the 
extent that the Court 
requires an 
identification of 
structure, any of the 
cordless phone 100b 
with its corresponding 
antenna and the 
walkie-talkie 100c with 
its corresponding 
antenna, are

EXHIBIT M, APPX437
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Plaintiff’s Proposed 
Construction

Kyocera’s Proposed 
Construction

Huawei & Coolpad’s 
Proposed 

Construction
insufficient structure to 
perform the claimed 
function.

For the reasons set forth below, I disagree with Dr. Min’s opinion that the 

term “RF communication functionality” should be governed by 112 ¶ 6 because a 

POSITA would know that RF communication functionality is itself structure and 

further that a POSITA would know that RF communication functionality is a structure 

for RF communications through a genus of RF communication types well known in 

the art.

Dr. Min’s opinion is based on his belief that the “RF communication 

functionality” is used solely in the context of the claimed multimode cell phone and 

therefore must include a general purpose computer. See Min Decl. ¶¶ 106–109.  I 

disagree. First, I disagree that it is proper to incorporate RF communication into the 

claimed multimode cell phone in the manner in which Dr. Min is doing.  The RF 

functionality is a separate element of the claimed device and has its own structure 

(see, e.g., elements 100a, 100b, each of which have their own antennas and are

described distinctly in the specification of the ’156 Patent, see, e.g., Col. 3:64–4:6).

I also disagree that the RF communication functionality would include a 

general purpose computer.  Instead, a POSITA would understand that an RF 

communication functionality would utilize hardware and software specifically 

programed and implemented for the relevant RF type and that such hardware and 

software was, at the time of the invention, routinely purchased or implemented as 

distinct, specialized hardware and software from a manufacturer and installed into a 

cell phone.  The RF communication types encompassed by this structure are well 

known in the art and governed by relevant industry standards.  

Thus, I disagree with Dr. Min’s opinion that this term should be construed 

as means-plus-function.  It should not.

EXHIBIT M, APPX438
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F. “a module to establish simultaneous communication paths from said 

multimode cell phone using both said cell phone functionality and said 

RF communication functionality”

It is my understanding that the following parties have the following 

positions on the above term from the ’156 Patent:

Plaintiff’s Proposed 
Construction

Kyocera’s Proposed 
Construction

Huawei & Coolpad’s 
Proposed 

Construction

Not a 112 ¶ 6 claim element –

In the alternative, to the extent 
the Court determines that this 
claim is governed by 112 ¶ 6, 
BNR proposes the following 
Function and Structure, and 
disagrees that the term is 
indefinite for lack of 
corresponding structure:

Function:
establish simultaneous 
communication paths from said 
multimode cell phone using 
both said cell phone 
functionality and said RF 
communication functionality 

Structure:
Corresponding structure for the 
alleged function exists in at 
least the following portions of 
the patent specification, or their 
equivalents:

Figs. 1, 3, Col. 3:48–4:49; 
4:54–5:62; 6:3–55; 6:60–8:5

This is a 112 ¶ 6 claim 
element.

Function: “establish 
simultaneous 
communication paths 
from said multimode 
cell phone using both 
said cell phone 
functionality and said 
RF communication 
functionality”

Structure: Indefinite for 
lack of corresponding 
structure in the patent 
specification.

This is a 112 ¶ 6 claim 
element.

Function: “establish 
simultaneous 
communication paths 
from said multimode 
cell phone using both 
said cell phone 
functionality and said 
RF communication 
functionality”

Structure: Fig. 1 
(element 101); Fig. 2 
steps 202-208; Fig. 4 
steps 402-408; 4:50-67;
7:1-16.

I note that the Defendants are unable to agree on whether (and what) 

structure is disclosed in the patent with respect to this claim term, and, accordingly, 

have proffered a declaration from two different experts on this claim term. However, I

disagree with both Dr. Wells and Dr. Min.

EXHIBIT M, APPX439
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For the reasons set forth below, I disagree with Dr. Wells’s opinion that 

this term is subject to Section 112(6) and/or that it “does not have a well-known 

structural meaning in the field.” See Wells Decl. ¶ 83. Likewise, I disagree with Dr. 

Min’s opinion that the term is subject to § 112(6) and that a POSITA would 

understand the structure includes a general purpose computer. See Min Decl. ¶¶ 112–

116.

I disagree with Dr. Wells’s and Dr. Min’s opinions that the written 

description and the prosecution history fails to impart any structural significance to 

this term. As stated in my opening report, it is my opinion that a POSITA, viewing the 

term in light of the specification, would understand that it refers to a known class of 

structures within multimode cell phones that negotiate and control each of the modes 

of communication. See Madisetti Opening Decl. ¶¶ 56-60. 

Further, as stated in my opening declaration, I disagree with Dr. Min that 

if the term is subject to § 112(6), that there is insufficient structure. I also note that Dr. 

Wells disagrees with Dr. Min’s opinion that the specification lacks sufficient 

structure.  See Wells Decl. ¶¶ 88–96. That said, it is my opinion that Dr. Wells does 

not identify the correct structure. The parties agree that, should the Court determine 

the term to be governed by § 112(6), that the relevant function is “to establish 

simultaneous communication paths.” Dr. Wells begins his analysis with the flawed 

assumption that a “POSITA would recognize that the function…is implemented by a 

computer/processor” and that therefore an algorithm must be identified. But a 

POSITA, well-versed in the field of wireless communication technology, would 

understand that each mode of communication (e.g., cell phone, wireless, etc.) is 

controlled by hardware and software components in a multimode cell phone 

interacting with transceivers. This would have been basic knowledge at the time of the 

invention, and it goes beyond mere computer processing technology. 

Dr. Min opines that Steps 202, 204, 206, and 208 fail to recite an 

algorithm to a POSITA.  See Min Decl. ¶¶ 118–121. I note that these steps are the 

EXHIBIT M, APPX440
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exact steps that Dr. Wells identifies as the corresponding structure that is sufficient to 

a POSITA, and therefore that Dr. Wells was able to determine that a POSITA would 

understand the algorithm that Dr. Min was unable to identify. See Wells Decl. ¶¶ 92–

96.

For the reasons stated in my opening declaration, however, I disagree with 

Dr. Wells’s conclusion that the corresponding structures for this term “are the 

algorithm provided by steps 202-208 in FIG. 2 and the algorithm provided by steps 

402-408 in FIG. 4…” First, FIG. 2 and 4 merely present two embodiments of the 

claimed invention that vary by communication mode. In other words, neither of those 

figures have any bearing on the functionality and structure disclosed for this term in 

the specification, because they represent examples of types of communication paths –

not the module to establish them. 

Second, Dr. Wells fails to address FIG. 1 and the portions of the 

specification that describe the structures with which “more than one mode of the 

multimode cell phone 100 may operate simultaneously…” ’156 Patent at Col. 3:64–

4:1. As I explained in my opening declaration, the specification, in conjunction with 

FIG. 1, discloses to one of skill in the art the various components and tools relevant to 

establishing the communication paths. See Madisetti Opening Decl. ¶¶ 61-68.

G. “an automatic switch over module, in communication with both said cell 

phone functionality and said RF communication functionality, operable 

to switch a communication path established on one of said cell phone 

functionality and said RF communication functionality, with another 

communication path later established on the other of said cell phone 

functionality and said RF communication functionality”

It is my understanding that the following parties have the following 

positions on the above term from the ’156 Patent:

EXHIBIT M, APPX441
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Plaintiff’s Proposed 
Construction

Kyocera’s Proposed 
Construction

Huawei & Coolpad’s 
Proposed Construction

Not a 112 ¶ 6 claim element 

In the alternative, to the 
extent the Court determines 
that this claim is governed by 
112 ¶ 6, BNR proposes the 
following Function and 
Structure, and disagrees that 
the term is indefinite for lack 
of corresponding structure:

Function:
in communication with both 
said cell phone functionality 
and said RF communication 
functionality, operable to 
switch a communication path 
established on one of said cell 
phone functionality and said 
RF communication 
functionality, with another 
communication path later 
established on the other of 
said cell phone functionality 
and said RF communication 
functionality

Structure:
Corresponding structure for 
the alleged function exists in 
at least the following portions 
of the patent specification, or 
their equivalents:

Figs. 1, 3, Col. 3:48–4:49; 
4:54–5:62; 6:3–55; 6:60–8:5

This is a 112 ¶ 6 
claim element.

Function: “in 
communication with 
both said cell phone 
functionality and said 
RF communication 
functionality, 
operable to switch a 
communication path 
established on one of 
said cell phone 
functionality and said 
RF communication 
functionality, with 
another 
communication path 
later established on 
the other of said cell 
phone functionality 
and said RF 
communication 
functionality”

Structure: Indefinite 
for lack of 
corresponding 
structure in the patent 
specification.

This is a 112 ¶ 6 claim 
element.

Function: “automatic 
switch over of a 
communication path 
established on one of said 
cell phone functionality 
and said RF 
communication 
functionality, with another 
communication path later 
established on the other of 
said cell phone 
functionality and said RF 
communication 
functionality”

Structure: Fig. 1 (element 
101); Fig. 2 steps 210-212; 
Fig. 4 steps 410-412; 5:1-7;
7:17-26, claim 1 (“an 
automatic switch over 
module, in communication 
with both said cell phone 
functionality and said RF 
communication 
functionality”).

I note that the Defendants have proffered a declaration from two different 

experts on this claim term. However, I must disagree with both Dr. Wells and Dr. 

Min.

For the reasons set forth below, I disagree with Dr. Wells’s opinion that 

this term is subject to Section 112(6) and/or that it “does not have a well-understood

structural meaning in the field.” See Wells Decl. ¶ 98. Likewise, I disagree with Dr. 

Min’s opinion that the term is subject to § 112(6) and that a POSITA would 
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understand the structure includes a general purpose computer. See Min Decl. ¶¶ 124–

128. 

I further disagree with Dr. Wells’s and Dr. Min’s opinions that the written 

description and the prosecution history fails to impart any structural significance to 

this term. As stated in my opening report, it is my opinion that a POSITA, viewing the 

term in light of the specification, would understand that it refers to a known class of 

structures within multimode cell phones responsible for controlling radio 

communication, including integrated circuits (hardware and software components). 

See Madisetti Opening Decl. ¶ 76. 

Further, as stated in my opening declaration, I disagree with Dr. Min that 

if the term is subject to § 112(6), that there is insufficient structure. I also note that Dr. 

Wells disagrees with Dr. Min’s opinion that the specification lacks sufficient 

structure.  See Wells Decl. ¶¶ 102–108. That said, it is my opinion that Dr. Wells does 

not identify the correct function or structure. First, Dr. Wells’s formulation of the 

function reorders the claim terms in a way that introduces an extra requirement not 

found in the claim as written. By moving “automatic switch over” from the portion 

that refers to the module to the claim language that actually describes what the 

module does, Dr. Wells implies that the “automatic switch over” by itself adds a 

functional requirement. But Dr. Wells does not address the fact that if such a 

reordering occurred, it would render superfluous the portion of the claim that 

describes the module as “operable to switch a communication path…with another 

communication path later established…” Therefore, my identification of the 

function— with which Dr. Min agrees—is the correct one in view of the claim 

language itself. 

Next, Dr. Wells begins his analysis with the flawed assumption that a 

“POSITA would recognize that the function…is implemented by a 

computer/processor” and that therefore an algorithm must be identified. See Wells 

Decl. Para. 103. But a POSITA, well-versed in the field of wireless communication 

EXHIBIT M, APPX443
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technology, would understand that the use and operation of each mode of 

communication (e.g., cell phone, wireless, etc.) is controlled by hardware and 

software components in a multimode cell interacting with transceivers. This would 

have been basic knowledge at the time of the invention, and it goes beyond mere 

computer processing technology.  

Dr. Min opines that Steps 210 and 212 fail to recite an algorithm to a 

POSITA. See Min Decl. ¶¶ 130–131. I note that these steps are the exact steps that 

Dr. Wells identifies as the corresponding structure that is sufficient to a POSITA, and 

therefore that Dr. Wells was able to determine that a POSITA would understand the 

algorithm that Dr. Min was unable to identify. See Wells Decl. ¶¶ 104–108.

For the reasons stated in my opening declaration, however, I disagree with 

Dr. Wells’s conclusion that the corresponding structures for this term “are the 

algorithm provided by steps 210-212 in FIG. 2 and the algorithm provided by steps 

410-412 in FIG. 4…” First, FIG. 2 and 4 merely present two embodiments of the 

claimed invention that vary by communication mode. In other words, neither of those 

figures have any bearing on the functionality and structure disclosed for this term in 

the specification, because they represent examples of types of communication paths –

not the module to switch from one to another.

Second, Dr. Wells fails to address FIG. 1 and the portions of the 

specification that describe the structures with which “the desired mode of the 

multimode cell phone 100 may be controlled through suitable communications with 

each communication path functionality…” ’156 Patent at Col. 3:56–63. As I 

explained in my opening declaration, the specification, in conjunction with FIG. 1, 

discloses to one of skill in the art the various components and mechanisms for 

switching the communication paths. See Madisetti Opening Decl. ¶¶ 79–82.

EXHIBIT M, APPX444
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U.S. PATENT NO. 8,416,862  

I understand that Dr. Paul Min, Ph.D. submitted a declaration for the 

Defendants (the “Min Declaration” or “Min Decl.”) and provided his opinions 

regarding terms related to the ’862 Patent. I understand that Dr. Min’s opinions are at 

¶¶ 16–18 and 163–221.  Further, I understand that ¶¶ 16–18 are a summary of Dr. 

Min’s opinions, which are further addressed in ¶¶ 163–221.  Thus, I disagree with the 

summary of Dr. Min’s opinions in accordance with my disagreements with the 

specifics of Dr. Min’s opinions as discussed further below.

A. Opinions Regarding the Min Declaration 

In ¶¶ 163–166, Dr. Min quotes portions of the specification of the ’862 

Patent.  I do not dispute that these paragraphs accurately quote the specification.

I also note that Dr. Min provides a technology background for the Patents-

in-Suit in ¶¶32–54.  I do not see where Dr. Min incorporates this background for the 

purposes of any of his opinions regarding claim construction and therefore I do not 

provide opinions about Dr. Min’s recitation of the technology background but reserve 

the right to do so later if called upon or should it otherwise be required.

In ¶¶ 167–169, Dr. Min provides his opinion for the definition of a 

POSITA, which he defines as having a Bachelor’s degree in Electrical Engineering, 

Computer Engineering, Computer Science, or a related field, and at least 2 to 4 years 

of experience in the field of wireless communication, or a person with equivalent 

education, work, or experience in this field. I note that my definition of a POSITA 

includes two to three years of experience in digital communications systems, such as 

wireless communications systems and networks or the equivalent.  Thus, while I

disagree with Dr. Min’s more narrowed field of experience, my opinions remain the 

same even under Dr. Min’s definition of a POSITA.

B. “decompose the estimated transmitter beamforming unitary matrix (V) 

to produce the transmitter beamforming information”

EXHIBIT M, APPX445
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It is my understanding that each side’s respective claim construction of 

the above term from the ’862 Patent is as follows:

Plaintiff’s Proposed Construction Defendants’ Proposed 
Construction

Plain and ordinary meaning. In the 
alternative, to the extent the Court 
determines that a specific construction is 
warranted, BNR proposes: 

“factor the estimated transmitter 
beamforming unitary matrix (V) to 
produce a reduced number of quantized 
coefficients”

“factor the estimated transmitter 
beamforming unitary matrix (V) to 
produce a reduced set of angles”

For the reasons set forth below, I disagree with Dr. Min’s opinion that the 

“decompose . . .” term should be construed to mean “factor the estimated transmitter 

beamforming unitary matrix (V) to produce a reduced set of angles.”  First, I note that 

Dr. Min and I both agree with the first part of the decompose term, specifically “factor 

the estimated beamforming unitary matrix (V).” See Min Decl. ¶ 174.

I disagree with Dr. Min that the “decompose . . .” limitation produces a 

reduced set of angles, and I believe that Dr. Min’s opinion ignores the specification, 

the claim language, and the knowledge of a POSITA.  

I do not dispute Dr. Min’s recitation of the specification in ¶¶ 175–178, 

but I believe Dr. Min’s review of the specification stops short of the remaining 

relevant portions that also include a disclosure of “coefficients”.  For example, Dr. 

Min ignores Col. 15:34–39 of the specification, which states that the “coefficients of 

the Givens Rotation and the phase matrix coefficients serve as the transmitter

beamforming information that is sent from the receiving wireless communication 

device to the transmitting wireless communication device.” ’862 Patent at Col. 15:34–

38.

Further, Dr. Min ignores that the transmitter feedback information must 

actually be fed back to the transmitter. See Claim 9.  A POSITA would understand 

EXHIBIT M, APPX446
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that “angles” are not fed back as angles to the transmitter for the same reason that the 

patent disparages sending back of Cartesian coordinates—the data would be too large.  

Instead, the patent clearly contemplates the transmission of coefficients, and 

specifically quantized coefficients related to the reduced set of angles, to the 

transmitter as discussed in the specification at Col. 15:9–67. 

Thus, I disagree with Dr. Min that the transmitter beamforming 

information produced by factoring V would only restrictively exist as “angles.”

C. “a baseband processing module operable to: receive a preamble 

sequence carried by the baseband signal; estimate a channel response 

based upon the preamble sequence; determine an estimated transmitter 

beamforming unitary matrix (V) based upon the channel response and a 

receiver beamforming unitary matrix (U); decompose the estimated 

transmitter beamforming unitary matrix (V) to produce the transmitter 

beamforming information; and form a baseband signal employed by the 

plurality of RF components to wirelessly send the transmitter 

beamforming information to the transmitting wireless device”

It is my understanding that each side has the following positions on the 

above term from the ’862 Patent:

Plaintiff’s Proposed Construction Defendants’ Proposed 
Construction

Not a 112 ¶ 6 claim element 

In the alternative, to the extent the Court 
determines that this claim is governed 
by 112 ¶ 6, BNR proposes the following 
Function and Structure, and disagrees 
that the term is indefinite for lack of 
corresponding structure:

Function:
“receive a preamble sequence carried by 
the baseband signal;
estimate a channel response based upon 
the preamble sequence;

This is a 112 ¶ 6 claim element.

Function: “receive a preamble 
sequence carried by the baseband 
signal;
estimate a channel response based 
upon the preamble sequence;
determine an estimated transmitter 
beamforming unitary matrix (V) 
based upon the channel response and 
a receiver beamforming unitary 
matrix (U);
decompose the estimated transmitter 
beamforming unitary matrix (V) to 

EXHIBIT M, APPX447
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Plaintiff’s Proposed Construction Defendants’ Proposed 
Construction

determine an estimated transmitter 
beamforming unitary matrix (V) based 
upon the channel response and a 
receiver beamforming unitary matrix 
(U);
decompose the estimated transmitter 
beamforming unitary matrix (V) to 
produce the transmitter beamforming 
information; and form a baseband signal 
employed by the plurality of RF 
components to wirelessly send the 
transmitter beamforming information to 
the transmitting wireless device”

Structure:
Corresponding structure for the alleged 
function exists in at least the following 
portions of the patent specification, or 
their equivalents: 

Figs. 2-5, Col. 5:49–6:12, 6:37–7:20; 
7:51–9:30; 9:31–13:35; 13:54–15:67.

produce the transmitter beamforming 
information; and
form a baseband signal employed by 
the plurality of RF components to 
wirelessly send the transmitter 
beamforming information to the 
transmitting wireless device”

Structure: Indefinite for lack of 
corresponding structure in the patent 
specification.

For the reasons set forth below, I disagree with Dr. Min’s opinion that the 

“baseband processing module” term is governed by 112 ¶ 6 and, even if it were a 

means-plus-function claim, I disagree that there is a lack of sufficient corresponding 

structure in the specification. 

I disagree with Dr. Min’s opinion that the “baseband processing module” 

term is governed by 112 ¶ 6 because a POSITA, viewing the term in light of the 

specification, would understand that it refers to a class of structures of baseband 

processors that may be implemented in whole or in part in ASIC, FGPA, logic 

circuits, or similar implementation methods in RF communication hardware and 

software.  Dr. Min’s opinion is based on the belief that the claim limitation includes a 

general purpose computer.  In doing so, Dr. Min ignores the knowledge of a POSITA 

and the prior art, which identify that the term has come to be understood to identify a 

specific type of processor in RF communications.

I notice that Dr. Min, while noting that he reviewed the extrinsic evidence 

submitted by BNR, did not address it.  Had Dr. Min addressed the extrinsic evidence, 

EXHIBIT M, APPX448
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he should have been able to determine that the baseband processing module is, itself, 

a known structure in the art at the time of the invention. 

Should the Court determine that the “baseband processing module” term 

is governed by 112 ¶ 6, I also disagree with Dr. Min’s opinion that the term lacks 

sufficient structure for the alleged function.  I note that both Dr. Min and myself agree 

on the alleged, proposed function should the “baseband processing module” term be 

governed by 112 ¶ 6, as noted in the chart above and in ¶ 186 of Dr. Min’s 

declaration.

First, I note that Dr. Min separates portions of the disputed term into the 

following distinct sub-terms: (1) receive a preamble sequence carried by the baseband 

signal, (2) estimate a channel response based upon the preamble signal, (3) determine 

the estimated transmitter beamforming unitary matrix . . ., (4) decompose the 

estimated transmitter beamforming unitary matrix . . ., and (5) form a baseband signal 

employed . . . .  I understand that Dr. Min believes sufficient structure exists for the 

determine and decompose sub-terms, but contends that the receive, estimate, and form 

a baseband signal sub-terms lack sufficient structure.1 Thus, I will only address why I 

believe Dr. Min is incorrect that the receive, estimate, and form a baseband signal 

sub-terms lack sufficient structure.

It is my opinion that sufficient structure exists for “receive a preamble

sequence carried by the baseband signal” sub-term.  First, I note that Dr. Min 

identifies, from Figure 3, the baseband processing module 100, which he further states 

that “Baseband processing module 100 is further illustrated in Figures 4 and 5.” See 

Min Decl. ¶ 187.  Particularly, Dr. Min correctly identifies that “Figure 5 is a 

schematic block diagram of a baseband receive processing 100-RX . . . .” See Min

1 I also understand from counsel that BNR requested that Defendants separately 
disclose whether each sub-term lacked sufficient structure and if not, what Defendants 
claimed the structure to be but that Defendants did not do so until and through Dr. 
Min’s declaration.  To the extent Dr. Min’s identified structure differs from the 
structure I identify in my Opening Declaration, I disagree with Dr Min. 

EXHIBIT M, APPX449
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Decl. ¶ 187 (citing 11:60–67).   Dr. Min does not, however, continue his cited portion 

of the specification which identifies each of the sub elements of 100-RX or that “one 

of ordinary skill in the art will further appreciate that” each of these sub elements 

“may be function[sic] in accordance with one or more wireless communication 

standards including, but not limited to, IEEE 802.11a, b, g, n.” See ’862 Patent at Col. 

11:68—12:10.   

Likewise, Dr. Min points to steps 702 and 802 of Figures 7 and 8 

respectively but does not also identify that “most of the operations 700 of Fig. 7 are 

typically performed by a baseband processing module, e.g. 100 of Fig. 3 of a 

receiving wireless device” and the “operations 800 of Fig. 8 are similar to the 

operations 700 of Fig. 7 and would typically be performed by a baseband processing 

module, e.g. 100 of Fig. 3 of a receiving wireless device.”  See ’862 Patent at Col.

13:31–35; 14:16–20.

Further, the specification states that “the FFT modules 140, 142 function 

in accordance with one of the IEEE 802.11x standards to provide an OFDM 

(Orthogonal Frequency Domain Multiplexing) frequency domain baseband signals 

that includes a plurality of tones, or subcarriers, for carrying data.” See ’862 Patent at 

Col. 12:34–44.  A person of ordinary skill in the art would understand that functioning 

in accordance with one of the IEEE 802.11x standards requires sending (or for the 

receiving device, receiving) a preamble sequence, which is carried by the baseband 

signal.  Thus, a person of ordinary skill in the art would find sufficient structure in the 

specification for the “receive a preamble sequence carried by the baseband signal” 

sub-term.

It is my opinion that sufficient structure exists for “estimate a channel 

response based upon the preamble signal” sub-term.  Dr. Min acknowledges that the 

specification states that “[e]stimating the channel response includes comparing 

received training symbols of the preamble to corresponding expected training symbols 

using any number of techniques that are known in the art.”  See Min Decl. ¶ 196 

EXHIBIT M, APPX450
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(citing ’862 Patent at Col. 13:40–44). It is my opinion that Dr. Min fails to credit the 

cited portion of the specification as the necessary algorithm.  By disclosing that the 

estimating a channel response involves comparing received training symbols with the 

expected training symbols, a POSITA would have sufficient knowledge of the 

techniques known in the art to perform this algorithm.  This is especially so in the 

context of the specification, which identifies the utilization of an OFDM scheme and 

therefore implies the various, well known in the art implementations of channel 

response estimation through comparison of preamble-based received training symbols 

to expected training symbols.   

It is my opinion that sufficient structure exists for “form a baseband signal 

employed . . .” sub-term.  Dr. Min incorrectly narrows his analysis to only steps 710 

and 808 of Figures 7 and 8.  In doing so, Dr. Min ignores the specification’s 

disclosure of the 100-TX described in Figure 4, the accompanying specification 

portions, and the knowledge of a POSITA.  Specifically, Dr. Min does not note that 

the baseband processing module 100 executes digital transmitter functions, which 

includes, at least, inverse fast Fourier transform and digital baseband to IF conversion.  

See ’862 Patent at Col. 7:56–8:1.  The specification then goes on in column 8 to 

describe that the baseband processing module produces one or more outbound symbol 

streams based on a mode of operation that is compliant with various IEEE 802.11 

standards, which are based on OFDM. Thus it is my opinion that the ’862 Patent 

discloses sufficient structure for the “form a baseband signal employed” sub-term.

D. “the baseband processing module is operable to: produce the estimated 

transmitter beamforming unitary matrix (V) in Cartesian coordinates; 

and convert the estimated transmitter beamforming unitary matrix (V) 

to polar coordinates”

It is my understanding that each side has the following positions on the 

above term from the ’862 Patent:

EXHIBIT M, APPX451
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Plaintiff’s Proposed Construction Defendants’ Proposed 
Construction

Not a 112 ¶ 6 claim element –.

In the alternative, to the extent the 
Court determines that this claim is 
governed by 112 ¶ 6, BNR proposes 
the following Function and 
Structure, and disagrees that the term 
is indefinite for lack of 
corresponding structure:

Function:
“a baseband processing module 
operable to . . . produce the 
estimated transmitter beamforming 
unitary matrix (V) in Cartesian 
coordinates; and convert the 
estimated transmitter beamforming 
unitary matrix (V) to polar 
coordinates”

Structure:
Corresponding structure for the 
alleged function exists in at least the 
following portions of the patent 
specification, or their equivalents:

Figs. 2-5, Col. 5:49–6:12, 6:37–7:20; 
7:51–9:30; 9:31–13:35; 13:54–15:67.

This is a 112 ¶ 6 claim element.

Function: “a baseband processing 
module operable to . . . produce the 
estimated transmitter beamforming 
unitary matrix (V) in Cartesian 
coordinates; and
convert the estimated transmitter 
beamforming unitary matrix (V) to 
polar coordinates”

Structure: Indefinite for lack of 
corresponding structure in the patent 
specification.

I understand that Dr. Min believes this term is governed by 112 ¶ 6 for the 

same reasons that he concluded the “baseband processing module” term above is 

governed by 112 ¶ 6.  I disagree with Dr. Min for the reasons I state above in response 

and for the reasons set forth in my Opening Declaration.  I also disagree with Dr. 

Min’s opinion that this term, even if governed by 112 ¶ 6, would lack sufficient 

structure. 

I note that Dr. Min separates portions of the disputed term into the 

following distinct sub-terms: (1) produce the estimated transmitter beamforming 

unitary matrix (V) in Cartesian coordinates and (2) convert the estimated transmitter 

beamforming unitary matrix (V) to polar coordinates.  For the sub-term “produce the 

estimated transmitter beamforming unitary matrix (V) in Cartesian coordinates,” I 
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understand that Dr. Min believes there is sufficient structure disclosed2.  Thus, I 

understand that the only aspect in which Dr. Min believes there is not a disclosure of 

sufficient structure is for the “convert the estimated transmitter beamforming unitary 

matrix (V) to polar coordinates” sub-term. 

I disagree with Dr. Min that the “convert the estimated transmitter 

beamforming unitary matrix (V) to polar coordinates” lacks sufficient structure. 

Cartesian to polar conversion is a rudimentary mathematical principle taught even in 

high school trigonometry classes.  Further, application of this basic mathematical 

concept to OFDM communications, as implied by the specification (see 13:25–36),

states that the method 700 of Fig. 7 relates to MIMO wireless communication 

systems, among others. A POSITA would then know to employ any of the known 

Cartesian to polar coordinate techniques well known in the field of MIMO wireless 

communication and OFDM. Thus, it is my opinion that the specification discloses 

sufficient structure to a POSITA.

U.S. PATENT NO. 7,957,450  

I have reviewed the declaration submitted by Dr. Min concerning the 

disputed terms of the ’450 Patent.

In ¶ 138, Dr. Min provides his opinion for the definition of a POSITA, 

which he defines as having a Bachelor’s degree in Electrical Engineering, Computer 

Engineering, Computer Science, or a related field, and at least 2–4 years of experience 

in the field of wireless communications, or a person with equivalent education, work, 

or experience in this field. I note that my definition of a POSITA includes two to three 

years of experience in digital communications systems, such as wireless 

communications systems and networks or the equivalent.  Thus, while I disagree with 

2 I disagree with Dr. Min’s opinions in ¶¶198–201 and 218, where he improperly limits 
the “determine an estimated transmitter beamforming unitary matrix” sub-term to only 
Cartesian coordinates. The specification makes clear that for Fig. 8 and Step 804, V is 
produced in polar coordinates.  The specification further details this in at least column 
12, lines 46 to 64.   
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Dr. Min’s more narrowed field of experience, my opinions remain the same when 

using Dr. Min’s definition of a POSITA as well. 

A. “channel estimate matrices” / “matrix based on the plurality of channel 

estimates” 

It is my understanding that each side has the following claim construction 

positions regarding the above term from the ’450 Patent:

Plaintiff’s Proposed Construction Defendants’ Proposed 
Construction

Plain and ordinary meaning. In the 
alternative, to the extent the Court 
determines that a specific 
construction is warranted, BNR 
proposes:

“one or more matrices that is based 
on an SVD decomposition of the 
estimates of the values of H(t)”

“matrix Hest for tones of different 
frequencies, where Hest contains
estimates of the true values of H(t)”

As set forth in my opening declaration, which is incorporated by 

reference, it is my opinion that a POSITA would understand this term to mean “one or 

more matrices that is based on an SVD decomposition of the estimates of the values 

of H(t).”

I note that the specification describes several different channel estimate 

embodiments:

In MIMO systems which communicate according to specifications in IEEE 
resolution 802.11, the receiving mobile terminal may compute H(t) each time a 
frame of information is received from a transmitting mobile terminal based upon 
the contents of a preamble field in each frame. The computations which are 
performed at the receiving mobile terminal may constitute an estimate of 
the "true" values of H(t) and may be known as "channel estimates". For a 
frequency selective channel there may be a set of H(t) coefficients for each tone 
that is transmitted via the RF channel. To the extent that H(t), which may be 
referred to as the "channel estimate matrix", changes with time and to the 
extent that the transmitting mobile terminal fails to adapt to those changes, 
information loss between the transmitting mobile terminal and the receiving 
mobile terminal may result. 
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’450 Patent at Col. 4:10–24.

In one embodiment of the invention, a receiving mobile terminal may 
periodically transmit feedback information, comprising a channel estimate 
matrix, Hup, to a transmitting mobile terminal. In another embodiment of the 
invention, a receiving mobile terminal may perform a singular value 
decomposition (SVD) on the channel estimate matrix, and subsequently transmit 
SVD-derived feedback information to the transmitting mobile terminal. 

’450 Patent at Col. 7:64–8:5. 

Yet another embodiment of the invention may expand upon the method 
utilizing sounding frames to incorporate calibration. In this aspect of the 
invention, a receiving mobile terminal, after transmitting a sounding frame, 
may subsequently receive a channel estimate matrix, Hdown, from the 
transmitting mobile terminal. The receiving mobile terminal may then transmit 
feedback information which is based upon the difference H.up-Hdown, to the 
transmitting mobile terminal. 

’450 Patent at Col. 8:10–18.

In one embodiment of the invention, a full channel estimate matrix which is 
computed by a receiving mobile terminal, Hest, may be represented by its SVD: 
Hest=USVH, where equation[2] Hest may be a complex matrix of dimensions Nrx

xNtx, where Nrx may be equal to the number of receive antenna at the receiving 
mobile terminal, and Ntx may be equal to the number of transmit antenna at the 
transmitting mobile terminal, U may be an orthonormal complex matrix of 
dimensions Nrx Nrx, S may be a diagonal real matrix of dimensions Nrx x Ntx, and 
V may be an orthonormal complex matrix of dimensions Ntx x Ntx with VH being 
the Hermitian transform of the matrix V. 

’450 Patent at Col. 8:52–65.

Dr. Min acknowledges that “the ’450 Patent consistently refers to 

“channel estimate matrix” as a matrix H….Similarly, the claim term ‘matrix based on 

the/said plurality of channel estimates’ must also refer to a matrix H.”  See Min Decl. 

at ¶148.

However, Dr. Min goes on to state that the specification discloses “the 

patent uses the notation ‘Hest’ to indicate that the matrix H is ‘an estimate’ of the 

channel.”  See Min Decl. at ¶149.  However, as shown by the specification excepts 

above, the patent also used Hup and Hdown to describe a “channel estimate matrix.”  I 

understand that it is improper to import a specific embodiment into the construction of 
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claim term, which appears to be a flaw in Dr. Min’s and Defendants’ construction.  In 

fact, Dr. Min acknowledges that the use of Hest is disclosed as “an embodiment of the 

invention utilizing singular value decomposition…” See Min Decl. at ¶146.  

I also note that claim 2 of the ’450 Patent adds the limitation “computing 

each of said plurality of channel estimate matrices for a corresponding one of a 

plurality of tones, wherein each of said plurality of tones corresponds to one or more 

distinct frequencies.”  Thus, Defendants’ “for tones of different frequencies” 

limitation should not be incorporated into claim 1 since it is claimed in a dependent 

claim.  

Dr. Min criticizes BNR’s proposed construction because it “incorporates 

into the terms to be construed an SVD limitation that is separately claimed in the 

independent claims into the terms to be construed…”  See Min Decl. at ¶154.  The 

Specification discloses: 

If a complete channel response is not to be sent, in step 814, the receiving 
mobile terminal 222 may compute a complete channel estimate matrix 
based on the preamble field in the preceding MIMO channel request 
frame. In step 816, the receiving mobile terminal 222 may compute the 
matrix decomposition on the complete channel estimate matrix. In step 
816, matrix decomposition on the complete channel estimate matrix may 
be performed by a plurality of methods comprising SVD, QR 
decomposition, lower diagonal, diagonal, upper diagonal (LDU) 
decomposition, and Cholesky decomposition.

’450 Patent at Col. 17:52–62.

While the specification recognizes that there are several decomposition 

methods, the claim language expressly restricts the decomposition method to singular 

value decomposition.  See, for example, ’450 Patent at Col. 19:16–19 (“wherein said 

plurality of channel estimate matrices comprise coefficients derived from performing 

a singular value matrix decomposition (SVD) on said received signals”), 19:61–63

(“wherein said plurality of channel estimate matrices comprise coefficients derived 

from performing a singular value matrix decomposition (SVD) on said received 
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signals”), 20:47–49 (“wherein the matrix comprises coefficients from performing a 

singular value matrix decomposition (SVD) on said plurality of channel estimates”), 

and 20:57–60 (“wherein said matrix comprises coefficients derived from performing a 

singular value matrix decomposition (SVD) on said plurality of channel estimates”).  

However, in the alternative, a POSITA would also understand the construction of this 

term to be the estimate matrices based on a decomposition of the channel matrix 

estimates by one or more of the methods listed in Col. 17:52–62, and the claim itself 

restricts it to SVD. 

Dr. Min also criticizes BNR’s construction because it “requires a channel 

estimate matrix (or matrices) to be “based on an SVD decomposition of the estimates 

of the values of H(t).”  See Min Decl. at ¶153.  However, as discussed above, the 

independent claims are specifically limited to SVD by the claim language, and their

including a decomposition by other methods, such as QR in addition to SVD in the 

proposed construction, will not provide a meaningful difference.

B. “coefficients derived from performing a singular value matrix 

decomposition (SVD)” 

It is my understanding that each side has the following claim construction 

positions regarding the above term from the ’450 Patent:

Plaintiff’s Proposed Construction Defendants’ Proposed 
Construction

Plain and ordinary meaning. In the 
alternative, to the extent the Court 
determines that a specific 
construction is warranted, BNR 
proposes:

“values derived from a singular 
value decomposition”

“values in the matrices U, S, or VH,
where Hest=USVH”

As set forth in my opening declaration, which is incorporated by 

reference, it is my opinion that a POSITA would understand this phrase to mean 

“values derived from a singular value decomposition.”
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Dr. Min’s and Defendants’ proposed construction of this phrase flows 

from the flawed construction of the “channel estimate matrices” term above, which I 

incorporate herein by reference.  I explained in the section above why it is improper to 

limit the claim to the Hest, which is one embodiment disclosed in the specification. 

U.S. PATENT NO. 7,990,842 

I have reviewed the declaration submitted by Dr. Wells concerning the 

disputed terms of the ’842 Patent. 

In ¶ 36, Dr. Wells provides his opinion for the definition of a POSITA, 

which he defines as having a bachelor’s degree in electrical engineering or some 

similar technical field, along with two to three years of experience with wireless 

networks, such as experience with wireless local area or mobile networks. I note that 

my definition of a POSITA includes a bachelor’s degree in electrical engineering, 

computer engineering, computer science or similar field and two to three years of 

experience in digital communications systems, such as wireless communications 

systems and networks or the equivalent.  Thus, I disagree with Dr. Wells’s more 

narrowed field of experience.

A. “standard wireless networking configuration for an Orthogonal

Frequency Division Multiplexing scheme” 

It is my understanding that each side has the following positions regarding 

the above term from the ’842 Patent:

Plaintiff’s Proposed Construction Defendants’ Proposed 
Construction

BNR contends that this term is not 
indefinite.

However, to the extent the Court 
determines that a specific 
construction is warranted, BNR 
proposes the following alternative 
construction: “a standard issued by a 
Standard Setting Organization (for, 
example, IEEE or 3GPP) utilizing an 

Indefinite
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Orthogonal Frequency Division 
Multiplexing scheme.”

As set forth in my opening declaration, which is incorporated by 

reference, it is my opinion that this term is not indefinite and that a POSITA at the 

time of the invention would understand this term to mean “a standard issued by a 

Standard Setting Organization (for, example, IEEE or 3GPP) utilizing an Orthogonal 

Frequency Division Multiplexing scheme.”

Dr. Wells admits that a POSITA would, at a minimum, “interpret the 

word ‘standard’ as related to IEEE 802.11 standards.”  See Wells Opening Decl. at 

¶42.   Further, Dr. Wells acknowledges that a POSITA could “interpret [this] term to 

be limited to IEEE 802.11 standards that have wireless networking configurations for 

OFDM.” See Wells Opening Decl. at ¶43.

Dr. Wells goes on to argue that certain 802.11 known at the time are 

configured for OFDM.  See Wells Opening Decl. at ¶44.

Despite these admissions, Dr. Wells opines that the scope of the claims is 

not precise because different standards use different wireless networking 

configurations.  See Wells Opening Decl. at ¶45. 

I disagree with Dr. Wells.  First, it is important to look at the entire claim 

limitation to understand the disputed phrase in context: “wherein at least the optimal 

extended long training sequence is carried by a greater number of subcarriers than a 

standard wireless networking configuration for an Orthogonal Frequency Division 

Multiplexing scheme.”  This language makes clear that the wireless networking 

configuration must use sub-carriers, which places limits on the standards covered.  In 

addition, the claim language specifically requires that the configuration be one “for an 

Orthogonal Frequency Division Multiplexing scheme.”  Again, this is a significant 

limitation that places bounds on the reach of the claims and provides reasonable 

certainty to a POSITA. 
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I further note that Dr. Wells only focuses on claim 1 of the ’842 Patent.  

However, the dependent claims provide further clarity to a POSITA.  For example, 

claim 2 requires the optimal extended long training sequence be carried by at least 56 

active subcarriers.  Therefore, for example, when analyzing the scope of claim 2, the 

requirement to use 56 sub-carriers provides additional clarity as seen when that 

requirement is incorporated into the pertinent claim limitation: wherein at least the 

optimal extended long training sequence is [carried by at least 56 active subcarriers]

than a standard wireless networking configuration for an Orthogonal Frequency 

Division Multiplexing scheme.  This simple substitution shows that OFDM wireless 

networking configurations not utilizing 56 active subcarriers would be excluded.  

Adding the narrowing revisions from dependent claims 3, further narrows the scope.

Dr. Wells also argues that the claim is indefinite because he is unclear as 

to “how many subcarriers is considered ‘a greater number of subcarriers’ compared to 

a ‘standard’ configuration.” See Wells Opening Decl. at ¶45.  I disagree with this 

argument.  A greater number of subcarriers simply means that there must be more 

subcarriers than are utilized in a prior version of the relevant standard.  Furthermore, 

as the substitution example shows, the dependent claims provide significant 

information to a POSITA, such that reasonable certainty as to the scope of the claims 

is provided.  I also note that, as Dr. Wells acknowledges in his declaration, absolute 

precision is not required in a definiteness analysis.  See Wells Opening Decl. at ¶45.

As far as ¶48 in Dr. Wells’s Declaration, I disagree that BNR’s proposed 

construction does not provide clarity.  First, the proposed construction’s identification 

of IEEE or 3GPP greatly reduces the universe of standards.  Second, limiting the 

technology to standardized versions of OFDM, as required by the claim, places limits 

on the scope and would be recognized and understood by a POSITA as being 

applicable to any OFDM-based standard to enhance it over its earlier versions.
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I conclude that the phrase “standard wireless networking configuration for 

an Orthogonal Frequency Division Multiplexing scheme” as used in the ’842 Patent 

provides reasonable certainty to a POSITA. 

B. “a legacy wireless local area network device in accordance with a legacy 

wireless networking protocol standard”

It is my understanding that each side has the following positions regarding 

the above term from the ’842 Patent:

Plaintiff’s Proposed Construction Defendants’ Proposed 
Construction

BNR contends that this term is not 
indefinite.

However, to the extent the Court 
determines that a specific 
construction is warranted, BNR 
proposes the following alternative 
construction: “a training sequence 
that uses more active subcarriers 
than an earlier version of the same 
standard.”

Indefinite

As set forth in my opening declaration, which is incorporated by 

reference, it is my opinion that this term is not indefinite and that a POSITA at the 

time of the invention would understand this term to mean “a training sequence that 

uses more active subcarriers than an earlier version of the same standard.”

A legacy standard is a past version of the standard to the current time.  

This concept is not unusual and is even found in the literature of the time.  See

Appendix 4 (S. Mangold, et. al., Analysis of IEEE 802.11e for QoS Support in 

Wreless LANs (IEEE Wireless Communications, Dec. 2003)) (“We analyze the 

enhancements in 802.11e and compare its performance to the legacy 802.11 

standard.”…..).

Dr. Wells admits that a POSITA would “understand that the term ‘legacy’ 

is relative” and that the specification describes that invention in terms of improving 

upon older versions of the 802.11 standard with a newer version.  See Wells Opening 
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Decl. at ¶¶54-55.  More importantly, Dr. Wells recognizes that older versions of a 

standard are “legacy” when compared to a newer version of the same standard.  See

Wells Opening Decl. at ¶55 (“For example, when devices compatible with 802.11a 

and 802.11g are in the same WLAN, the 802.11a compatible devices would be 

considered “legacy” because 802.11a is an “older version” of the 802.11 standard 

relative to 802.11g. In contrast, where devices compatible with 802.11a, 802.11g and 

802.11n are in the same WLAN, both the 802.11a and 802.11g devices would be 

considered “legacy” because they are both “older versions” of the 802.11 standard 

relative to 802.11n.”).  Thus, Dr. Wells admits that a POSITA would recognize that 

the claim language applies to a standard that evolves over time, which provides clarity 

to a POSITA.

Dr. Wells opines that “A version of a standard can only be an “earlier 

version” relative to another newer version of the standard. Thus, the term [allegedly] 

remains indefinite because a POSITA cannot ascertain which versions of a standard 

are “earlier versions” without knowing the full set of standards being considered.”  

See Wells Opening Decl. at ¶57.  I find this argument perplexing because Dr. Well 

implies that POSITA would not know if a standard has an older version, which is a 

perplexing position.  Furthermore, Dr. Wells argues for a level of precision 

(identification of an exact standard in the claims) which contradicts the legal 

requirements set forth in his declaration that absolute precision is not required. See

Wells Opening Decl. at ¶30.

In ¶ 58, Dr. Wells asserts that “a POSITA would still not be able to 

ascertain the scope of the relative term ‘legacy’ without also knowing the specific 

versions of IEEE 802.11 that are in consideration.”  I disagree with this assertion for 

the reasons set forth in my opening declaration.  Furthermore, it is important to look at 

the disputed phrase in context: “wherein the optimal extended long training sequence 

is longer than a long training sequence used by a legacy wireless local area network 

device in accordance with a legacy wireless networking protocol standard.” (’842 
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claim 14.)  Thus, another factor adding reasonable certainty to the claims is that the 

claimed extended training sequence must be longer than the training sequence used by 

a prior version of the standard.  

I conclude that the phrase “a legacy wireless local area network device in 

accordance with a legacy wireless networking protocol standard” as used in the ’842 

Patent provides reasonable certainty to a POSITA. 

C. “extended long training sequence”

It is my understanding that each side has the following positions regarding 

the above term from the ’842 Patent:

Plaintiff’s Proposed Construction Defendants’ Proposed 
Construction

BNR contends that this term is not 
indefinite. 

However, to the extent the Court 
determines that a specific construction 
is warranted, BNR proposes the 
following alternative construction: “a 
training sequence that uses more active 
subcarriers than an earlier version of 
the same standard.”

Indefinite

As set forth in my opening declaration, which is incorporated by 

reference, it is my opinion that this term is not indefinite and that a POSITA at the 

time of the invention would understand this term to mean “a training sequence that 

uses more active subcarriers than an earlier version of the same standard.”

The specification identifies that in the existing 802.11a and 802.11g 

standards, “each data packet starts with a preamble which includes a short training 

sequence followed by a long training sequence. The short and long training sequences 

are used for synchronization between the sender and the receiver. The long training 

sequence of 802.11a and 802.11g is defined such that each of sub-carriers -26 to +26 

has one BPSK consellation point, either +1 or -1.”  A POSITA would understand this 
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to mean that the 802.11a and 802.11g training sequences are carried on 52 sub-

carriers (i.e., from -26 to +26). 

The specification describes embodiments that use 56 active sub-carriers

and 63-subcarriers.  See ’842 Patent Col. 5:14–25; Figs 4-5. The use of 56 and 63 sub-

carriers is more than the 52 sub-carriers used by the 802.11a and 802.11g standard, as 

set forth in the specification.  Thus, I disagree with Dr. Wells’s statement that the 

“specification and claim fail to clearly define how many subcarriers must be used for 

a training sequence to fall within the scope of the claimed “extended long training 

sequence.”  See Wells Opening Decl. at ¶66.

I also note that Dr. Well does not attempt to analyze the dependent claims, 

which provide additional information.  For example, claim 2 of the ’842 Patent 

specifically states that “the optimal extended long training sequence is carried by at 

least 56 active sub-carriers.”  Likewise, claim 5 provides that “the optimal extended 

long training sequence is carried by at least 63 active sub-carriers.”  Thus, these 

claims directly address Dr. Wells’s contention that there is no indication of “how 

many subcarriers must be used for a training sequence to fall within the scope of the 

claimed ‘extended long training sequence.’”  See Wells Opening Decl. at ¶66.

I also disagree with Dr. Wells’s general assertion that “a POSITA would 

not be able to determine whether the use of more active subcarriers of an ‘earlier 

version’ of the 802.11 standard or the IEEE 802.16 standard falls within the scope of 

this term.  Dr. Wells cites to prior argument earlier in his declaration and I incorporate 

my rebuttals to those same arguments.

I conclude that the term “extended long training sequence” as used in the 

’842 Patent provides reasonable certainty to a POSITA.

D. “optimal extended long training sequence”

E. It is my understanding that each side has the following positions regarding 

the above term from the ’842 Patent: 
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Plaintiff’s Proposed Construction Defendants’ Proposed 
Construction

Not indefinite Indefinite

The specification explains:

The present invention provides an expanded long training sequence of
minimum peak-to-average power ratio and thereby decreases power 
back-off. The inventive expanded long training sequence may be used by 
802.11a or 802.11g devices for estimating the channel impulse response 
and by a receiver for estimating the carrier frequency offset between the 
transmitter clock and receiver clock. The inventive expanded long training 
sequence is usable by 802.11a or 802.11g systems only if the values at 
sub-carriers -26 to +26 are identical to those of the current long training 
sequence used in 802.11a and 802.11g systems. As such, the invention 
utilized the same +1 or -1 binary phase shift key (BPSK) encoding for 
each new sub-carrier and the long training sequence of 802.11a or 
802.11g systems is maintained in the present invention. 

’842 Patent at Col. 4:4–18.

In describing Figure 4, the specification teaches:

FIG. 4 illustrates the long training sequence with a minimum peak-to-
average power ratio that is used in 56 active sub-carriers. Out of the 16 
possibilities for the four new sub-carrier positions, the sequence 
illustrated in FIG. 4 has the minimum peak-to-average power ratio, 
i.e., a peak-to-average power ratio of 3.6 dB.

’842 Patent at Col. 5:14–19.   

Likewise, in describing Figure 5, the specification teaches:

FIG. 5 illustrates the long training sequence with a minimum peak-to-
average power ratio that is used in 63 active sub-carriers. Out of the 
2048 possibilities for the eleven new sub-carrier positions, the 
sequence illustrated in FIG. 5 has the minimum peak-to-average power 
ratio, i.e., a peak-to-average power ratio of 3.6 dB.

’842 Patent at Col. 5:20–25.   
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Thus, the specification explains that as additional sub-carriers are added 

(from the 52 sub-carriers used by the 802.11a and 802.11g standards), the possible 

combinations of +1 and -1 BPSK coding combinations increase.  However, the goal is 

to identify the combination the extended sequence with a minimum peak-to-average 

ratio.  This is a key aspect of the invention.

Furthermore, it is important to read the disputed phrase in context:  

“wherein the Inverse Fourier Transformer processes the extended long training 

sequence from the signal generator and provides an optimal extended long training 

sequence with a minimal peak-to-average ratio.”  (’842 Patent at Col. 5:46–49.)

Thus, the word “optimal” refers to the training sequence with a minimal peak to 

average ratio.  Thus, the claim language, especially in light of the teachings of the 

specification, provide a POSITA to reasonable clarity as to the scope of the claim.  

Dr. Wells renews the same arguments made in connection with the 

disputed “extended long training sequence” phrase.  See Wells Opening Decl. at ¶74.  

I have addressed those arguments above and re-incorporate them herein by reference.

Dr. Wells argues that “optimal” and “minimal” are relative terms lacking 

clarity.  See Wells Opening Decl. at ¶74.  I disagree.  As noted above, “optimal” refers 

to the combination of new subcarriers (beyond the 52-subcarriers used in the 802.11a 

and 802.11g standards) that provides a minimal peak-to-average ratio.  The 

specification teaches that the minimum peak-to-power ration is 3.6 dB.  See ’842 

Patent at Col. 5:14–19 (for 56 sub-carriers) and Col. 5:20–25 (for 63 sub-carriers).  I 

further note, that dependent claims 4 and 7, specifically claim the 3.6 dB limitation 

undermining Dr. Wells’s opinions.  Finally, in ¶ 30 of his declaration, Dr. Wells 

acknowledges that absolute precision is not required for a claim to satisfy the 

definiteness standard.

I conclude that the term “optimal extended long training sequence” as 

used in the ’842 Patent provides reasonable certainty to a POSITA. 
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I declare under penalty of perjury that the foregoing is true and correct. 

Executed this 8th day of May, 2019, in Atlanta, Georgia. 

      __________________________ 

      Dr. Vijay K. Madisetti, Ph.D.
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IN THE UNITED STATES DISTRICT COURT 
SOUTHERN DISTRICT OF CALIFORNIA 

BELL NORTHERN RESEARCH, 
LLC,

Plaintiff,

v.

COOLPAD TECHNOLOGIES, INC. 
AND YULONG COMPUTER 
COMMUNICATIONS,

Defendants.

C.A. No. 3:18-cv-1783-CAB-BLM

Judge: Hon. Cathy Ann Bencivengo

Magistrate Judge: Hon. Barbara L. 
Major

BELL NORTHERN RESEARCH, 
LLC,

Plaintiff,

v.

HUAWEI DEVICE (DONGGUAN) 
CO., LTD, HUAWEI DEVICE 
(SHENZHEN) CO., LTD., and 
HUAWEI DEVICE USA, INC.,

Defendants.

C.A. No. 3:18-cv-1784-CAB-BLM

BELL NORTHERN RESEARCH, 
LLC,

Plaintiff,

v.

KYOCERA CORPORATION and 
KYOCERA INTERNATIONAL INC.,

Defendants.
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SUR-REBUTTAL DECLARATION OF DR. VIJAY K. MADISETTI IN SUPPORT OF 

PLAINTIFF’S CLAIM CONSTRUCTIONS   1

INTRODUCTION 

On May 2, 2019, I submitted an Opening Declaration on Claim 

Construction, and on May 8, 2019, I submitted a Rebuttal Declaration on Claim 

Construction.  I hereby incorporate by reference the contents of both of those

declarations in their entirety, including a description of my qualifications and 

compensation, and also the appendices attached thereto.

I have reviewed the declaration of Jonathan Wells, Ph.D. dated May 1, 

2019, concerning United States Patent Nos. 6,941,156 (the ’156 Patent) and 7,990,842 

(the ’842 Patent) (“Wells Opening Declaration”). I have also reviewed Dr. Wells’ 

Declaration dated May 8, 2019, concerning the ’842 Patent (“Wells Rebuttal 

Declaration”). Below I respond to certain new arguments raised in the Wells Rebuttal 

Declaration.

OPINIONS 

I understand that, in the Wells Rebuttal Declaration, Dr. Wells addresses a 

term that Defendants have proposed for construction from the ’842 Patent, “Inverse 

Fourier Transformer.” For the reasons discussed in my Opening Declaration and 

below, I disagree with his opinions regarding this term.

As an initial matter, I note that Dr. Wells agrees with me that “the Fourier 

transform could map one domain to another in a broad mathematical sense.” Wells 

Rebuttal Declaration at ¶ 8.

Dr. Wells then states that “[i]n wireless communications, which is the 

field of art for the ’842 patent, the Fourier transform operates specifically to map 

between the time domain and frequency domain.” But this opinion is incorrect for at 

least three reasons.

First, the term that Defendants have proposed for construction is “Inverse 

Fourier Transformer,” which references a term of art with the broader meaning that I 

ascribed in my Opening Declaration: “circuit and/or software that at least performs an 

inverse Fourier transform.” An inverse Fourier transform, in turn, is a mathematical 
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SUR-REBUTTAL DECLARATION OF DR. VIJAY K. MADISETTI IN SUPPORT OF 

PLAINTIFF’S CLAIM CONSTRUCTIONS   2

concept that has broad applicability and connotes transforming from one domain to 

another. See Opening Declaration at ¶¶ 190, 192. Defendants have not proposed 

construing “Inverse Fourier Transformer in wireless communications” (and such a 

term does not appear in the ’842 Patent). 

Second, it is incorrect from a technical point to state that, in wireless 

communications, the inverse Fourier transform can only (and must only!) map 

between the time domain and frequency domain as a matter of fact.  Indeed, as shown 

below, this broad statement by Dr. Wells is readily disproved. 

For instance, Appendix 5 to this Declaration, a peer-reviewed and 

published academic paper entitled “Discrete Fourier Transform based Multimedia 

Colour Image Authentication for Wireless Communication (DFTMCIAWC),”

(emphasis added) shows the exemplary use of an inverse Fourier transform to 

“transform [an] embedded image from frequency domain to spatial domain”

(emphasis added). Equation 1 of this reference further shows exemplary forward 

mapping between frequency and spatial domains in the wireless communications area 

between two 2-dimensional domains, (x, y) and (u, v) respectively:

Similarly, Appendix 6 to this declaration, a peer-reviewed and published

academic paper entitled “Spatial Channel and System Characterization” discussing 

multi-antenna (wireless) communications systems, shows that an example of an

“inverse Fourier transform converts a signal from wave vector domain to space

domain” (emphasis added). Equations 2 and 3 of this reference show exemplary 

mapping between the wave vector and spatial domains in a Fourier transform and 

corresponding inverse Fourier transform in the context of wireless communications:

EXHIBIT N, APPX472
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SUR-REBUTTAL DECLARATION OF DR. VIJAY K. MADISETTI IN SUPPORT OF 

PLAINTIFF’S CLAIM CONSTRUCTIONS   3

These are simply two examples of references that support my opinion that the plain 

and ordinary, mathematical meaning of an inverse Fourier transform still applies in 

wireless communications and a definition that must use time to frequency mapping or 

vice versa is just an example of its use, and not a correct definition or construction 

even when restricted to wireless communications. Further, based on my experience in 

this field, I would expect numerous similar references to exist, including from the 

2000-2004 time period. See, e.g., Appendix 7 (“Spread-Space Holographic CDMA 

Technique: Basic Analysis and Applications”).

Therefore, firstly, even in the context of wireless communications, inverse 

Fourier transforms are not limited to conversions between time and frequency 

domains, and secondly, would not limit it to a single variable in these or other 

domains (time, frequency, space, symbol, wave-vectors, …)  and must not be, in my 

technical opinion as supported by factual evidence herein. 

Thirdly, a person of ordinary skill in the art, when reading the term 

“Inverse Fourier Transformer” in light of the specification, would not limit it in the 

manner that Dr. Wells specifies, because there is nothing in the patent or file history 

that indicates that the Applicants intended to limit it as such. Just because a term is

used in a particular context in an embodiment in the patent specification does not 

necessarily limit it to mean that it can only be applied to the described practical 

application. Indeed, a POSITA would understand it as exemplary usage. 

In ¶ 11, Dr. Wells quotes portions of the specification of the ’842 Patent.  

I do not dispute that these paragraphs accurately quote the specification. However, the 

portion of the patent that Dr. Wells quotes, an explanation of Fig. 3, describes only 

one embodiment of the claimed invention. As stated in my Opening Declaration, I 
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understand that it is improper to limit a claim term to a single embodiment. Aside 

from this one paragraph, Dr. Wells does not cite any other intrinsic evidence to 

support Defendants’ construction.

Dr. Wells also cites Appendix 2 (Wells Rebuttal Exhibit F) to my 

Opening Declaration, the Bracewell reference, as an example of transforming between 

time and frequency domains. It is unclear what Dr. Wells intends to point out by that 

example. There is no dispute that an inverse Fourier transform could be performed

between time and frequency domains. But it is not limited to those domains, from the 

point of view of a POSITA at the time of the invention, according to the plain and 

ordinary meaning of the term in the art.   

Also, aside from the Bracewell reference, which specifically shows an

generic mathematical representation of two definitions of a Fourier transform, where 

one of them is the inverse or reverse of the other and neither of which is limited to 

mapping between time and frequency (see Opening Declaration at ¶ 187), Dr. Wells 

does not cite any other extrinsic evidence to support Defendants’ construction. 

Therefore, I disagree with Dr. Wells’s unsupported technical opinions

regarding “Inverse Fourier Transformer.”

I declare under penalty of perjury that the foregoing is true and correct. 

Executed this 16th day of May, 2019, in Atlanta, Georgia. 

      __________________________ 

      Dr. Vijay K. Madisetti, Ph.D.
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Dr. Paul Min - May 15, 2019
Job No. 3388837

1                  UNITED STATES DISTRICT COURT

2                SOUTHERN DISTRICT OF CALIFORNIA

3

4      BELL NORTHERN RESEARCH, LLC,

5

6                   PLAINTIFF,

7

8      vs.              No. C.A. NO. 3:18-CV-01783-CAB-BLM

9

10      COOLPAD TECHNOLOGIES, INC., ET AL,

11

12                    DEFENDANTS.

13

14

15           Deposition of Dr. Paul Min, taken on behalf of

16

17      the Plaintiff, at the offices of Gore Perry

18

19      Veritext, 515 Olive Street, Suite 300, in the City

20

21      of St. Louis, State of Missouri, on the 15th day of

22

23      May, 2019, before Randy R. Dunn, RPR, CRR, CCR MO

24

25      #193.
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1

2 APPEARANCES OF COUNSEL:

3

4  FOR THE PLAINTIFF:

5     Mr. Steven J. Udick

6     Skiermont Derby, LLP

7     1601 Elm Street, Suite 4400

8     Dallas, TX  75207

9     (214)-978-6611

10 email: sudick@skiermontderby.com

11

12  FOR THE DEFENDANTS:

13     Mr. Thomas W. Ritchie

14     Jones Day

15     77 West Wacker

16     Chicago, IL 606011

17     (312) 782-3939

18 email: twritchie@jonesday.com

19

20     Mr. Thomas DaMario (appeared by phone)

21     McDermott, Will & Emory

22     444 West Lake Street

23     Chicago, IL

24     (312) 984-7527

25 email: tdamario@mwe.com
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Dr. Paul Min - May 15, 2019
Job No. 3388837

1                   VIDEO DEPOSITION

2           THE VIDEOGRAPHER:  Good morning.  We are

3 going to the record at 10:08 a.m. on Wednesday,

4 May 15th, 2019.

5           Please note that the microphones are

6 sensitive and may pick up whispering, private

7 conversations and cellular interference.  Please

8 turn off all cell phones or place them away from the

9 microphones as they can interfere with the

10 deposition audio.

11           Audio and video recording will continue to

12 take place unless all parties agree to go off the

13 record.

14           This is media unit one of the video

15 recorded deposition of Dr. Paul Min taken by counsel

16 for the plaintiff in the matter of Bell Northern

17 Research, LLC versus Coolpad Technologies,

18 incorporated, et al.  Case Number 3:18-CV-01783,

19 filed in the United States District Court, Southern

20 District of California and the consolidated cases.

21 This deposition is being held at Veritext Legal

22 Solutions located at 515 Olive Street in St. Louis,

23 Missouri.

24           My name is Kimberlee Lauer from Veritext

25 and I'm a videographer.  And our court reporter is
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1 Randy Dunn also from Veritext.

2           I am not authorized to administer an oath,

3 I am not related to any party in this action, nor am

4 I financially interested in the outcome.

5           Counsel and all present in the room and

6 anyone attending remotely will now please state

7 their appearances and affiliations for the record

8 and if there are any objections to proceeding,

9 please state them at the time of your appearance,

10 beginning please, with the noticing attorney.

11           MR. UDICK:  This is Steve Udick for

12 Skiermont Derby on behalf of plaintiff Bell Northern

13 Research, LLC and with me is Sadaf Abdullah also

14 from Skiermont Derby.

15           MR. RITCHIE:  Thomas Ritchie from Jones

16 Day on behalf of defendants Kyocera Corporation and

17 Kyocera International, Incorporated.

18           MR. DAMARIO:  Tom DaMario from McDermitt,

19 Will & Emory on behalf of the ZTE defendant.

20           THE VIDEOGRAPHER:  If our court reporter

21 would please swear in the witness.

22

23

24

25

Page 7

Veritext Legal Solutions
800-336-4000

EXHIBIT P, APPX500

Case 3:18-cv-01786-CAB-BLM   Document 88-17   Filed 05/24/19   PageID.4406   Page 8 of 26

ZTE, Exhibit 1020-0587 



Dr. Paul Min - May 15, 2019
Job No. 3388837

1                    DR. PAUL MIN,

2 of lawful age, having been first duly sworn to

3 testify the truth, the whole truth, and

4 nothing but the truth in the case aforesaid,

5 deposes and says in reply to oral

6 interrogatories, propounded as follows, to-wit:

7                     EXAMINATION

8 BY MR. UDICK:

9      Q    Good morning, Dr. Min.

10      A    Good morning.

11      Q    Do you prefer Dr. Min or Professor Min?

12      A    Doesn't matter.

13      Q    We will go with Dr. Min.

14      A    Okay.

15      Q    I understand you have been deposed before;

16 is that right?

17      A    Yes.

18      Q    About how many times?

19      A    Um, maybe 20, 25 times.

20      Q    So I assume you understand the general

21 ground rules of depositions; is that fair?

22      A    Generally.

23      Q    So if I ask a question that you don't

24 understand, please let me know.  It is bound to

25 happen, I will try to rephrase.  If you answer my

Page 8
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1      Q    A person skilled in the art would

2 understand multimode cell phone 100 described by the

3 '156 patent, must include radio communication

4 equipment, is that one thing?

5           MR. RITCHIE:  Objection, vague.

6      A    One thing you said?

7      Q     (MR. UDICK) Let me rephrase.

8                From paragraph 100, what is your

9 understanding of what multimode cell phone 100 is?

10      A    Uh, that's what the patent talks about.

11      Q    So it must include radio communication

12 equipment, for example, antenna, amplifier,

13 transmitter, receiver, operation in conjunction with

14 a general purpose computer that is specially

15 programmed to perform wireless communications,

16 typically in compliance with telecommunication

17 industry standards.  For example, 3GPP and ETSI,

18 right?

19      A    That's what I said.

20      Q    And then you refer to a phone book data

21 calling history and user preference.

22                Do you see that?

23      A    Yes, as a part of a multimode cell phone.

24      Q    Is that a part of cell phone

25 functionality?

Page 45
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1           MR. RITCHIE:  Objection, vague.

2      A    So at the time 2000, let's say earlier

3 date of the two possible priority date, 2000.

4 People knew what the cell phone was.  Cell phone

5 functionality could be a lot of things and

6 multimode, multimode cell phone, I think the patent

7 itself described it too.

8                For example, in Column 1 of the '156

9 patent as a background and starting from line about

10 13, talks about multimode cell phone, such as the

11 3-in-1 cell phone.  And cell phone has advanced in

12 additional capability to operate as a cordless phone

13 and then it talks about all of that.  And then it

14 goes on to say in the next sentence, this provides a

15 cell phone that has advantageous over competitors

16 cell phones, which are not similarly capable,

17 including the ability and convenience of storing all

18 phone book data, calling history and user

19 preference.

20                So here we are talking about cell

21 phone functionality to include all of that.

22                So I'm just saying as a person of

23 ordinary skill in the art understands that cell

24 phone functionality could include all of those.  I

25 mean there are cheap phones that maybe didn't have

Page 46
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1 all of that, but many cell phones, whether it is a

2 multimode phone or not, had all of that capability.

3      Q     (MR. UDICK) So I want you to keep the

4 declaration out and make page 41 visible, I believe

5 that has Figure 1.

6      A    Okay.

7      Q    And also have the patent beside you.

8      A    Okay.

9      Q    Look at Column 3 at lines 56?

10      A    Okay.

11      Q    Then starts importantly?

12      A    Okay.

13      Q    Do you see that it says with cell phone

14 functionality 100A?

15      A    Okay.

16      Q    Now look at Figure 1.

17      A    Okay.

18      Q    What is 100A in Figure 1?

19      A    In Figure 1?

20      Q    Correct?

21      A    It is cell phone.

22      Q    What is 100 in Figure 1?

23      A    I'm sorry, 100.  Multimode cell phone.

24      Q    And what is 100A then in Figure 1?

25      A    It is a cell phone.  In Figure 1 it is a

Page 47
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1 the transmitter beamforming information; is that

2 right?

3      A    Yes.

4      Q    And your construction is factor the

5 estimated transmitter beamforming unitary matrix V

6 to produce a reduced set of angles.

7                Did I get that right?

8      A    Yes.

9      Q    And BNR's proposed construction is factor

10 the estimated transmitter beamforming unitary matrix

11 V to produce a reduced number of quantized

12 coefficients.

13                Did I read that correctly?

14      A    Yes.

15      Q    There's no dispute for the construction

16 from the word factor through the word produce; is

17 that right?

18      A    That's right.

19      Q    And the remaining of it is kind of the

20 dispute at issue, right?

21      A    Yes.

22      Q    So I'd like to direct you to the '862

23 patent.

24      A    Okay.

25      Q    If you go to column 15 and line 34.
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1 Beginning as the reader will appreciate.  Do you see

2 that?

3      A    Yes.

4      Q    Can you read that sentence into the

5 record?

6      A    As the reader will appreciate, the

7 coefficients of the Givens Rotation and the phase

8 matrix coefficients serve as the transmitter

9 beamforming information that is sent from the

10 receiving wireless communication device to the

11 transmitting wireless communicating device.

12      Q    Now under your construction, in what

13 format are the angles transmitted to the

14 transmitting wireless device?

15           MR. RITCHIE:  Objection, vague.

16      A    So what, what the patent specification

17 says is you do unitary matrix V and you then

18 decompose it using the Givens Rotation.  Actually,

19 you do it multiple times as necessary depending on

20 the size of the V and then after that, the actually

21 data sent back to the transmitter is, uh, quantized

22 information.

23                Now, having said that, that is not

24 really what the claim says.

25                The claim language does not say
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Now, having said that, that is not

24 really what the claim says.

25 The claim language does not say

Q Now under your construction, in what

13 format are the angles transmitted to the

14 transmitting wireless device?

15 MR. RITCHIE: Objection, vague.

16 A So what, what the patent specification

17 says is you do unitary matrix V and you then

18 decompose it using the Givens Rotation. Actually,

19 you do it multiple times as necessary depending on

20 the size of the V and then after that, the actually

21 data sent back to the transmitter is, uh, quantized

22 information
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1 anything about transmitting, what is being

2 transmitted.  It just says, you decompose estimated

3 transmitter beamforming unitary matrix V to produce

4 the transmitter beamforming information.

5                Afterward, you do quantization, so be

6 it, but that's not what the claim language says.

7      Q     (MR. UDICK) So you said earlier in your

8 answer that the -- after the Givens Rotation,

9 actually, data sent back to the transmitter is

10 quantized information.  Is that what you understand

11 as a person of skill in the art reading the claim

12 term?

13      A    No, not the claim term.  That's what --

14 the excerpt from the patent specification you asked

15 me to read, that's what that sentence is trying to

16 say.  The sentence starting from line 34 in Column

17 15, it talks about that is sent from receivable,

18 receiving wireless communication device to

19 transmitting wireless communication device.

20                So that here we are talking about

21 what is actually being sent, but that's not what the

22 claim is saying.  The claim term is only talking

23 about decomposing it.

24                The idea here is to really more with,

25 as an example shown at the top of column 15, the V
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1      A    What is being produced is the transmitter

2 beamforming information, that's the second from the

3 last limitation of claim one.

4                And that transmitter beamforming

5 information is produced by decomposing the estimated

6 transmitter beamforming unitary matrix V and that

7 decomposition is shown on the left hand, the Column

8 15 at the top.  The V is decomposing two matrices at

9 the second line in that equation shown at the top of

10 Column 15.

11                That shows two angles, phi and psi.

12      Q     (MR. UDICK) But also shows cosign phi and

13 psi, right?

14      A    That's what I'm saying, the two angles.

15 The cosign and sign, the position of those are

16 fixed.  That's just Givens Rotation.  So what is

17 shown here is the angle, the one, one the source is

18 fixed.  So the angle phi and angle psi.  If you know

19 those two, you know what V is.

20      Q    It sends back more than just angles,

21 right?  One isn't an angle, is it?

22      A    I'm sorry?

23      Q    Is one an angle.

24      A    No.

25           MR. RITCHIE:  Objection, vague.
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1      A    The form of this two matrices are fixed.

2      Q     (MR. UDICK) So the transmitter

3 beamforming information includes, in your opinion,

4 two angles and a one?

5      A    No, not one, two angles.  That's what it

6 says.

7      Q    How many bits would be required to

8 transmit an angle?

9      A    We can use --

10           MR. RITCHIE:  Objection, calls for

11 speculation.

12      A    You can use as many or as little as you

13 want.

14      Q     (MR. UDICK) What's the minimum that you

15 could use to transmit an angle?

16      A    I mean, if you want to transmit a true

17 valuable angle, then you need infinite bits, it is a

18 real number.

19      Q    That's more than the Cartesian coordinate

20 solution described in the patent, isn't it?

21      A    No, that's not true because the Cartesian

22 coefficient also are real numbers and to send that

23 true value of the real number you need the infinity

24 number of bits.

25      Q    So you understand the scope of the
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Q How many bits would be required to

8 transmit an angle?

9 A We can use --

10 MR. RITCHIE: Objection, calls for

11 speculation.

12 A You can use as many or as little as you

13 want.

14 Q (MR. UDICK) What's the minimum that you

15 could use to transmit an angle?

16 A I mean, if you want to transmit a true

17 valuable angle, then you need infinite bits, it is a

18 real number
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1 purpose -- the invention of the patent is to reduce

2 the amount of beam of information being sent back as

3 feedback, right?

4      A    That is --

5           MR. RITCHIE:  Objection, calls for a legal

6 conclusion.

7      A    That is a goal as I understand the patent.

8      Q     (MR. UDICK) And, in fact, the title of

9 the patent is, Efficient Feedback of Channel

10 Information in a Closed Loop Beamforming Wireless

11 Communication System, right?

12      A    That is the title.

13      Q    So it wouldn't make sense to invent

14 something that sends back infinity number of bits,

15 right?

16           MR. RITCHIE:  Objection, calls for

17 speculation.

18      A    Once again, to get the true value of

19 none -- just the Cartesian it requires infinity

20 number of bits, but in reality no information is

21 sent that way, you fix so many number of bits.

22                But if you think about Cartesian, as

23 an example you have a V matrix shown in figure,

24 Column 15 at the top, there are four entries in this

25 two by two matrix.  Each of those elements in two by

Page 95

Veritext Legal Solutions
800-336-4000

EXHIBIT P, APPX510

Case 3:18-cv-01786-CAB-BLM   Document 88-17   Filed 05/24/19   PageID.4416   Page 18 of 26

ZTE, Exhibit 1020-0597 



Dr. Paul Min - May 15, 2019
Job No. 3388837

1 two matrix, which is a four element, would have two

2 components.  Rear part and imaginary part.  So we

3 are talking about eight different components, eight

4 different coefficient numbers that you need to send.

5                In comparison, the second line after

6 the decomposition is done, you only have two.

7                So eight numbers being sent versus

8 two numbers being sent.  And you fix how many bits

9 that you use for each of those numbers, two is less

10 than eight.

11                So you will gain the efficiency by

12 just having the reduced set of coefficient or angle

13 in this case.  Number versus the angle, eight versus

14 two.  You get that efficiency.

15                Quantization isn't something extra

16 that you do to reduce even further, but the scope

17 itself of the patent, as you said, the goal of a

18 patent is to reduce the amount of data being sent to

19 make the feedback information more efficient.  That

20 gets achieved by just the representation you need

21 matrix V by decomposing it into a Givens Rotation

22 and making that into just two angles, as opposed to

23 eight coefficients in a partition colony.

24      Q     (MR. UDICK) In your answer you said that,

25 so eight numbers being sent versus two numbers being
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1 sent and you fix how many bits that you use for each

2 of those number, right?

3           MR. RITCHIE:  Objection, mischaracterizes

4 his earlier testimony.

5      A    It just means that you cannot send a real

6 number in using any kind of zero communication.

7      Q     (MR. UDICK) So you have to form it to a

8 certain number of bits; is that right?

9           MR. RITCHIE:  Objection, vague.

10      A    In any formable digital communication, you

11 would have to fix the -- what we call the precision

12 of the number.  Sometimes you use 8 bits, 16 bits,

13 32 bits, sometimes even 64 bits, that's just to

14 indicate a floating number of any kind.

15                So as an example, let's say you use a

16 16 bit for each floating number, so that's something

17 with a decimal partition.  Then if you have a 8

18 coefficient, each with a 16 bit, that gives you so

19 many number of bits.  As opposed to two angles,

20 which each of which is again a floating number, use

21 it for 16 bit.  You have the same procedure for all

22 cases for each number, but the number of bits in

23 total is only 1/4th for the case of a decomposed

24 unitary matrix using the two angles.  So you gain

25 the efficiency.
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A In any formable digital communication, you

11 would have to fix the -- what we call the precision

12 of the number. Sometimes you use 8 bits, 16 bits,

13 32 bits, sometimes even 64 bits, that's just to

14 indicate a floating number of any kind.
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1                And if you are not reducing further

2 and using quantization, you can do so and that's

3 what this embodiment described between line nine

4 through 33 of Column 15 says, but that is not what

5 is claimed in claim one.  Your claim one says you

6 decompose to get the angles, reduce set of angles

7 and send that instead of the coefficient that

8 originally appeared in the unit three matrix V after

9 you do singular unitary decomposition.

10      Q     (MR. UDICK) First you agree that

11 quantization involves transforming angles in the

12 specific number of bits; is that right?

13      A    Quantization limits the number of bits to

14 be used for angle, that is correct.

15      Q    So then you just said, it is interesting,

16 decompose to get the angle, to reduce the angles and

17 send that coefficient that originally appeared.

18                That was, that was one of your last

19 answers.  So the coefficients, when you said

20 coefficient, you meant coefficient in U.S. or V

21 transposed in this patent?

22      A    In this case the V matrix.  So unitary

23 matrix V has as an example for two by two, four

24 entries in the two by two matrix and each entry

25 having real and imaginary part.  So it gives you
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1 decomposition.  So we are talking about something

2 else.

3      Q    And that's right, and if you do that other

4 decomposition, the output is still in matrix form,

5 right?

6           MR. RITCHIE:  Objection, vague.

7      A    In product of two matrices.

8      Q     (MR. UDICK) And the values in a matrix

9 are called coefficients, right?

10      A    Yes, but it represents the values in the

11 matrices is a coefficient, but we're talking about

12 transmitter beamforming information, that is angle.

13 You are not talking about sending the value of whole

14 sign psi and sign psi or E to the J phi.  You are

15 not talking about sending that value.  You are

16 talking about sending an angle part of those values.

17      Q    Sorry.  After you do the decomposition,

18 you have to extract certain values to send; is that

19 right?

20      A    Those are the transmitter beamforming

21 information.

22      Q    So under your interpretation, quantization

23 would also occur because it is no different, it

24 is -- values outside of a matrix are not the

25 immediate result of a Givens Rotation, correct?

Page 100

Veritext Legal Solutions
800-336-4000

EXHIBIT P, APPX514

Case 3:18-cv-01786-CAB-BLM   Document 88-17   Filed 05/24/19   PageID.4420   Page 22 of 26

ZTE, Exhibit 1020-0601 



Dr. Paul Min - May 15, 2019
Job No. 3388837

1           MR. RITCHIE:  Objection, mischaracterizes

2 earlier testimony.

3      A    You say values outside --

4           MR. RITCHIE:  Vague, calls for

5 speculation.

6      Q     (MR. UDICK) The result of a Givens

7 Rotation is two matrices, right?

8      A    Yes, product of the two matrices.

9      Q    And you already said that the values of

10 the matrices are called coefficients, right,

11 commonly?

12      A    Yeah, sure.  That's some number.

13      Q    In the '450 patent, we refer to it as

14 coefficients?

15      A    Sure.

16      Q    When we've talked about the two, we refer

17 to it as coefficients.  When we talked about values

18 within a matrix thus far?

19      A    The increase in the matrices of

20 coefficient, yeah.

21      Q    So the reason you're not, you don't agree

22 that quantization occurs is because it's not part of

23 the Givens Rotation, right?

24           MR. RITCHIE:  Objection, mischaracterizes

25 earlier testimony.
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Q (MR. UDICK) The result of a Givens

7 Rotation is two matrices, right?

8 A Yes, product of the two matrices.

9 Q And you already said that the values of

10 the matrices are called coefficients, right,

11 commonly?

12 A Yeah, sure. That's some number.
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1           MR. UDICK:  Let's go off the record for

2 half a second, I believe I don't.

3                  (Off the record.)

4           THE VIDEOGRAPHER:  It is 2:24.  We are off

5 the record.

6                  (Off the record.)

7           THE VIDEOGRAPHER:  It is 2:24, we are back

8 on the record.

9           MR. UDICK:  I have no further questions

10 either.

11           MR. RITCHIE:  Dr. Min would like an

12 opportunity when the final transcript is available

13 to review that transcript, make any necessary

14 corrections to errors in transcriptions, et cetera,

15 and sign the transcript.

16           THE VIDEOGRAPHER:  It is 2:25 p.m.  This

17 concludes today's testimony given by Dr. Paul Min.

18 The total number of media units was three and will

19 be retained by Veritext Legal Solutions.

20           (Signature not waived.)

21

22

23

24

25
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1 State of Missouri

2                     SS.

3 County of St. Louis

4      I, Randy R. Dunn, a Licensed Certified Court

5 Reporter by the Supreme Court in and for the State

6 of Missouri, duly commissioned, qualified and

7 authorized to administer oaths and to certify to

8 depositions, do hereby certify that pursuant to

9 Notice in the civil cause now pending and

10 undetermined in the Federal District Court, State of

11 California, to be used in the trial of said cause in

12 said court, I was attended at the offices of Gore

13 Perry 515 Olive Street, Suite 300, in the City of

14 St. Louis, State of Missouri, by the aforesaid

15 attorneys; on the 15th day of May, 2019.

16      The said witness, being of sound mind and being

17 by me first carefully examined and duly cautioned

18 and sworn to testify the truth, the whole truth, and

19 nothing but the truth in the case aforesaid,

20 thereupon testified as is shown in the foregoing

21 transcript, said testimony being by me reported in

22 shorthand and caused to be transcribed into

23 typewriting, and that the foregoing page correctly

24 set forth the testimony of the aforementioned

25 witness, together with the questions propounded by
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1 counsel and remarks and objections of counsel

2 thereto, and is in all respects a full, true,

3 correct and complete transcript of the questions

4 propounded to and the answers given by said witness;

5 that signature of the deponent was not waived by

6 agreement of counsel.

7      I further certify that I am not of counsel or

8 attorney for either of the parties to said suit, not

9 related to nor interested in any of the parties or

10 their attorneys.

11

12

                   <%16514,Signature%>

13                    Randy R. Dunn

                   RPR, CRR, CCR No. 193

14                    Veritext Legal Solutions

                   300 Throckmorton Street

15                    Suite 1600

                   Fort Worth, Texas 76102

16                    (817) 336-3042

17

18

19

20

21

22

23

24

25
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Abstract- This paper presents a novel steganographic schemes 
based on Discrete Fourier Transformation (DFT) and 
demonstrates the multimedia colour image authentication process 
in frequency domain for wireless communication(DFTMCIAWC). 
Authentication is done through embedding secrete message/image 
into the transformed frequency components of the source image at 
message originating node. The DFT is applied on sub-image block 
called mask of size 2 x 2 in row major order where authenticating 
message/image bit is fabricated within the real frequency 
component of each source image byte except the first frequency 
component of each mask. In order to retain the quantum value 
positive and non fractional in spatial domain, a delicate re-
adjustment phase is used in the first frequency component of each 
mask as a post embedding handler. Robustness is achieved 
through embedding secrete message/image into both positive and 
negatives frequency component of source image and invisibility is 
satisfied in spatial domain using delicate re-adjust phase. Inverse 
DFT (IDFT) is performed after embedding to transform 
embedded image from frequency domain to spatial domain and 
the embedded image is transmitted across the network. At the 
destination node authentication is done through extraction 
process of embedded image. Experimental results demonstrate 
that the proposed algorithm performs better than discrete cosine 
transformation and quaternion Fourier transformation based 
schemes, and provide security and originality of data in wireless 
domain.

Keywords- Discrete Fourier Transform based Multimedia Colour 
Image Authentication for Wireless Communication 
(DFTMCIAWC) quaternion Fourier transformation (QFT), DFT, 
IDFT

I. INTRODUCTION

Message transmission via the internet suffers problems such as 
information security, copyright protection etc. Secured 
communication is possible with the help of encryption 
technique which is a disordered and confusing message that 
makes suspicious enough to eavesdroppers[19]. Without 
creating any special attention of attackers steganographic 
methods [1] overcome the problem by hiding the secrete 
information behind the source. Image authentication is needed 
to prevent unauthorized access in various e-commerce 
application areas which can be achieved by hiding data within 
the image. Data hiding [3, 7, 10] in the image has become an 
important technique for image authentication and 
identification. Therefore, military, medical and quality control 
images must be protected against attempts to manipulations 
during transmission across the wireless network. Digital image 
authentication [11] schemes mainly falls into two categories-
spatial-domain and frequency-domain techniques. Digital 

image authentication technique has become a challenging 
research area focused on through wireless communication to 
prevent the unauthorised or illegal access and sharing.  In 
wireless communication the probability the signal impairment 
is maximum than the wired communication due to noise 
integration within the source signal. And also prevent the 
signal attenuation is necessary in this communication technique 
to preserve original signal strength. As a result secrete data will 
be kept as it is.   
Enormous works has been done in spatial-domain for digital 
image authentication. The most common methods 
Chandramouli et al. [5] developed a useful method by masking, 
filtering and transformations of the least significant bit (LSB) 
on the source image. Dumitrescu et al. [6] construct an 
algorithm for detecting LSB steganography. H. H. Pang [9] 
used hash value obtained from a file name and password and a 
position of header of hidden file is located. Pavan et al. [8] and 
N. N. EL-Emam [2] used entropy based technique for detecting 
the suitable areas in the image where data can be embedded 
with minimum distortion. Ker [12] and C. Yang [13] presented 
general structural steganalysis framework for embedding in 
two LSBs and Multiple LSBs. H.C. Wu [14] and C-H Yang 
[15] constructed LSB replacement method into the edge areas 
using pixel value differencing (PVD). All of the above 
techniques discussed may be implemented easily in wireless 
network using existing standard protocol. 
Various works exist in frequency domain out of which most 
common are discrete cosine transformation (DCT), quaternion 
Fourier transformation (QFT), discrete Fourier transformation 
(DFT), discrete wavelet transformation (DWT), and the 
discrete Hadamard transformation (DHT). Here embedding is 
done in the frequency component of the image pixel in 
frequency domain. The human visual system is more sensitive 
to low frequency components than the high frequency 
component. To avoid severe distortion [19] of the original 
image the midrange frequencies are best suitable for 
embedding to obtain a balance between imperceptibility and 
robustness. I. Cox et al.’s [16, 17] algorithm inserts watermarks 
into the frequency components over all the pixels. N. Ahmidi et 
al. [18] used DCT based scheme where just noticeable 
difference profile to determine maximum amount of watermark 
signal that can be tolerated at each region in the image without 
degrading visual quality[4]. P. Bas et al. [20] developed a color 
image watermarking scheme using the hypercomplex numbers 
representation and the quaternion Fourier transformation. 
Vector watermarking schemes is developed by T. K. Tsui [21] 
using complex and quaternion Fourier transformation.   
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The proposed DFTMCIAWC emphasizes on information and 
image protection across the nodes of wireless network against 
unauthorized access in frequency domain to achieve a better 
tradeoff between robustness, perceptibility and in preserving 
the signal strength. This paper used discrete Fourier 
transformation to get frequency component of each pixel value 
and exploit embedding process invariant of positive or negative 
frequency component. The DFT of a spatial-domain value f(x, 
y) for the image size M x N is defined in equation 1 for 
frequency domain transformation. 
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                                        where u = 0 to M – 1 and v = 0 to N-1. 
The variables u and v are the transform or frequency variables 
and x, y are the spatial or image variables and f(x, y)s are 
intensity values of pixels in spatial-domain. Similarly inverse 
discrete Fourier transformation (IDFT) is used to convert 
frequency component to the spatial-domain value, and is 
defined in equation 2 for transformation from frequency to 
spatial-domain. 
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                                        where u = 0 to M – 1 and v = 0 to N-1.  
This paper present a technique for image authentication by 
inserting large amount of messages/image along with message 
digest MD into the source image for image identification and 
also for secure message transmission within the image across 
various nodes. The insertion position is chosen using the 
mathematical formula s % k, where s is the position of image 
pixel and k is the number of available positions within each 
real frequency component from LSB where insertion can be 
made. The value of k varies from 2 to 8.   
Problem motivation and formulation is given in section II. 
Section III of the paper deals with the proposed technique. 
Results, comparison and analysis are given in section IV. 
Conclusions are drawn in section V.  

II. MOTIVATION AND FORMULATION OF DFT AND IDFT IN  

DFTMCIAWC TECHNIQUE

The main motivation of the authentication problem is to achieve 
a better tradeoff between robustness and perceptibility. 
Robustness can be achieved by increasing the strength of the 
embedded authenticating message/image without visible 
distortion. Many human visual system based watermarking have 
been invented. Small portion of them are designed for colour 
images. These are not so robust for embedding large amount of 
information without image quality distortion. This paper aims to 
exploit proper quantum value handling in frequency domain and 
embeds large amount of information. In this technique each time 
we have taken an image block of size 2 x 2 and applying DFT. 
Considering a mask of size 2 x 2 and the values are {a, b, c, d} 
from the source image. The formulation of a mask in DFT is as 
follows:- After DFT the frequency components for four image 

bytes are F(a) = ½ (a + b + c + d) = W (say), F(b) = ½ (a – b + c 
– d) = X (say), F(c) = ½ (a + b – c – d) = Y (say), and F(d) = ½ 
(a – b – c + d) = Z (say) for four a, b, c, and d spatial domain 
image bytes. Here W, X, Y, and Z are all frequency component 
for a, b, c, and d spatial domain values respectively and all 
imaginary components are zeros because the imaginary 
component is the multiple of  (pi). Embedding is done on X, 
Y, Z but not on W because W is used as re-adjust phase to 
balance the quantum values between original and embedded 
data. The corresponding IDFT values are F-1(W) = ½ (W + X + 
Y + Z), F-1(X) = ½ (W – X + Y –Z), F-1(Y) = ½ (W + X –Y –Z), 
and F-1(Z) = ½ (W – X – Y + Z). After re-adjusting phase all 
IDFT values are non negative and without fractional values. 

III. THE TECHNIQUE

DFTMCIAWC used 24 bit colour image in which each pixel is 
the composition of red (R), green (G) and blue (B) of each 8-bit 
image. It embeds authenticating message/image AIp,q of size 
3*(p x q) bits along with 128 bits MD and dimension of 
authenticating message/image (32 bits) for the authentication of 
the source image SIm,n of size m x n bytes. 2 x 2 image block 
called mask is chosen from the source image matrix in row 
major order and transform it into frequency domain using 
equation 1. One bit of authenticating message/image is inserted 
into real part of each frequency component of source image 
block between 1st to 5th positions from LSB excluding the first 
frequency component of each image block to maintain the 
imperceptibility and robustness. The insertion position within 
each real frequency component of the authenticating bit is 
calculated using the formula k % s where k is the source image 
byte position in spatial-domain and s=2 …7 which is supplied 
by user to obtain the insertion potions of authenticating bits 
among s positions in each frequency component, and this s 
positions are taken from LSB of each component. After 
embedding the authenticating data in frequency domain then 
the IDFT is applied using equation 2 to transform it from 
frequency to spatial domain as final operation before 
transmission across the nodes of wireless network. The reverse 
operation is performed at the receiving node to extract bits of 
authenticating message/image and message digest MD for 
authentication at destination of the wireless nodes.  
In the frequency-domain all spatial-domain values are in form 
(a + ib), i.e. the complex frequency component. In 
DFTMCIAWC we cleverly chose the image block of size 2 x 2 
from the source image to avoid the non-zero imaginary 
frequency component in the transformed value. The DFT for 
the 2 x 2 mask is F(u, v) = ½ f(x, y)[cos2 ( ux/2  + vy/2) – i 
sin2 (ux/2 + vy/2)] = f(x , y)[cos (ux + vy) – i sin (ux + 
vy)] where value of spatial variables x, y are 0, 1 and the value 
of frequency variables u, v are 0,1. For any value of x, y, u, and 
u the value of the imaginary component is zero and value of the 
real component is either +1 or -1. So for transformation of all 
elements of 2 x 2 matrix will be in the form of a + i*0 i.e. 
either +a or -a. The proposed DFTMCIAWC technique embeds 
authenticating data into the frequency component of source 
image for any change of frequency component it can affect the 
spectrum value which may change the quantum value in spatial 
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domain. To maintain the balance in each mask first frequency 
component is used for re-adjustment phase and remaining three 
of each mask is used for embedding authenticating data.  
In the proposed algorithm after embedding, inverse discrete 
Fourier transformation (IDFT) is used to get the embedded 
image in spatial domain. After applying IDFT on identical 
mask with embedded data the quantum value may change 
which can generate the following situations: 
i) The converted value may be negative (-ve).  
ii) The converted value in spatial domain may be a number 

with non zero fractional value i.e. pure non integer 
number.   

iii) The converted value may be greater the maximum intensity 
value (i.e. 255). 
The concept of re-adjust phase is to handle the above three 
serious problems by using the first frequency component of 
each mask. In this phase if the converted value is -ve or with 
fractional value then add 1 with the first frequency component 
in the mask and then apply IDFT. This repeating process 
continue until all are not non negative and non fractional. For 
case C if the number is greater than the maximum value then 
subtract 2 from the first frequency component and then apply 
IDFT. This process is continuing until any value of the mask is 
greater than 255. The entire process of the DFTMCIAWC 
technique is given in Figure 1. 

A. Insertion Algorithm. 
All insertion is made in frequency domain i.e. each byte of 
source image in each mask of size 2 x 2 is transformed to 
frequency domain using DFT using equation 1. The 
DFTMCIAWC scheme uses colour image as the input to be 

authenticated by text message/image. The authenticating 
message/image bits size is 3*(m x n) – (MD+L) where MD and 
L are the message digest and dimension of the authenticating 
image respectively for the source image size m x n bytes. 

Input:  A source image and authenticating message/image at 
source node of the network..  

Output: An authenticated image. 
Method: Transforming the image pixel from spatial domain to 
frequency domain using DFT followed by embedding 
message/image bits into the real frequency component of each 
transformed values except the first frequency component of 
each mask followed by final IDFT to generate embedded 
image.   

Steps:
1. Obtain 128 bits message digest MD from the authenticating 

message/image.  
2. Obtain the size of the authenticating message/image (32 bits, 

16 bits for width and 16 bits for height) 
3. Read one alphabet/pixel of authenticating message /image at 

a time. 
4. For each authenticating message/image data do 
  • Read source image matrix of size 2 × 2 mask from image 

matrix in row major order   and apply DFT. 
  • Extract authenticating message/image bit one by one. 
  • Compute the position within the real frequency component 

where authenticating message/image bit is to be inserted 
(excluding 1st component). 

  • Replace the authenticating message/image bit in the 
computed position within each real part.   

5. Repeat step 3 and step 4 for the whole authenticating 
message/image size, content and message digest MD. 

6. Apply inverse DFT using identical mask.  
7. Apply re-adjust phase if needed. 
8. Transmit across the network. 
9. Stop. 

B. Extraction Algorithm 
The authenticated image is received in spatial domain at 
destination node. During decoding the embedded image is 
taken as the input and the authenticating message/image size, 
image content and message digest MD are extracted data from 
it. All extraction is done in frequency domain from frequency 
component. 

Input:      Embedded image. 
Output: The authenticated source image, authenticating 
message/image, message digest (MD). 
Method: Transforming the image pixel from spatial domain to 
frequency domain using DFT, extracting message/image bits 
from real frequency component of each transformed image, 
authenticated image at destination node is generated using 
IDFT.   

Steps: 

Yes

No 

Authenticating 
message/image

Source
image

DFTMCIAWC algorithm

MD

Embedded Image for

Extraction using DFTMCIAWC algorithm

Content of  
authenticating 
message/image 

Size of 
authenticating
message/image

MD

Generate MD´ Compare Authorized

Unauthorized 

Received embedded image

Source
image at 

destination

Figure 1: Schematic diagram of DFTMCIAWC Technique

Wireless 
Domain 

978-1-4577-0787-2/11/$26.00 ©2011 IEEEEXHIBIT V, APPX564

Case 3:18-cv-01786-CAB-BLM   Document 88-23   Filed 05/24/19   PageID.4470   Page 4 of 6

ZTE, Exhibit 1020-0651 



1. Read mask of image matrix of size 2 × 2 from embedded 
image matrix in row major order and apply DFT. 

2. For each mask do 
   • Compute the position within the real frequency part 

(excluding 1st frequency component of each mask) for 
each embedded image quantum value where 
authenticating message/ image bits are available.  

   • Extract the message/image bit. 
   • For each 8 (eight) bits extraction construct one alphabet/one 

primary (R/G/B) colour of image pixel.  
3. Repeat step 1 and step 2 to complete decoding as per size of 

the authenticating message/image. 
4. Obtain 128 bits message digest MD  from the extracted 

authenticating message/image. Compare MD  with 
extracted MD. If MD  = MD, image is authorized 
otherwise unauthorized.  

5. Apply inverse DFT using identical mask to generate image 
at destination node.  

6. Stop. 
IV. RESULT, COMPARISON AND ANALYSIS

Results, discussion and a comparative study of the proposed 
DFTMCIAWC with the DCT and QFT based watermarking in 
terms of visual interpretation, fidelity, and peak signal-to noise 
analysis is presented. In order to test the robustness of 
DFTMCIAWC, the technique is applied on more than 50 PPM 
images from where it may be inferred that the algorithm may 
overcome various types of attack like visual and statistical 
attack. The fidelity of source and embedded image almost 
identical (difference of IF between original and embedded 
image is of the order of ~.0001)  and distinction using human 
visual system is quite difficult. The original source images 
‘Giraffe’ and ‘Sachin’ are shown in fig. 2b and 2c. 73728 bytes 

of information are embedded into each image. The dimension 
of each source colour image is 512 x 512 and the dimension of 
authenticating colour image is 160 x 150, shown in fig. 2a. Fig. 
2e and 2f are embedded images using DFTMCIAWC. Fig. 2d, 
2h, are magnified versions of source ‘Giraffe’, ‘Sachin’ 
images. Fig. 2g and fig. 2i are the magnified version of 
embedded images using DFTMCIAWC. One bit of 
authenticating information is embedded at any position 
between 1st to 4th positions of the frequency component.    
 Peak Signal-to-Noise Ratio (PSNR [22]) is used to evaluate 
qualities of the stegoimages. Image distortion is invisible in all 
magnified versions. Table I shows the PSNR values for 
different source images and for different values of k. Here k is 
the available positions in frequency component where one bit 
of authenticating data to be embedded. In this process, the 
capacity of embedding is 73728 bytes with high average PSNR 
value 44.66 dB with low Mean Square error (MSE [22]) and it 
shows Image Fidelity (IF [22]) nearer to 1. Table II shows the 
PSNR values for Lenna image for different existing methods 
[21] like SCDFT, QFT and DCT where for all existing 
techniques the dimension of Lenna JPEG image is 512 x 480. 
From the result it is seen that all existing techniques the PSNRs 
are low which means bit-error rate are high but in the proposed 
scheme more bytes of authenticating data can be embedded and 
the PSNR values are significantly high, means bit-error rate is 
low. DCT based watermarking scheme do not embed 
watermarks in every single block of image instead selectively 
pick the regions which decrease the authenticating data size. 
QFT and SCDFT have the ability to embed the less amounts of 
data than DFTMCIAWC. One real system application of the 
proposed DFTMCIAWC is outlined in sub-section A, under 
this section.    

TABLE I. RESULTS OF CAPACITIES AND PSNR, IF, AND MSE IN DFTMCIAWC

  Source 
images 

Capacity
(byte)

PSNR 
in dB  

IF MSE 

Giraffe 73728 44.16 .999875 2.496190 
Sachin 73728 44.93 .999895 2.089345 
Peppers 73728 44.32 .999855 2.407364 
Baboon 73728 45.22 .999907 1.775569 
Average 73728 44.66 .999883 2.192117 

TABLE II. RESULTS OF CAPACITIES AND PSNR FOR LENA IMAGE IN THE 
EXISTING TECHNIQUE [21] 

Technique Capacity(bytes) PSNR in dB 
SCDFT 3840 30.1024 

QFT 3840 30.9283 
DCT 3840 30.4046 

A. Real system application of DFTMCIAWC. 
The proposed DFTMCIAWC may be applicable in legal 
document authentication online (like passport, agreement copy, 
title deed etc.). DFTMCIAWC generates message digest MD 
of length 128 bits from text part of the legal document and 
embeds it into stamp image as proof of document authenticity. 
Any change of document the generated message digest MD 
will differ from the original one which has been generated 

Source and 
authenticating

image  

Embedded image using 
DFTMCIAWC  

 Magnified version of 
source and embedded  

images. 

Fig. 2a. Gold coin 
(Auth.) 

Fig. 2b. Giraffe 
(source)

Fig. 2c. Sachin 
(Source)

Fig. 2d. Magnified 
source giraffe

Fig 2e. Embedded 
giraffe. 

Fig. 2f. Embedded 
Sachin

Fig 2g. Magnified 
Embedded giraffe  

Fig. 2h. Magnified 
Source Sachin 

Fig. 2i. Magnified 
Embedded Sachin  

Figure 2: Comparison of fidelity before and after embedding of ‘Giraffe’, 
‘Sachin’ images using DFTMCIAWC and for the magnified version. 
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during the process of authentication at the destination node of 
wireless network. As a result any attempt in tempering the 
document during transmission across the network can be 
identified. The signature at the end of the document is also 
fabricated as an authenticating image using same principle. The 
strength in embedding is high without changing visible 
property. Figure 3 shows the legal document authentication 
process where fig. 3a is the stamped signed document and fig. 
3b is the authorized image. Here stamp is considered as an 
image and document, and signature is authenticating data.  The 
technique may be useful in wireless communication.

V. CONCLUSION

DFTMCIAWC technique is an image authentication 
process in frequency domain to enhance the security compared 
to the existing algorithms for wireless communication. It 
provides the protection on secrete data in other domain. For the 
benefits of wireless communication protocol CSMA/CA the 
authenticated multimedia color image transmission is most 
suitable. Authentication using DFTMCIAWC technique 
relative strength of signals is not to be attenuated. In compare 
to DCT and QFT based watermarking technique proposed 
algorithm is applicable for any type of color images and 
strength is high. First frequency component in each mask is 
used for adjustment in embedding. The control technique is 
applied to optimized the noise integration as a result PSNR has 
been increased with low MSE and IF is nearer to 1. Hence the 
scheme may be more robust against brute force attack in 
present context of wireless systems. 
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Abstract - With the emergence of the multi-antenna

systems, the spatial information becomes particularly sig-

nificant to the modern communications systems. In this

paper we present a new technique to describe and to

characterize the channels and systems in space and in wave

vector domains. First, we review briefly the wave vector

concept, the wave vector spectrum and the 3-dimensional

(3D) Fourier transform. Then a set of new impulses and

new kernel functions is defined in order to establish a

tool to characterize the communications channels and

systems. The applications of each kernel function are

also discussed. This new technique is a promising and a

powerful tool to design and optimize the Multiple-Input

Multiple-Output (MIMO) communications systems. The

results in this paper are limited to the plane wave scenario.

I. INTRODUCTION

The concept of antenna array appeared in the late 1970s

as a promising solution to improve wireless channel capacity.

Antenna diversity is the simplest and earliest example of this

concept. Antenna array involves array architectures and space-

time coding schemes ([1], [2], [3], [4], [5]). The principle of

antenna array and space-time code is to exploit the spatial

information. Therefore, the space domain and spatial channel

models ([6], [7], [8], [9], [10]) play a significant role in

communications systems equiped with an antenna array. In

[9], the authors used the wave number, which is the inverse

of the wavelength, and the distance to characterize the spatial

channels. The use of the wave number and distance as a means

to describe the system spatial properties is not generalized

enough in three-dimension (3D) space. In [10], the authors

presented a set of spatial system functions, called channel

impulse responses, and correlation functions. These functions

are used to characterize the spatial aspects of systems and

channels. Wave vectors and position vectors are used instead

of wave number and distance. Nonetheless, the set of system

functions is not complete and the application of these functions

in building new communications systems is not mentioned.

In this paper, we present a generalized and systematic

approach of system and channel characterization in space and

wave vector. This involves a generalization of the concepts

introduced in [9] and [10]. In this paper, the discussion is

limited to the plane wave propagation, which approximates

the far field propagation scenarios. The new characterization

technique presented in this paper provides us with new tools

for the design of communications systems, e.g. layout of

antenna arrays in MIMO communications systems and design

of the frequency-dependent beamforming algorithms.

Section II reviews briefly the concepts of wave vector and

wave vector spectrum. Section III introduces the definitions

of the new impulse functions defined in space and in wave

vector. Section IV presents the spatial channel characterization,

including the definitions of the new spatial kernel functions

and its application. Section V concludes the paper.
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II. WAVE VECTOR AND WAVE VECTOR SPECTRUM

Wave vector is a vector representation of the radio waves.

The direction of a wave vector indicates the wave propagation

direction and the magnitude equals the wave number. There-

fore, a wave family with the same wavelength and the same

propagation direction is represented by one wave vector. The

magnitude of wave vector �k is:∣∣∣�k∣∣∣ =
2π

λ
=

ω

vp

(1)

where λ is the wavelength, ω is the angular frequency and vp

is the propagation velocity.

1) 3D Fourier transform: The 3D Fourier transform con-

verts a signal from the space domain to wave vector domain.

On the other hand, the 3D inverse Fourier transform converts

a signal from wave vector domain to space domain. The

continuous 3D Fourier and inverse Fourier transforms are

defined as:

G(�k) =

∫
g(�r)ej�r·�kd3r (2)

g(�r) =
1

(2π)3

∫
G(�k)e−j�k·�rd3k (3)

where d3k represents the dkxdkydkz differentials and d3r

represents drxdrydrz ; kx, ky , kz and rx, ry , rz are the

cartesian coordinates of wave vector �k and space vector

(position vector) �r, respectively.

2) 4-dimension Fourier transform: The wave vector-

frequency spectrum involves a combination of a 3D Fourier

transform with respect to the space variable and a Fourier

transform with respect to the time variable. We have the

following relationships:

S(f ;�k) =

∫ ∫
s(t;�r)e−j2πftej�k·�rdtd3r (4)

s(t;�r) =
1

(2π)3

∫ ∫
S(f ;�k)ej2πfte−j�k·�rdfd3k (5)

It is known that the frequency and the wave vector module

are related to each other through the propagation velocity.

Also the 3D position vector and the time variable are related

to each other through the propagation velocity. This implies

that the integrals in equations (4) and (5) are not performed

over the whole 4D hyperspace, i.e. 3D space and time in

(4) and 3D wave vector and frequency in (5), but rather on

a 4D hypersuface. This 4D hypersurface is defined by the

relationship between the 3D position vector and time variable

in (4) and by the relationship between the wave vector and

frequency variable in (5). Therefore, equations (4) and (5) can

be rewritten as:

S(f ;�k) =

∫
Hs−t

s(t;�r)e−j2πftej�k·�rdhs−t (6)

s(t;�r) =
1

(2π)3

∫
Hw−f

S(f ;�k)ej2πfte−j�k·�rdhw−f (7)

where Hs−t is the hypersurface representing the space-time

relationship, t = |�r|
vp

, and Hw−f is the hypersurface defined

by the wave vector-frequency relationship, |�k| = 2πf
vp

. Hyper-

surfaces Hw−f and Hs−t are dependent on the transmission

media characteristics, i.e. the propagation velocity vp. Decom-

position of (6) and (7) leads to the expressions in (8) and (9).

III. MULTIDIMENSIONAL DIRAC IMPULSES

In order to characterize the channel and system in any N-

dimensional space, we will need to use multidimensional Dirac

impulses[11, pp. 23-24]. Let �x be a N-dimensional vector of

the space RN , we generalize the N-dimensional Dirac impulse

as following:∫
· ·

∫
︸ ︷︷ ︸

N

f(�x)δ(�x − �x0)dx1dx2 · ·dxN = f( �x0) (10)

where f(�x) is a function defined in RN ; x1, x2, .., xN are

the components of vector �x.

In the following, �x might be a combination of �r, �k, f

and t. δ(�r), δ(�k), δ(�r, t), δ(�r, f), δ(�k, t) and δ(�k, f) are the

multidimensional Dirac impulses in space, wave vector, space-

time, space-frequency, wave vector-time and wave vector-

frequency, respectively. It is well known that the frequency

impulse is a constant (white) in the time domain and the time

impulse is a constant in the frequency domain[12]. Similarly,

by using the 3D Fourier transform, the wave vector impulse is

a constant in space and in time; the space impulse is a constant

in wave vector and in frequency. Therefore, the impulses in

wave vector-time domain and in space-frequency domain do

not exist.
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S(f ;�k) =

∫
s(t;�r)e−j2πftej�k·�r

√
1 +

(
drx

dt

)2

+

(
dry

dt

)2

+

(
drz

dt

)2

dt (8)

s(t;�r) =
1

(2π)3

∫
S(f ;�k)ej2πfte−j�k·�r

√
1 +

(
dkx

df

)2

+

(
dky

df

)2

+

(
dkz

df

)2

df (9)

1) Space and space-time impulses: The space impulse has

an impulse at the space origin, �0. The space-time impulse

function, δ(�r, t), has one more constraint in the time domain:

the impulse exists only at the time origin. Therefore, the space-

time impulse exists only at the space origin (�r = �0) and at the

time origin (t = 0). The wave vector-frequency spectrum of

the space-time impulse at position �r0 and time t0, i.e. δ(�r −

�r0, t − t0), is:

Δw,f (�k, f) = F�r,t {δ(�r − �r0, t − t0)} (11)

=

∫ ∫
δ(�r − �r0, t − t0)e

j�k·�re−j2πftd3rdt

= ej�k·�r0e−j2πft0

2) Wave vector and wave vector-frequency impulse: In

practice, we usually refer to an impulse at wave vector �k0

rather than at wave vector zero. The wave vector impulse at

�k0 is a frequency impulse at frequency f0 corresponding to

wave vector �k0 and propagating in the direction pointed by �k0.

Therefore, the wave vector impulse δ(�k − �k0) is also a wave

vector-frequency impulse at wave vector �k0 and frequency f0,

i.e. f = f0. The space-time representation of wave vector-

frequency impulse δ(�k − �k0, f − f0) is:

Δs,t(�r, t) = F−1

�k,f

{
δ(�k − �k0, f − f0)

}
(12)

=

∫ ∫
δ(�k − �k0, f − f0)e

−j�k·�rej2πftd3kdf

= e−j �k0·�rej2πf0t

IV. SPATIAL CHANNEL CHARACTERIZATION

A. Definitions of spatial kernel functions

Considering the 3D Fourier transform, one observes that

the signal representations in space and in wave vector are

equivalent. At the input of a communications channel, the

transmitted signal can be represented in either the space or

the wave vector domains. At the output, the received signal

can be represented in either the space or the wave vector

domains. Therefore a communications channel transforms the

signals in either space or wave vector into either space or

wave vector domains. In equations (13) to (16), four operators

are defined in the form of four channel kernel functions:

Kss(�ro, �ri), Kww( �ko, �ki), Ksw(�ro, �ki) and Kws( �ko, �ri). �ri

and �ro are the positions of the transmitter and the receiver,

respectively. �ki and �ko are the transmit and the receive wave

vectors, respectively.

so(�ro) =

∫
si(�ri)Kss(�ro, �ri)d

3ri (13)

So( �ko) =

∫
Si(�ki)Kww( �ko, �ki)d

3ki (14)

so(�ro) =

∫
Si(�ki)Ksw(�ro, �ki)d

3ki (15)

So( �ko) =

∫
si(�ri)Kws( �ko, �ri)d

3ri (16)

where so(�ro) and So( �ko) are the received signal in space and

the received signal wave vector spectrum, while si(�ri) and

Si(�ki) are the transmit signal in space and the transmit signal

wave vector spectrum.

B. Applications of the kernel functions

From the above definitions, we interpret the physical mean-

ing and applications of each kernel function:

• Kss(�ro, �ri): This kernel function transforms the signal

from position �ri to �ro. Kss(�ro, �ri) represents the complex

spatial channel gain when the transmitter is located at

position �ri and the receiver is located at position �ro. It can

also be interpreted as the space channel impulse response

to a space impulse at position �ri. In practical communi-

cation systems, the complete knowledge on Kss(�ro, �ri)

can help us to locate the optimal locations to install the

transmitter and the receiver and to layout the transmit and

receive antenna array. Furthermore, its autocorrelation
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function can be used to evaluate the sub-channel spatial

correlation degree in MIMO communications systems.

• Kww( �ko, �ki): This kernel function presents the relation-

ship between the transmitted and the received signal

wave vectors. Kww( �ko, �ki) is the complex wave vector

channel gain when the transmitter sends out signals in the

direction of �ki, at the corresponding frequency fi and the

receiver receives signals from the direction of �ko, at the

corresponding frequency fo. It is the wave vector channel

impulse response to a wave vector impulse emitted in

the direction �ki, at frequency fi. Kww( �ko, �ki) represents

the relationship between the AoD (Angle of Departure)

spectrum and the AoA (Angle of Arrival) spectrum. The

full knowledge on Kww( �ko, �ki) can help designers to

optimize the transmit and receive antenna beam forming

algorithms.

• Ksw(�ro, �ki): This kernel function is the complex space-

wave vector channel gain when the transmitter emits sig-

nal in the direction of �ki, at the corresponding frequency

fi, and the receiver located at position �ro. This kernel

function is the space channel impulse response to a sine at

frequency fi emitted from the transmitter in the direction

of �ki.

• Kws( �ko, �ri): This kernel function represents the relation-

ship between transmitted signals in space and the received

signals in wave vector. Kws( �ko, �ri) is the complex wave

vector-space channel gain when the transmitter is located

at position �ri and the receiver receives signals from the

direction of vector �ko, at the corresponding frequency

fo. This is the wave vector channel impulse response to

a space impulse at position �ri.

V. CONCLUSION

In this paper we present a new method to describe and

characterize the channel and system in space and in wave

vector. The calculation of the 4D Fourier transform is pre-

sented. A set of new impulse functions and a set of new kernel

functions are defined. The applications of each kernel function

are also discussed. The knowledge on the kernel functions

is useful to design and to optimize wireless communications

systems. This includes the selection of the transmitter and the

receiver positions, the layout of the transmit and the receive

antenna arrays and the design of the frequency-dependent

beam forming algorithms at the transmitter as well as the

receiver. One observes that this new methodology is a powerful

and promising tool in the development of efficient MIMO

communications systems.

It should be reminded that the results of this paper are

limited to plane wave scenarios. The development of the

system functions based on the above defined kernel functions

and in spherical wave propagation scenarios are currently

investigated.

REFERENCES

[1] G. J. Foschini, “Layered space-time architecture for wireless commu-

nication in a fading environment when using multi-element antennas,”

Bell Labs Technical Journal, 1996.

[2] S. M. Alamouti, “A simple transmit diversity technique for wireless

communications,” IEEE Journal on Select Areas in Communications,

vol. 16, 10 1998.

[3] D. Gestbert, H. Bolcskei, D. Gore, and A. Paulraj, “Mimo wireless

channels: Capacity and performance prediction,” GlobeCom, 2000.

[4] J. B. Andersen, “Array gain and capacity for known random channels

with multiple element arrays at both ends,” IEEE Journal on Selected

Areas in Communications, vol. 18, 11 2000.

[5] A. Paulraj, R. Nabar, and D. Gore, Introduction to Space-Time Wireless

Communications. Cambridge University Press, 2003.

[6] R. B. Ertel, P. Cardieri, K. W. Sowerby, T. S. Rappaport, and J. H. Reed,

“Overview of spatial channel models for antenna array communication

systems,” IEEE Personal Communications, 2 1998.

[7] T. K. Sarkar, S. Ji, K. Kim, A. Medouri, and M. Salaza-Palma, “A

survey of various propogation models for mobile communication,” IEEE

Antennas and Propagation Magazine, vol. 45, 6 2003.

[8] A. J. Paulraj, D. A. Gore, R. U. Nabar, and H. Bolcskei, “An overview

of mimo communications - a key to gigabit wireless,” Proceedings of

the IEEE, vol. 92, 2 2004.

[9] G. D. Durgin, Space-Time Wireless Channels. Prentice Hall, 2003.

[10] P. Guguen and G. E. Zein, Les techniques multi-antennes pour les
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