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L. ASSIGNMENT

1. I have been retained on behalf of Apple Inc. (“Apple”) to offer
technical opinions related to U.S. Patent No. 7,924,802 (“’802 Patent”) (EX1001).
I understand that Apple is requesting that the Patent Trial and Appeal Board
(“PTAB” or “Board”) institute an inter partes review (“IPR”) proceeding of the
’802 Patent.

2. I have been asked to provide my independent analysis of the 802
Patent based on the prior art publications cited in this declaration.

3. I am not and never have been, an employee of Apple. I received no
compensation for this declaration beyond my normal hourly compensation based
on my time actually spent analyzing the *802 patent, the prior art publications cited
below, and issues related thereto, and I will not receive any added compensation

based on the outcome of any IPR or other proceeding involving the *802 patent.

II. QUALIFICATIONS AND BACKGROUND INFORMATION

4. I am over the age of 18 and am competent to write this declaration. |
have personal knowledge, or have developed knowledge of these technologies
based upon education, training, or experience, of the matters set forth herein.

5. I presently hold the title of Distinguished Professor in the Department
of Electrical and Computer Engineering at the University of California, Davis.

Since my appointment on July 1, 2000, I have held the position of professor for the
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past 25 years at the present university and have served as a faculty member at
several US universities for over 35 years. I am also a private technical consultant
on various technologies related to information systems. I have more than three
decades of research experience on a wide range of topics related data
communications and signal processing.

6. I earned my Bachelor of Science degree in 1982 in wireless
engineering from the Nanjing Institute of Technology (later renamed as Southeast
University) in Nanjing, China. I earned my Master of Science degree in 1987 in
electrical engineering from the University of Toronto in Toronto, Canada. I earned
my Ph.D. in 1990 in electrical engineering from Cornell University in Ithaca, New
York.

7. My responsibilities as a Professor at University of California, Davis,
include classroom instruction on various topics of communication systems and
signal analysis, as well as mentoring undergraduate students and supervising
graduate students in their research and development efforts on various topics
related to digital communications. I have directly supervised such research and
development works ranging from signal detection to wireless networking. As the
chief academic advisor, I have also directly supervised the completion of over 20
Masters theses and 30 Ph.D. dissertations on various topics related to digital

communications. I have served full time as a faculty member at three major
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research universities in the United States over the past 30 years, including Auburn
University from 1990 to 1998, University of lowa from 1999 to 2000, and
University of California, Davis, from 2000 to present.

8. Since 1990, I have been selected as the principal investigator of
multiple highly competitive federal and local research grants, including more than
twenty major research projects supported by the National Science Foundation and
two research projects funded by the U.S. Army Research Office. These
competitive research projects focused on developing more efficient and effective
digital communication transceivers, networks, and signal processing tools. I have
also participated in several large-scale projects supported by the Defense
Advanced Research Projects Agency (DARPA) with teams of researchers. I have
applied for, and received support from, other federal, state, and industry sponsors.

0. I have published over 260 peer-reviewed research articles in premier
international journals, in addition to over 250 refereed technical articles at top
international conferences on communications and information technologies. I
also authored two books on communications technologies. My most recent book,
coauthored with B.P. Lathi, is entitled, “Modern Digital and Analog
Communication Systems,” 6th edition, and was published by the Oxford
University Press in 2025. The 4th edition of this book (published in 2009) had been

widely adopted as an introductory textbook to communication systems.
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10. In addition to the over 510 published technical papers that have been
cited over 21,000 times by peer scholars or engineers according to Google
Scholar!, T am also co-inventor of 7 issued U.S. patents on communication
technologies.

11. Tam a member of the Institute of Electrical and Electronics Engineers
(IEEE) and was elevated to the grade of Fellow in January 2003 for contributions
made in signal processing for communication. The IEEE is the world’s largest
professional society of engineers, with over 400,000 members in more than 160
countries. The IEEE has led the development of many standards for modern digital
communications and networking, most notably, the IEEE 802 series of network
standards. The IEEE Grade of Fellow is conferred by the Boards of Directors upon
a person with an extraordinary record of accomplishments in any of the IEEE
fields of interest. The total number selected in any one year does not exceed one-
tenth of one percent of the total voting Institute membership.

12. T have served the IEEE in the following capacities:

e Chief Information Officer of the IEEE Communications Society
from Jan. 2018 to present.

e Chief Marketing Officer of the IEEE Communications Society

! https://scholar.google.com, as of June 17, 2024.
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from Jan. 2020 to present.

e General Chair of the 2016 IEEE International Conference on
Acoustics, Speech, and Signal Processing, the flagship conference
of the IEEE Signal Processing Society.

e Chair of the Steering Committee for the IEEE Transactions on
Wireless Communications from 2008 to 2010.

e Distinguished Lecturer of the IEEE Communications Society from
January 2008 to December 2009.

e Technical Program Chair of the 2006 IEEE Globecom, one of two
flagship annual IEEE Communication Society conferences.

e Distinguished Lecturer of the IEEE Circuits and Systems Society
from 2004 to 2005.

e Associate Editor of the IEEE Transactions on Signal Processing
from 1994 to 1997 and from 2001 to 2004.

e Member of the IEEE Statistical Signal and Array Processing for
Communications Technical Committee from 1993 to 1998.

e Member of the IEEE Signal Processing for Communications
Technical Committee from 1998 to 2004.

13.  In 2012, I received the Wireless Communications Technical

Committee Recognition Award from the IEEE Communications Society, an award

10
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given to a person with a high degree of visibility and contribution in the field of
“Wireless and Mobile Communications Theory, Systems, and Networks.” I
received the 2020 Education Award from the IEEE Communications Society.
According to the Society, this award “recognizes distinguished and significant
contributions to education within the Society’s technical scope.”

14. T have also served as a technical consultant for the telecommunication
industry. For example, in 1995 I consulted for Analog Devices, Inc., on the
development of the first generation DOCSIS cable modem systems. I have also
consulted for other companies, including Nortel Networks and NEC US
Laboratories. I worked as a visiting faculty research fellow at NASA Glenn
Research Center in 1992 and at U.S. Air Force Wright Laboratory in 1993. I have
served on multiple review panels of the National Science Foundation to evaluate
competitive research proposals in the field of communication. I have also reviewed
a large number of research proposals at the request of the National Science and
Engineering Research Council (NSERC) of Canada as an expert panelist from
2010 to 2013, and also at the request of the Research Grant Council (RGC) of
Hong Kong as an external reviewer.

15. Thave served as an expert witness or consulting expert on a number of
matters related to intellectual property, mostly in the arena of telecommunications,

including cellular communications, Wi-Fi technologies, Bluetooth, and optical

11
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communications. For example, since 2007, I have been engaged to work on various
litigations involving cellular, WiFi, Bluetooth, cable modems, RFID, and optical
communication networks.

16. Based on my above-described near three decades of experience in
communications technologies, and the acceptance of my publications and
professional recognition by societies in my field, I believe that I am qualified to be
an expert in wireless communication systems, communication networks, and signal
processing.

17. My curriculum vitae, attached as Exhibit A, includes a list of
publications on which I am a named author. It contains further details regarding
my experience, education, publications, and other qualifications provide to an
expert opinion in connection with this proceeding.

III. SUMMARY OF CONCLUSIONS FORMED

18. My opinions, as explained below, are based on my education,
experience, and expertise in the fields relating to the *802 Patent. Unless otherwise
stated, my testimony below refers to the knowledge of one of ordinary skill in the
art as of the earliest possible priority date. Any figures that appear within this
document have been prepared with the assistance of Counsel and reflect my
understanding of the 802 Patent and the prior art discussed below.

19.  This declaration explains the conclusions that I have formed based on

12
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my analysis of all of the considered materials and my personal experience. To
summarize those conclusions, based upon my knowledge and experience and my
review of the prior art references listed above, I believe that:
e Ground 1: claims 1-4, 6-10, 13, 17, 21, 23 of the *802 patent are
rendered obvious by Rofougaran.
e Ground 2: claims 9, 23 of the *802 patent are made obvious by
Rofougaran in view of Shearer.

IV. LEVEL OF ORDINARY SKILL IN THE ART

20. Ihave been informed that a person of ordinary skill in the art
(“POSITA”) is a hypothetical person who is presumed to have the skill and
experience of an ordinary worker in the field at the time of the alleged invention.
The ’802 patent was filed Jan. 23, 2008 (“Critical Date), and does not claim
priority to any earlier applications. Because I do not know at what date the
invention as claimed was made, if ever, I have used the Critical Date of the 802
patent as the point in time for claim interpretation purposes.

21. In my opinion, a POSITA would have had a bachelor’s degree in
electrical engineering, computer engineering, computer science, or a related field,
and two to three years of experience in the design or development of wireless
telecommunication systems, or the equivalent. Additional graduate education

could substitute for professional experience, or significant experience in the field

13
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could substitute for formal education.

22. Based on my experiences, I have a good understanding of the
capabilities of a POSITA. Indeed, I have taught, participated in professional
organizations, and worked closely with many such persons over the course of my
career. Based on my knowledge, skill, and experience, I have an understanding of
the capabilities of a POSITA. For example, from my industry experience, [ am
familiar with what a POSITA would have known and found predictable in the art.
From teaching and supervising my post-graduate students, I also have an
understanding of the knowledge that a person with this academic experience
possesses. Furthermore, I possess those capabilities myself.

V. LEGAL STANDARDS
A.  Terminology

23. I have been informed by Counsel and understand that the best
indicator of claim meaning is its usage in the context of the patent specification as
understood by one of ordinary skill. I further understand that the words of the
claims should be given their plain meaning unless that meaning is inconsistent with
the patent specification or the patent’s history of examination before the Patent
Office. Counsel has also informed me, and I understand that, the words of the
claims should be interpreted as they would have been interpreted by one of

ordinary skill at the time of the invention was made (not today). Because I do not

14
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know at what date the invention as claimed was made, if ever, I have used the
Critical Date of the *802 patent as the point in time for claim interpretation
purposes. My opinion does not change if the invention date is earlier.

B.  Legal Standards

24. 1 have been informed by Counsel and understand that documents and
materials that qualify as prior art can render a patent claim unpatentable as being
anticipated or obvious.

25. I am informed by Counsel and understand that all prior art references
are to be looked at from the viewpoint of a person of ordinary skill in the art at the
time of the invention, and that this viewpoint prevents one from using his or her
own insight or hindsight in deciding whether a claim is anticipated or rendered
obvious.

C. Anticipation

26. I understand that patents or printed publications that qualify as prior
art can be used to invalidate a patent claim as anticipated or as obvious.

27.  Tunderstand that, once the claims of a patent have been properly
construed, the second step in determining anticipation of a patent claim requires a
comparison of the properly construed claim language to the prior art on a
limitation-by-limitation basis.

28. Tunderstand that a prior art reference “anticipates” an asserted claim,

15
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and thus renders the claim invalid, if all limitations of the claim are disclosed in
that prior art reference, either explicitly or inherently (i.e., necessarily present).

D. Obviousness

29. I understand that even if a patent is not anticipated, it is still invalid if
the differences between the claimed subject matter and the prior art are such that
the subject matter as a whole would have been obvious at the time the invention
was made to a POSITA.

30. Ihave been informed by Counsel and understand that a claim is
unpatentable for obviousness and that obviousness may be based upon a
combination of references. I am informed by Counsel and understand that the
combination of familiar elements according to known methods is likely to be
obvious when it does no more than yield predictable results. However, [ am
informed by Counsel and understand that a patent claim composed of several
elements is not proved obvious merely by demonstrating that each of its elements
was, independently, known in the prior art.

31. Tam informed by Counsel and understand that when a patented
invention is a combination of known elements, a court determines whether there
was an apparent reason to combine the known elements in the fashion claimed by
the patent at issue by considering the teachings of prior art references, the effects

of demands known to people working in the field or present in the marketplace,

16
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and the background knowledge possessed by a person having ordinary skill in the
art.

32. Iam informed by Counsel and understand that a patent claim
composed of several limitations is not proved obvious merely by demonstrating
that each of its limitations was independently known in the prior art. I am
informed by Counsel and understand that identifying a reason those elements
would be combined can be important because inventions in many instances rely
upon building blocks long since uncovered, and claimed discoveries almost of
necessity will be combinations of what, in some sense, is already known. I am
informed by Counsel and understand that it is improper to use hindsight in an
obviousness analysis, and that a patent’s claims should not be used as a “roadmap.”

33. I am informed by Counsel and understand that an obviousness inquiry
requires consideration of the following factors: (1) the scope and content of the
prior art, (2) the differences between the prior art and the claims, (3) the level of
ordinary skill in the art, and (4) any so called “secondary considerations” of non-
obviousness, which include: (i) “long felt need” for the claimed invention, (i)
commercial success attributable to the claimed invention, (iii) unexpected results
of the claimed invention, and (iv) “copying” of the claimed invention by others.

34. I have been informed by Counsel and understand that an obviousness

evaluation can be based on a single reference or a combination of multiple prior art

17
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references. I understand that the prior art references themselves may provide a
suggestion, motivation, or reason to combine, but that the nexus linking two or
more prior art references is sometimes simple common sense. I have been
informed by Counsel and understand that obviousness analysis recognizes that
market demand, rather than scientific literature, often drives innovation, and that a
motivation to combine references may be supplied by the direction of the
marketplace.

35. T have been informed by Counsel and understand that if a technique
has been used to improve one device, and a person of ordinary skill at the time of
invention would have recognized that it would improve similar devices in the same
way, using the technique is obvious unless its actual application is beyond his or
her skill.

36. Ihave been informed by Counsel and understand that practical and
common sense considerations should guide a proper obviousness analysis, because
familiar items may have obvious uses beyond their primary purposes. | have been
informed by Counsel and understand that a person of ordinary skill looking to
overcome a problem will often be able to fit together the teachings of multiple
prior art references. I have been informed by Counsel and understand that
obviousness analysis therefore takes into account the inferences and creative steps

that a person of ordinary skill would have employed at the time of invention.

18
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37. Thave been informed by Counsel and understand that a proper
obviousness analysis focuses on what was known or obvious to a person of
ordinary skill at the time of invention, not just the patentee. Accordingly, I
understand that any need or problem known in the field of endeavor at the time of
invention and addressed by the patent can provide a reason for combining the
elements in the manner claimed.

38. Ihave been informed by Counsel and understand that a claim can be
obvious in light of a single reference, without the need to combine references, if
the elements of the claim that are not found explicitly or inherently in the reference
can be supplied by the common sense of one of skill in the art.

39.  In sum, my understanding is that prior art teachings are properly
combined where one of ordinary skill having the understanding and knowledge
reflected in the prior art and motivated by the general problem facing the inventor,
would have been led to make the combination of elements recited in the claims.
Under this analysis, the prior art references themselves, or any need or problem
known in the field of endeavor at the time of the invention, can provide a reason
for combining the elements of multiple prior art references in the claimed manner.

40. I have been informed by Counsel and understand that in an inter
partes review, “the petitioner shall have the burden of proving a proposition of

unpatentability,” including a proposition of obviousness, “by a preponderance of
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the evidence.” 35 U.S.C. §316(e).

VI. MATERIALS CONSIDERED

41. My analysis and conclusions set forth in this declaration are based on
my educational background and experiences in the field (see Section II). Based on
my knowledge and experience, I believe that [ am considered to be an expert in the
field.

42. As part of my independent analysis for this declaration, I have
considered the following: the background knowledge/technologies that were
commonly known to persons of ordinary skill in this art during the time before the
Critical Date; my own knowledge and experiences gained from my work
experience in the field of the 802 patent and related disciplines; and my
experience in working with others involved in this field and related disciplines.

43. In addition, I have analyzed the publications and materials listed
below:

° EX1001 U.S. Patent No. 7,924,802 to Tarighat-Mehrabani (“the

’802 Patent™)

o EX1002 Excerpts from the Prosecution History of the *802 patent

o EX1004 U.S. Pub. No. 2007/0127590 to Ahmadreza Rofougaran

et al. (“Rofougaran™)

o EX1005 U.S. Patent No. 7,742,388 to Shearer et al. (“Shearer”)

20
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o EX1007 Excerpts from Andrea Goldsmith, Wireless
Communications (2005)

o EX1008 Excerpts from David Tse and Pramod Viswanath,
Fundamentals of Wireless Communication (2005)

o EX1009 Excerpts from Microsoft Computer Dictionary (5th ed.
2002)

o EX1010 Excerpts from Telecom Dictionary (2007)

o EX1011 Excerpts from 4 Dictionary of Computing (5th ed. 2004)

o EX1012 Excerpts from The Authoritative Dictionary of IEEE
Standards Terms (7th ed. 2000)

° EX1013 Wern-Ho Sheen et al., “On the Diversity, Bandwidth, and
Performance of Digital Transmission over Frequency-Selective Slow
Fading Channels,” 49 IEEE Transactions on Vehicular Technology,
835-843 (2000)

o EX1014 Ghassan Kawas Kaleh, “Frequency-Diversity Spread-
Spectrum Communication System to Counter Bandlimited Gaussian
Interference,” 44 IEEE Transactions on Communications, 886-893
(1996)

44. My analysis and conclusions set forth in this declaration are based on

the perspective of a POSITA.
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VII. THE ’802 PATENT
A. Overview of the 802 Patent

45.  The *802 patent 1s directed to a wireless communication system and
method that transmits signals simultaneously over a communication channel at
different RF center frequencies. Ex. 1001, code (54), code (57). The Background
of the ’802 patent explains that “[cJommunication systems generally contain one or
more transmission channel to transmit data from the transmitter to the receiver.”
Id. at 1:12—14. The Background describes a transmitter in such a system that “is
limited to up-converting a signal to one center frequency (or modulation
frequency), which is the LO [(local oscillator)] frequency.” Id. at 1:29-32.
“Typically,” the Background explains, “the amount of information transmitted
around the center frequency is limited by the bandwidth of the transmitter around
the center frequency,” which “limits the amount of data that can be transmitted.”
Id. at 1:32-35. Thus, “[t]ypical prior art approaches to improving the information
capacity in a wireless communication system involve maximizing the bandwidth
around the center frequency to increase the amount of information that may be
modulated onto the carrier frequency.” /d. at 1:35— 40. However, there are many
wireless communication systems for which the bandwidth around a single center
frequency is limited and is insufficient to significantly improve the information

capacity.
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46. To overcome this issue, the’802 patent proposes “a method of
transmitting information in a wireless communication channel” that includes
“transmitting first information across a first frequency range having a first center
frequency, a first highest frequency, and a first lowest frequency, and
simultaneously transmitting second information across a second frequency range
using the same wireless transmitter,” where the second frequency range has “a
second center frequency greater than the first center frequency, a second highest
frequency, and a second lowest frequency.” Ex. 1001, 1:60-2:5.

47.  Figure 2 of the 802 patent, reproduced below, “illustrates a wireless
communication system according to one embodiment of the present invention.”

Ex. 1001, 5:53-54.

200
250
Wireless Digital Baseband 201 203 205
Processor 5 5
IN1
» Data > DAC FILTER X
209 N/
5 207
251 b 5 208
210 5
Synthesizer b
252 f,
» Data > DAC FILTER pd
IN2 2 ?
202 204 206

Fig. 2
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’802 Patent (EX1001), FIG 2

48.  As shown in Figure 2, baseband digital system 250 provides a first
digital signal comprising first digital data 251 which is provided as IN1 and a
second digital signal comprising second digital data 252 provided as IN2. /d. at
5:62—66. The first digital data 251 and second digital data 252 may be unrelated
parallel data streams or data from the same data stream. Id. at 6:7-9. Each of the
first and second digital signals is transmitted via a digital to analog converter
(DAC 201 and 202), a filter (203 and 204), and an up-converter (205 and 206). /d.
at 6:10-26. The up-converters 205 and 206 each receive a first modulation signal
having an RF center frequency (fl and f2, respectively) from synthesizer 207 and
generate first and second upconverted signals that are combined at the input to
amplifier 208. Id. at 6:22-44, 6:57-60, 7:4-7. Amplifier 208 outputs an amplified
up-converted signal comprising the first and second up-converted analog signals,
and transmits the first and the second upconverted signals over antenna 209. /d. at
7:7-11.

49.  Figure 3 of the 802 patent, reproduced below, illustrates an example
of the frequency content of the signal transmitted from the system disclosed in

Figure 2.
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’802 Patent (EX1001), FIG. 3

50.  Figure 3 shows first up-converted analog signal 301 generated by
upconverter 205, which has center frequency fl and frequency range 305, and
second up-converted analog signal 302 generated by up-converter 206, which has
center frequency f2 and frequency range 306. Ex. 1001, 6:26—44. The frequency
difference between f1 and f2 is greater than the sum of one-half of the first
frequency range and one-half of the second frequency range, such that the up-
converted signals do not overlap and cause distortion. /d. at 6:48-53. The first and
second up-converted analog signals 301 and 302 may be transmitted by the
antenna over bandwidth BWPA 309. /d. at 7:9-14.

B.  Prosecution History of the 802 Patent

51. The examiner issued no rejections during prosecution, stating in the
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notice of allowance that the cited prior art does not disclose simultaneous
transmission using a single antenna, up-converting or down-converting. EX1002,
19-20. Notably, the Challenged Claims do not recite “down-converting.” Yet,
even if they did, Rofougaran teaches or at least renders obvious simultaneous
transmission using a single antenna, up-converting or down-converting.

VIII. OVERVIEW AND COMBINATIONS OF PRIOR ART REFERENCES
A. Rofougaran (EX1004)

52.  Rofougaran discloses “a system and method providing signal
combining to support multi-mode communication.” EX1004, 2:36-3:6. In the
exemplary system shown in FIG. 1, the communication system 100 receives two
baseband signals as input, which may correspond to different communication
protocols (e.g., a variety of wireless communication protocols and/or standards).

EX1004, 3:7-23.
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Rofougaran (EX1004), FIG. 1

53.  The system 100 includes a spectral placement module 110 that
spectrally shifts the first baseband signal to one or more frequency bands that are
substantially distinct from the frequency bands occupied by the second baseband
signal. EX1004, 3:35-44. “Occupying such substantially distinct frequency bands,
the spectrally shifted first baseband signal may, for example, be combined with the
second baseband signal for simultaneous transmission with no interference,
relatively little interference, or an acceptable level of interference.” EX1004, 3:44-
49. Signal combiner 130 generates a composite signal simultaneously comprising
components associated with various inputs such as inputs generated from the first

and second baseband signals. EX1004, 4:33-58. Upconverter 140 upconverts the
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composite signal for transmission. EX1004, 5:24-28. And finally, RF
transmission stage 150 transmits an RF signal that includes the upconverted,
composite signal output by the upconverter 140. EX1004, 5:39-46.

54. Rofougaran further discloses various additional features and scenarios
applicable to the system 100. For example, “the spectral placement module 110
may be adapted to implement a frequency-hopping scheme with the first baseband
signal.” EX1004, 3:50-52. Continuing that example, the first baseband signal may
be hopped to “numerous consecutive frequency spaces (or bands) that are
substantially distinct from the second frequency space.” EX1004, 3:52-58.

55.  Rofougaran’s system may also include a second spectral placement
module that may shift the spectrum of the second baseband signal, which allows
either or both of the first and second baseband signals to be spectrally shifted
and/or frequency hopped. EX1004, 4:16-32. Additionally or alternatively, the first
and second baseband signals may be combined without spectral shifting, for
example if the spectra of the first and second baseband signals do not overlap.
EX1004, 4:48-62.

56. Rofougaran illustrates additional exemplary communication systems
in FIGS. 2-7. Each of the embodiments shown in Rofougaran’s FIGS. 1, 2, and 4-
7 show communication systems that achieve the same result: “providing signal

combining to support multimode communication.” EX1004, 14:34-36. Indeed,
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Rofougaran describes the method 800 “for combining signals in support of
multimode communications” in the context of all “the exemplary systems 100-700
illustrated in FIGS. 1-7.” See EX1004, 11:21-27; see also id. 12:6-10, 13:7-11,
13:24-26, 14:1-3. The primary differences between each of these embodiments
are: (1) the level of detail provided—e.g., where FIG. 2 illustrates more detail
regarding the signals and constituent parts of FIG. 1; (2) the “portions of the
exemplary communication systems and/or methods” that are “implemented in the
analog and/or digital domains” (see Ex. 1004, 8:54-58) based on the location of a
digital-to-analog converter, as illustrated in FIG. 4-6; and (3) the location of a
signal combiner either before (FIGS. 1, 2, and 4-6) or after (FIG. 7) upconverting.
That there is a shared purpose and largely the same process for achieving it
between each of the embodiments is why Rofougaran is able to state that each of
these communication systems “may, for example and without limitation, share any
or all characteristics with the” other communication systems. See EX1004, 6:5-11,
8:59-65, 9:14-20, 9:48-54, 10:16-22.

57.  For example, the system 200 shown in FIG. 2 may share any or all

characteristics of the system 100 of FIG. 1. EX1004, 6:5-11.
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Rofougaran (EX1004), FIG. 2

58.  FIG. 2 illustrates the various spectra associated with the signals
transmitted by the system 200. As shown, the system 200 receives two input
baseband signals 201, 202 having spectra 203, 204, respectively. EX1004, 6:12-
31. Those signals illustratively represent Bluetooth and IEEE 802.11
communications, respectively. EX1004, 2:57-3:6. As shown, the first baseband
signal 201 is spectrally shifted, generating a spectrum 211 including an upper
spectral image 212 and a lower spectral image 213 (which may be rejected by an
image reject mixer or filter at a later stage). EX1004, 6:46-57. The spectrally
shifted first baseband signal is combined with the second baseband signal,

resulting in a composite signal with spectrum 231 including first portion 233
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associated corresponding to the first signal component and second portion 232
corresponding to the second signal component. EX1004, 6:66-7:18. The
composite signal is upconverted, resulting in an RF signal having frequency
spectrum 241 with first portion 243 corresponding to the first signal component
and second portion 242 corresponding to the second signal component. EX1004,
7:25-42.

59. Rofougaran also discloses that “[v]arious components of the
exemplary communication system 100 (and other communication systems
illustrated and discussed herein) may be implemented in analog and/or digital
circuitry.” EX1004, 5:64-67. For example, FIG. 5 illustrates a system 500 that
includes a first digital-to-analog converter (DAC) 592 and a second DAC 594.
EX1004, 9:14-29. The first ADC converts the first baseband signal to the analog
domain, and the second ADC converts the second baseband signal to the analog
domain. As disclosed by Rofougaran, the system 500 may share any or all
characteristics with the systems 100-300 illustrated in FIGS. 1-3. EX1004, 9:14-
20.

60. In FIG. 7, Rofougaran discloses a system 700 that upconverts the first
and second baseband signals with two different mixers prior to generating the
composite signal for transmission. As noted previously, the system 700 may share

any or all characteristics with the systems 100-600 illustrated in FIGS. 1-6.
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EX1004, 10:16-22.

61. Specifically, the system 700 includes a first mixer 744 that receives a
signal based on the first baseband signal and a first RF mixing signal, which is
illustratively a 2.446 GHz signal generally associated with Bluetooth. EX1004,
10:23-28. The second mixer 748 receives a signal based on the second baseband
signal and a second RF mixing signal, which is illustratively a 2.486 MHz signal
generally associated with IEEE 802.11(g). EX1004, 10:28- 34. The output from
each of the mixers 744, 748 is received by an RF signal combiner 730 which
generates an RF composite signal. EX1004, 10:35-40. An RF transmission stage
750 receives the RF composite signal and transmits the signal. EX1004, 10:40-43.

62.  Although illustrated in FIG. 7 as including a spectral placement
module 710 and an optional second spectral placement module 720, Rofougaran
also discloses that in some scenarios the first and second baseband signals may be
combined without being spectrally shifted. EX1004, 4:48-62; see also id., 13 :28-
40 (discussing method of FIG. 8, which may share any or all functional
characteristics with systems 100-700 of FIGS. 1-7).

B. Shearer (EX1005)

63. Shearer is analogous to and in the same field of endeavor as the *802
Patent and Rofougaran, as Shearer discloses methods, systems, and apparatuses for

a digital communication system and particularly techniques to increase data rate
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for a wireless local area network transmission. See EX1005, Abstract. More
specifically, analogously to the *802 Patent and Rofougaran, Shearer increases data
rate by shifting the frequency spectra of multiple input signals and summing the
shifted signals for transmission. See EX1005, 3:42-47.

64. Though not limited to 802.11 signals, Shearer describes that, “[i]n an
IEEE 802.11a/g design, each transmission channel has a bandwidth of 20 MHz.”
EX1005, 5:43-44. “[I]n an IEEE 802.11a or IEEE 802.11g OFDM signal, a packet
400 within each 20 MHZ channel has fifty-two (52) subcarriers.” EX1005, 5:44-
46. Shearer proposes “a first method of increasing the transmission data rate
involves a variation in the waveform structure, or the subcarrier structure.”
EX1005, 5:46-49. At least one part of this method is illustrated with waveform
700 of FIG. 7, which “provides a 40 MHz packets subcarrier structure matching

the subcarrier structure of two 20 MHz, 802.11a/g OFDM packets.” EX1005,

6:29-352.

> Throughout this declaration, underlined text is emphasis that has been

added, unless otherwise noted.
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Excerpt of Shearer’s FIG. 7 (annotations added in color)

65. Asis shown, “52 subcarriers are subdivided with 26 on one side 704,
26 on the other side 705, and a gap 702 in the middle.” EX1005, 6:53-56. “This
gap 702 is created in the center of signal 700 to help eliminate the dc offset and
frequency errors.” EX1005, 6:56-58. In simpler terms, this describes a process
that “shifts the signals with respect to a center frequency, and accumulates the
shifted signals into one signal.” EX1005, 3:42-46. At least this portion of
Shearer’s method is substantially the same process as disclosed in Rofougaran.
Compare id. to EX1004, Abstract (describing how two baseband signals may be
“spectrally shifted” and then “combined to form a composite signal). Beyond
shifting and summing two parallel 802.11 signals, Shearer also describes adding
additional subcarriers to the signals in order to further increase the data transmitted
in a packet. EX1005, 6:1-3 (“The modification of the legacy packet 400 includes

adding two sets 502, 504 of two subcarriers to each packet 400 for a total of four
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added subcarriers 502, 504”), 7:13-16 (“By adding extra subcarriers, the data
portion of the packet can be increased by as much as 10% or more”).

66.  As noted above, Shearer describes that each of the spectrally shifted
and added signals represents an “OFDM packet.” EX1005, 6:29-35. Shearer’s
“FIG. 19 is a graph of each packet and its frequency vs. time relationship.”

EX1005, 10:32-33.
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Shearer’s FIG. 19 (annotations added in color)
67. “Each signal’s start time 1902 and end time 1904 is preferably

substantially equivalent to eliminate problems with multiple signal acquisition and
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termination.” EX1005, 10:33-35. A POSITA would have understood or at least
found obvious that the period between start time 1902 and end time 1904 is a “time
slot” for transmitting the synchronized and combined OFDM packets, and that
there would be a series of combined packets in successive time slots. See EX1005,
10:46-11:3 (describing time synchronization for “acquir[ing] a new incoming
packet”).

68.  Thus, Shearer provides systems and methods of spectrally shifting and
combining multiple OFDM packets, and how to time synchronize for acquiring
each “new incoming packet,” which would naturally be within a series of such
packets. See EX1005, 6:29-60, 9:16-30, 10:46-11:3.

C. Combination of Rofougaran and Shearer

69. AsInoted above, Rofougaran describes that examples of the signals
that are combined by its system are include “IEEE 802.11” and “any WiF1
protocol.” EX1004, 2:63-3:6; see also id., 6:21-31. However, Rofougaran leaves
the specific handling of any particular type of signal within its combining system
to a POSITA. Id. Thus, a POSITA would have naturally turned to references
describing more detail about the type of signal they sought to utilize as input to
Rofougaran’s system. Shearer not only provides that additional implementation
detail, but does so in the context of a system that performs much the same function

as Rofougaran’s system. Compare EX1005, 3:42-46 (describing a process that
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“shifts the signals with respect to a center frequency, and accumulates the shifted
signals into one signal”) fo EX1004, 5:4-11 (describing that “signal combiner 130
may combine the first and second signals to generate a composite signal, where the
composite signal simultaneously comprises a first signal component based on the
spectrally shifted first baseband signal and a second signal component based on the
second baseband signal (e.g., not spectrally shifted)”). Shearer explains, for
example, how a system would “insert[] a cyclic prefix” when shifting and
combining the IEEE 802.11 OFDM symbols “to ensure that the transmitted symbol
retains its orthogonal properties in the presence of multi-path delay spread.” See
EX1005, 5:5-28. These are details not specifically provided in Rofougaran and
would have motivated a POSITA to turn to Shearer in implementing a system like
Rofougaran’s.

70. A POSITA would have been further motivated to turn to Shearer,
because Shearer also discloses additional ways to increase capacity by increasing
the number of subcarriers above and beyond spectral shifting and combination.

See EX1004, 6:29-7:16 (describing adding additional subcarrier located in the gap
between the shifted signals or on the outside of those signals). Shearer explains
that “the data portion of the packet can be increased by as much as 10% or more”
utilizing this further technique. Thus, while a POSITA would have turned to

Shearer for the reasons noted above, a POSITA would have been additionally
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motivated to utilize Shearer’s in order to transmit more data in each packet, which
improves throughput in the communication system.

IX. MANNER IN WHICH THE PRIOR ART REFERENCES RENDER
THE °802 CLAIMS UNPATENTABLE

A.  GROUND 1 - Rofougaran — Claims 1-4, 6-8, 10, 13, 17, and
21

[1.pre] A method of transmitting information in a wire-less
communication channel comprising:

71.  To the extent the preamble is limiting, the Rofougaran renders it
obvious.

72.  Rofougaran discloses “a system and method providing signal
combining to support multi-mode communication.” EX1004, 2:36-3:6. “[T]he
communication system may comprise characteristics of any of a variety of mobile

wireless communication devices (e.g., cellular phones, paging devices, portable

email devices, etc.).” EX1004, 2:41-45.

73.  As will be described in further detail below, Rofougaran’s
communication system receives two baseband signals that may otherwise at least
partially overlap, spectrally shifts at least one of the baseband signals to
substantially distinct frequency spaces to mitigate interference, combines the
signals, upconverts and amplifies the composite signal, and transmits the
composite signal through an RF transmission stage that includes an antenna. See

generally EX1004, 6:5-7:57.
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74.  Under any reasonable interpretation, a POSITA would have
understood or at least found obvious that Rofougaran’s RF transmission of an
upconverted composite signal from an antenna is a transmission over a “wireless
communication channel.” See, e.g., EX10009, 3, 4, 6; EX1010, 3; EX1011, 3-4;
EX1012, 3. And each of these described ““signals”—like all signals—carry
information. See, e.g., EX1009, 5; EX1010, 4-5; EX1011, 6; EX1012, 4-5.

75.  Accordingly, Rofougaran teaches or at least renders obvious a method
of transmitting information in a wireless communication channel, as recited in
[1.pre].

[1.a] transmitting first information across a first frequency
range using a wireless transmitter, the first frequency range

having a first center frequency, a first highest frequency,
and a first lowest frequency; and

76.  Rofougaran renders obvious Element [1.a].
77.  “The exemplary communication system 200 may comprise at least a

first input 201 adapted to receive a first baseband signal.” EX1004, 6:12-14.

“FIG. 2 shows an exemplary frequency spectrum 203 associated with the first

baseband signal,” and “an exemplary frequency spectrum 204 associated with the

second baseband signal.” EX1004, 6:12-31. An excerpt of FIG. 2 including the

first and second frequency spectrums is provided below.
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78.  Each of these baseband signals is shown as a “frequency spectrum”

(203 and 204) which provide the same type of illustration as the frequency graphs

520 and 530 shown in FIG. 5 of the *802 Patent. Compare EX1004, FIG. 2, 6:12-

31 to EX1001, FIG. 5, 8:52-63. A POSITA would have understood or at least

found obvious that any frequency range (i.e., spectrum) would have a center

frequency at the center of the range. See EX1004, Fig. 2 (illustrating central lines

for each of frequency spectrums 203 and 204). Similarly, a POSITA would have
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understood or at least found obvious that each signal’s frequency spectrum would
have lowest and highest frequencies at the left and right outer boundaries of the
range, respectively, where the signal drops to zero.

79. Rofougaran teaches that “the spectral placement module 210 may be
adapted to spectrally shift the first baseband signal by a frequency f;.” EX1004,
6:46-48. “FIG. 2 shows an exemplary frequency spectrum 211 associated with the
spectrally shifted first baseband signal.” EX1004, 6:48-50. An excerpt of FIG. 2

including frequency spectrum 211 is shown below.
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Excerpt of Rofougaran’s FIG. 2
80. Next, a “signal combiner 230 receives a first signal from the spectral
placement module 210 that is based on the spectrally shifted first baseband signal”
and ““a second signal that is based on the second baseband signal.” EX1004, 6:66-
7:4. The “signal combiner 230 combines the first and second signals to generate a

composite signal, where the composite signal simultaneously comprises a first
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signal component based on the spectrally shifted first baseband signal and a second
signal component based on the second baseband signal.” EX1004, 7:5-9. “FIG. 2
shows an exemplary frequency spectrum 231 associated with the composite signal
formed by the signal combiner 230.” EX1004, 7:10-12. An annotated excerpt of

FIG. 2 illustrating frequency spectrum 231 is provided below. EX1004, 7.

a second portion 232 corresponding to the second
signal component, which is based on the second
baseband signal (e.g., not spectrally shifted)

232
231

233

£ f, /’

a first portion 233 corresponding to the
first signal component, which is based on
the spectrally shifted first baseband signal

Excerpt of Rofougaran’s FIG. 2 (annotations added in color)

81.  System 200 further includes an “upconverter 240 adapted to
upconvert a signal (e.g., the composite signal from the signal combiner 230) for
transmission.” EX1004, 7:20-22. “The output of the upconverter 240 may, for
example, comprise a signal indicative of the composite signal spectrally shifted to

an RF frequency.” EX1004, 7:31-34. “FIG. 2 shows an exemplary frequency
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spectrum 241 associated with the RF signal [output] by the upconverter 240.”
EX1004, 7:35-36. Below is an annotated excerpt of FIG. 2 including an example
frequency spectrum 241 of the upconverted “composite signal[, which]
simultaneously comprises a first signal component based on the spectrally shifted
first baseband signal and a second signal component based on the second baseband

signal.” See EX1004, 7:4-9, 7:31-36.
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Excerpt of Rofougaran’s FIG. 2 (annotations added in color)
82.  As can be seen in the above annotated version of FIG. 2, the
frequency spectrum 241 of the upconverted composite signal has two parts: “a first

portion 243 corresponding to the first signal component and a second portion 242
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corresponding to the second signal component.” EX1004, 7:36-39. As can be
further seen, “first portion 243 occupies a frequency space (e.g., one or more
frequency bands) that is distinct from the frequency space occupied by the second
portion 242.” EX1004, 7:40-42. In other words, the first portion 243 and second
portion 242 each occupy frequency ranges (i.e., “a frequency space”) within the
overall frequency spectrum (i.e., range) 241. See EX1004, 7:40-42, FIG. 2.

83. A POSITA would have understood or at least found obvious that, as a
result of the upconverting, the center frequency of the second portion 242 is frr (as
illustrated above) and the center frequency of the first portion 243 is frr + fs, since
the first signal component corresponding to first portion 243 had been spectrally
shifted to f; before the upconverting of the composite signal to frr. See EX1004,
7:25-29, FIG. 2. A POSITA would have further understood or at least found
obvious from the above excerpt of FIG. 2 that each of first portion 243 and second
portion 242 have left and right outer boundaries where the signal strength drops to
zero, and these boundaries correspond to highest and lowest frequencies of each
respective portion, as they did when they were individual baseband signals.

84. Rofougaran teaches that RF transmission stage 250 is configured to
transmit RF signals, including the composite signal output from the signal
combiner 230 and upconverted by the upconverter 240. EX1004, 7:46-57. “The

RF transmission stage 250 may, for example and without limitation, comprise a
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power amplifier 252, antenna 254 and other components generally associated with
RF signal transmission.” EX1004, 7:54-57. A POSITA would have known that a
transmitter that transmits RF signals using an antenna is a wireless transmitter. See
EX1004, 2:48-53 (“the communication system may comprise characteristics of a

variety of electronic devices with wireless communication capability™).

85.  Accordingly, a POSITA would have understood and found obvious

that the Rofougaran’s system would transmit/] first information [e.g.,
Rofougaran’s second portion 242 of frequency spectrum 241 corresponding to the
second signal component] across a first frequency range [e.g., the range of
frequencies, or “frequency space,” between the lowest frequency and highest
frequency of Rofougaran’s second portion 242 ] using a wireless transmitter [e.g.,
RF transmission stage 250], the first frequency range having a first center
frequency [e.g., the center frequency frr of Rofougaran’s second portion 242], a
first highest frequency [e.g., the highest frequency of Rofougaran’s second portion
242, annotated above], and a first lowest frequency [e.g., the lowest frequency of
Rofougaran’s second portion 242, annotated above], as recited in [1.a].

[1.b] simultaneously transmitting second information across

a second frequency range using the same wireless

transmitter, the second frequency range having a second

center frequency greater than the first center frequency, a
second highest frequency, and a second lowest frequency.

86. Rofougaran renders obvious Element [1.b].
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87.  As I noted with respect to limitation [1.a], in Rofougaran’s
transmitter, “the signal combiner 230 combines the first and second signals to

generate a composite signal, where the composite signal simultaneously comprises

a first signal component based on the spectrally shifted first baseband signal and a
second signal component based on the second baseband signal (e.g., not spectrally
shifted).” EX1004, 7:4-9. This composite signal is upconverted by upconverter
240, and “[t]he output of the upconverter 240 may, for example, comprise a signal
indicative of the composite signal spectrally shifted to an RF frequency.” EX1004,

7:31-34. Like the composite signal, the upconverted composite signal is a signal

that simultaneously comprises an upconverted first signal component and an
upconverted second signal component. Therefore, when the upconverted signal is
transmitted by RF transmission stage 250, both the first signal component and the
second signal component would be transmitted simultaneously.

88.  As I explained with respect to limitation [1.a], an excerpt of

Rofougaran’s FIG. 2 including an example composite signal is shown below.
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Excerpt of Rofougaran’s FIG. 2 (annotations added in color)

89.  As can be seen in the above annotated FIG. 2, Rofougaran’s
upconverted composite signal has two parts: “a first portion 243 corresponding to
the first signal component and a second portion 242 corresponding to the second
signal component.” EX1004, 7:36-39. The center frequency of the second portion
242 is frr as a result of the upconverting (as shown) and the center frequency of the
first portion 243 would be frr + fs, since the second portion had been previously
spectrally shifted to fs before upconverting by frr. See EX1004, 7:25-29. Each of

first portion 243 and second portion 242 also have highest and lowest frequencies,
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as they did when they were individual baseband signals.

90. Further, as can be seen in the above excerpt of FIG. 2, the
upconverted signal may at least initially include a first mirror portion 244 and
second mirror portion 245, though these may then be removed. EX1004, 7:42-46.
The graph in FIG. 2 shows the first mirror portion to be -frr, meaning that the
portion of the x-axis left of the center line labeled 241 represents negative values
and the portion right of the center line represents positive values. See EX1004,
FIG. 2; see also id., 6:44-53 (describing “upper” and “lower” spectral images in
the similar context of the spectral shift to f;). With this understanding of
Rofougaran’s graphs, the center frequency of the first portion 243 (frr + i) 1s
greater than the center frequency of the second portion 242 (frr), because it was
previously spectrally shifted to fs and is further from the center line labeled 241 .
See EX1004, FIG. 2.

91.  Accordingly, a POSITA would have understood and found obvious
that the Rofougaran’s system would simultaneously transmit([] second
information [e.g., Rofougaran’s first portion 243 of frequency spectrum 241
corresponding to the first signal component] across a second frequency range
[e.g., the range of frequencies, or “frequency space,” between the lowest frequency
and highest frequency of Rofougaran’s first portion 243] using the same wireless

transmitter [e.g., RF transmission stage 250], the second frequency range having
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a second center frequency [e.g., the center frequency frr + fs of Rofougaran’s first
portion 243] greater than the first center frequency [e.g., frr + fs > frr], a second
highest frequency [e.g., the highest frequency of Rofougaran’s first portion 243,
annotated above], and a second lowest frequency|e.g., the lowest frequency of
Rofougaran’s first portion 243, annotated above], as recited in [1.b].
[2] The method of claim 1 wherein frequency difference
between the first center frequency and the second center

fre-quency is greater than the sum of one-half the first
frequency range and one-half the second frequency range.

92. Rofougaran renders obvious Claim [2].

93.  In the context of the system of FIG. 1—the teachings of which are
applicable to FIG. 2 (see EX1004, 6:5-11, 6:42-45, 7:19-24)—Rofougaran teaches
that the spectral placement module “may be adapted to spectrally shift the first

baseband signal by, at least in part, spectrally shifting the first baseband signal to

one or more frequency bands that are substantially distinct from one or more
frequency bands associated with the second baseband signal.” EX1004, 3:38-44.

This is illustrated in the following annotated excerpt of FIG. 2.
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Excerpt of Rofougaran’s FIG. 2 (annotations added in color)

94.  As illustrated in the annotations, a POSITA would have understood
that, in Rofougaran’s system, the shifted spectrum 242 and spectrum 243 are
distinctly non-overlapping; therefore, the frequency difference between first
center frequency [e.g., the center frequency of Rofougaran’s second signal, which
is at frr]| and the second center frequency [e.g., the center frequency of
Rofougaran’s first signal, which is at frr + fr¥] is greater than the sum of one-half

the first frequency range [e.g., the distance between the center frequency and the
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lowest or highest frequency of Rofougaran’s second signal]| and one-half the

second frequency range [e.g., the distance between the center frequency and the

lowest or highest frequency of Rofougaran’s first signal], as recited in Claim [2].
[3] The method of claim 1 wherein the first and second

information are transmitted using the same power amplifier
in said wireless transmitter.

95. Rofougaran renders obvious Claim [3].

96. Rofougaran teaches that first and second components of the first and
second baseband signals (i.e., information) are included in the upconverted
composite signal that is transmitted by the RF transmission stage 520. See
EX1004, Fig. 2, 7:36-57. Specifically, Rofougaran teaches with the graph in the
lower right of FIG. 2 that the upconverted composite signal includes ““a first
portion 243 corresponding to the first signal component and a second portion 242
corresponding to the second signal component.” EX1004, 7:36-39. Rofougaran
further describes that “the composite signal output from the signal combiner 230
and upconverted by the upconverter 240 is transmitted by RF transmission stage
250, and this is shown in FIG. 2 (reproduced below) where the output of the
upconverter 240 1s connected directly to the input of the RF transmission stage
250. EX1004, 7:46-54, FIG. 2. Indeed, the very point of Rofougaran’s system is
“simultaneous transmission” of “the spectrally shifted first baseband signal

combined with second baseband signal” with “no interference, relatively little
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interference, or an acceptable level of interference.” EX1004, 3:44-49; see also id.
1:50-53 (identifying the problem of various communication modes “operat[ing] in
common frequency bands” and “interfer[ing] with each other” when transmitting
simultaneously); 4:36-38 (“the composite signal may simultaneously (i.e., at an
instant in time) comprise components associated with various input signals™).

97. Rofougaran teaches that the upconverted composite signal which
includes the first and second components of the first and second baseband signals
(i.e., information) is amplified by “a power amplifier 252" as part of RF
transmission stage 250. See EX1004, 7:35-57. Specifically, “[t]he RF
transmission stage 250 may, for example and without limitation, comprise a power

amplifier 252, antenna 254 and other components generally associated with RF

signal transmission.” EX1004, 7:54-57. And Rofougaran illustrates in FIG. 2 the

passage of the output of the upconverter 240 (which may be, for example, an RF
signal including a first portion 243 corresponding to the first signal component and
a second portion 242 corresponding to the second signal component) directly to the

input of the power amplifier 252.
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Figure 2

Upconverted composite signal that simultaneously includes first
and second signal components (i.e., informtion) and is sent from
upconverter 240 to RF transmission stage 250

Rofougaran’s FIG. 2 (annotations added in color)

98.  Accordingly, a POSITA would have understood or at least found
obvious that, in Rofougaran’s system, the first and second information [e.g.,
Rofougaran’s second component of the second baseband signal and first
component of the first baseband signal, respectively] are transmitted using the
same power amplifier [e.g., power amplifer 252] in said wireless transmitter [e.g.,
RF transmission stage 250], as recited in Claim [3].

[4] The method of claim 3 wherein the bandwidth of said

power amplifier is greater than the difference between the
first lowest frequency and the second highest frequency.
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99. Rofougaran renders obvious Claim [4].

100. Rofougaran describes that “RF transmission stage 250 [is] adapted to
transmit [i.e., output] an RF signal,” which “may, for example, be associated with
the composite signal output from the signal combiner 230 and upconverted by the
upconverter 240.” EX1004, 7:46-54. “[E]xemplary frequency spectrum 241
associated with the RF signal formed by the upconverter 240.” EX1004, 7:35-36.
Thus, frequency spectrum 241 is associated with the RF signal that RF

transmission stage 250 is adapted to transmit.
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Excerpts of Rofougaran’s FIG. 2 (annotations added in color)

101. The frequency spectrum on the positive frequency axis of a signal
illustrates the signal’s bandwidth, because any non-zero value in the frequency
spectrum is a frequency included in the signal. From the color-annotated FIG. 2
above, a POSITA would have understood or at least found obvious that by
definition of bandpass signal bandwidth, the combined signal spectrum 241 has the
bandwidth equal to the lowest frequency of the first signal spectrum 242 and the

highest frequency of the second signal spectrum 243. To be enabled for its
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intended purpose, a POSITA would have understood or at least found obvious that
the RF transmission stage 250 and its constituent parts (e.g., power amplifier 252)
must have a bandwidth at least as large the bandwidth of the signal it is adapted to
transmit or else the signal will be clipped and only a portion of the signal intended
to be sent could pass through. Accordingly, because frequency spectrum 241 is
associated with the RF signal that RF transmission stage 250 is adapted to transmit,
the bandwidth of RF transmission stage 250 and its constituent power amplifier
252 must at least encompass signal bandwidth, i.e., the non-zero frequencies
contained in frequency spectrum 241 on the positive frequency axis.

102. However, a POSITA would have understood and found obvious that
the bandwidth of RF transmission stage 250 and its constituent power amplifier
252 would practically be greater than the bandwidth of one specific set of
exemplary signals. Specifically, the example frequency spectrum 241 represents
two frequency shifted components 242, 243 of the example first and second
baseband signals, respectively. EX1004, 7:35-42. Yet, these are just two example
baseband signals, and Rofougaran describes that the first and second baseband
signals may be any of a variety of different types of signals. See EX1004, 6:12-31
(describing that the baseband signals may correspond “any of a variety of wireless
communication protocols and/or standards”). Further, a POSITA would have

known that even within a given protocol, there are many possible transmitted
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signals and these may have significantly different frequency spectra. See, e.g.,
EX1004, 7:39-42 (noting that the signal component 243 of the frequency spectrum
241 may occupy “on or more frequency bands”). And Rofougaran describes that
even the frequencies to which the baseband signals are shifted by the spectral
placement modules may vary during operation, which a POSITA would have
understood or at least found obvious would have resulted in varying frequency
ranges for different transmitted signals accordingly to their respective content. See
EX1004, 3:50-58, 4:62-67. Accordingly, a POSITA would have understood or at
least found obvious that, in Rofougaran’s system, the bandwidth of said power
amplifier is greater than the difference between the first lowest frequency and
the second highest frequency, as recited in Claim [4].

[6] The method of claim 1 wherein the first information

corresponds to a first wireless protocol and the second
information corresponds to a second wireless protocol.

103. Rofougaran renders obvious Claim [6].

104. Specifically, Rofougaran teaches that “[t]he first baseband signal may,
for example, correspond to a first communication protocol (e.g., any of a variety of
wireless communication protocols and/or standards).” EX1004, 6:14-16.
Similarly, “[t]he second baseband signal may, for example, correspond to a second
communication protocol (e.g., a second communication protocol different from the

first communication protocol discussed above).” EX1004, 6:23-26. Accordingly,
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a POSITA would have understood that, in Rofougaran’s system, the first
information corresponds to a first wireless protocol and the second information
corresponds to a second wireless protocol, as recited in Claim [6].

[7] The method of claim 1 wherein the first information and

the second information are the same data transmitted
across two different frequencies.

105. Rofougaran renders obvious Claim [7].

106. Specifically, in describing FIG. 2, Rofougaran refers back to
exemplary communication system 100 in explaining that “the first baseband signal
and the second baseband signal may, for example, be generated by one or 35 more
modules (i.e., hardware and/or software modules) of the communication system
200.” EX1004, 6:32-36. And as noted previously, Rofougaran teaches that “[t]he
communication system 200 may, for example and without limitation, share any or
all characteristics with the communication system 100 illustrated in FIG. 1 and
discussed previously.” EX1004, 6:7-11.

107. With respect to FIG. 1, Rofougaran explains that the modules that
generate the first baseband signal and the second baseband signal “may generate

the first and second baseband signals in a dependent manner (e.g., coordinating

independent respective communications or utilizing both the first and second

baseband signals for a single communication).” EX1004, 3:29-34. As of the

Critical Date, a POSITA would have known that a common practice in wireless
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communications was to transmit the same signal redundantly—for example, at
different frequencies—in order to improve reliability of signal transmission and
reception through frequency diversity. See, e.g., EX1013, 1; EX1014, 2. It was
well known to a POSITA that frequency diversity provides improved reception
performance in communication systems. For example, “diversity reception such as
space, frequency, or time diversity has been used to lower the required SNR for a
prespecified error rate.” EX1013, 1. “Frequency diversity is implemented by
using multiple carriers to carry the same information with frequency separation
larger than the channel coherence bandwidth in order to obtain good performance.”
Id. In frequency diversity, “replicas” of the same data symbol may be “transmitted
via N and “use N subchannels with disjoint frequency support.” EX1014, 2. Thus,
when Rofougaran describes that the first and second baseband signals in a
dependent manner utilizing both the first and second baseband signals for a single
communication, a POSITA would have understood or at least found obvious that at
least one use for this functionality of communication system 200 would have been
to facilitate the common practice of redundant transmission of the same signal
(e.g., on two different frequencies).

108. Accordingly, a POSITA would have at least found obvious that, in
Rofougaran’s system, the first information and the second information are the

same data transmitted across two different frequencies, as recited in Claim [7].
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[8] The method of claim 1 wherein the first information and
the second information are from the same data stream.

109. Rofougaran renders obvious Claim [8].

110. As described above with respect to Claim [7], Rofougaran explains
that the modules that generate the first baseband signal and the second baseband
signal “may generate the first and second baseband signals in a dependent manner

(e.g., coordinating independent respective communications or utilizing both the

first and second baseband signals for a single communication).” EX1004, 3:29-34.

A POSITA would have understood or at least found obvious that “a single
communication” would include generating first and second baseband signals from
the same data stream.

[10.pre] A method of transmitting information in a wireless
communication channel comprising:

111. Element [10.pre] is substantially the same as Element [1.pre].
Rofougaran renders obvious Element [10.pre] for at least the same reasons
described above with respect to Element [1.pre].

[10.a] receiving a first digital signal comprising first data to
be transmitted:

112. Rofougaran renders obvious Element [10.a].
113. Like communication system 200 of FIG. 2, the communication system
700 of FIG. 7 is illustrated as including a first input “adapted to receive a first

baseband signal.” See EX1004, FIG. 2, FIG. 7, 6:12-14, 10:16-22.
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114. A POSITA would have understood or at least found it obvious that the
received signals are digital and later converted to the analog domain. See EX1004,
5:64-6:4. Rofougaran teaches that “[v]arious components of the exemplary

communication system 100 (and other communication systems illustrated and

discussed herein) may be implemented in analog and/or digital circuitry.”

EX1004, 5:64-67. This is why some of the communications systems are “not
shown with analog-to-digital converters (ADCs) or digital-to-analog converters
(DACGs).” EX1004, 5:67-6:2. FIGS. 4-6 “show various non-limiting exemplary
configurations including such converters.” EX1004, 6:2-4. In the example
implementation illustrated in FIG. 6, digital-to-analog converters (ADCs) are
inserted between the spectral placement module(s) and the signal combiner. See

EX1004, 9:64-10:9. Applying these teachings to Rofougaran’s communication

3 Notably, Rofougaran’s description of FIG. 6 appears to contain a typo.
Specifically, Rofougaran describes that “the spectral placement module 610 and
optional second spectral placement module 620 may operate in the analog
domain.” Ex. 1004, 9:64-66. However, FIG. 6 itself and the surrounding text of
this sentence make clear that the spectral placement module 610 and optional

second spectral placement module 620 operate in the digital domain. See Ex.
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system 700 results in the following modified block diagram.
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Figure 7

Modification to Rofougaran’s FIG. 7
Based on Teachings of FIG. 6

115. Further, the RF transmission stage 750 of communication system 700
transmits an RF composite signal that includes a frequency-shifted and
upconverted version of the first baseband signal, such that the information in the

first baseband signal is included in the transmitted RF composite signal. See

1004, FIG. 6, 9:66-10:6 (describing that the DACs convert the shifted baseband
signals to the analog domain, meaning they were in previously in the digital

domain).
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EX1004, FIG. 7, 10:23-43. As with the RF transmission stage 250 described with
respect to FIG. 2, communication system 700 includes “a RF transmission stage
750 that receives the RF composite signal from the RF signal combiner 730 and
transmit[s] the signal.” EX1007, 10:40-43. Rofougaran teaches that the RF
composite signal transmitted by transmission stage 750 includes a first component
associated with a spectrally shifted first baseband signal that has been upconverted
to a first RF frequency and a second baseband signal (or spectrally shifted second
baseband signal) that has been upconverted to a second RF frequency. See
EX1004, FIG. 7, 10:23-43.

116. Accordingly, a POSITA would have understood and found obvious
that the Rofougaran’s system would receiv/e] a first digital signal [e.g., first
baseband signal] comprising first data to be transmitted [e.g., the transmitted RF
composite signal includes a twice-frequency-shifted version of the first baseband
signal], as recited in [10.a].

[10.b] receiving a second digital signal comprising second
data to be transmitted:

117. Rofougaran renders obvious Element [10.b].

118. Similar to the first baseband signal described above with respect to
Element [10.a], the communication system 700 of FIG. 7 is illustrated as including
a second input “adapted to receive a second baseband signal.” See EX1004, FIG.

7,6:21-23, 10:16-22.
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119. For the reasons I noted above with respect to limitation [10.a], the

second baseband signal may be digital (see EX1004, 5:64-6:4, 9:64-10:9) and

intended for transmission by RF transmission stage 750 (see EX1004, 10:23-43).

120. Accordingly, a POSITA would have understood and found obvious

that the Rofougaran’s system would receiv/e] a second digital signal [e.g., second

baseband signal] comprising second data to be transmitted [e.g., the transmitted

RF composite signal includes a frequency-shifted version of the second baseband

signal], as recited in [10.b].
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[10.c] converting the first digital signal into a first analog
signal using a first digital-to-analog converter, the first
analog signal carrying the first data across a first frequency

range.

121. Rofougaran renders obvious Element [10.c].

122.  As I described with respect to Element [10.a], POSITA would have
understood or at least found it obvious that the received signals are digital and later
converted to the analog domain. See EX1004, 5:64-6:4. Based on the teachings of
FIG. 6, a POSITA would have understood or at least found it obvious to insert a
digital-to-analog converter (DAC) between the spectral placement module(s) and
the upconverters. See EX1004, 5:64-6:4 (explaining any parts of the
communication systems can be digital and any other parts analog), 9:48-10:15
(describing an example placement of digital-to-analog converter after spectral
placement modules and before signal combination or upconversion), 10:16-22
(explaining that the teachings of all previous embodiments can equally apply to
communication system 700). Applying these teachings to Rofougaran’s

communication system 700 results in the following modified block diagram.
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Modification to Rofougaran’s FIG. 7
Based on Teachings of FIGS. 2 and 6

123. Further, as 1s shown in the above modified version of FIG. 7, a
POSITA would have understood or at least found it obvious that the frequency
spectrum 211 of a signal in FIG. 7 would look similar to the frequency spectrum
after the spectral placement module shown in FIG. 2. See EX1004, 6:46-57,
10:16-22 (explaining that the teachings of all previous embodiments can equally
apply to communication system 700). Specifically, Rofougaran describes that
“frequency spectrum 211 associated with the spectrally shifted first baseband

signal.” EX1004, 6:48-50. With respect to in communication system 700, a
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POSITA would have understood that, for the same reason expressed with respect
to FIG. 2, the baseband signal after spectral placement module 710 and before
upconverting by first mixer 744 would look the same as in communication system
200. See EX1004, 6:46-57, 10:16-22. The fact that the spectral signal shift by the
first Spectral Placement Module takes place in the digital domain should not
significantly affect the frequency spectrum 211 after DAC, because the digital
signal should include wave energy at the digital signal frequencies corresponding
to the analog signal frequencies, though the signals themselves will look different
due to the difference in domain. See EX1004, 5:67-6:2 (explaining that
communication system 100, and by implication communication system 200 that
includes all the same components, “is not shown with analog-to-digital converters
(ADCs) or digital-to-analog converters (DACs)” to illustrate that various
components “may be implemented in analog and/or digital circuitry’), 10:16-22.
124. Accordingly, a POSITA would have understood and found obvious
that the Rofougaran’s system would convert[] the first digital signal into a first
analog signal using a first digital-to-analog converter [e.g., DAC 692 that
converts the spectrally shifted first baseband signal], the first analog signal
carrying the first data across a first frequency range [e.g., as shown above in
frequency spectrum 211, the converted and spectrally shifted signal carries data

across a range represented by at least upper spectral image 212 centered at f;], as
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recited in Element [10.c].

[10.d] converting the second digital signal into a second
analog signal using a second digital-to-analog converter, the
second analog signal carrying the second data across a

second frequency range;

125. Rofougaran renders obvious Element [10.d].
126. For the reasons I explained with respect to Element [1.c], applying

Rofougaran’s related teachings for FIG. 2 to Rofougaran’s communication system

700 results in the following modified block diagram.
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Modification to Rofougaran’s FIG. 7
Based on Teachings of FIGS. 2 and 6

127. As shown above, the frequency spectrum after DAC 694 is the same
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as the input second baseband signal, because no shifting has yet been performed on
the second baseband signal. EX1004, 10:28-34 (explaining that “a second mixer
748 that receives a second baseband signal”). As I explained with respect to
Element [10.d], that the second baseband signal was converted from digital to
analog should not significantly affect the frequency spectrum. See EX1004, 5:67-
6:2,10:16-22.
128. Accordingly, a POSITA would have understood and found obvious
that the Rofougaran’s system would convert/[] the second digital signal into a
second analog signal using a second digital-to-analog converter [e.g., DAC 692
that converts the spectrally shifted first baseband signal], the second analog signal
carrying the second data across a second frequency range [e.g., the converted
and spectrally shifted signal carries data across a range represented by frequency
spectrum 204 centered at the origin, since it has not been spectrally shifted], as
recited in Element [10.d].
[10.e] up-converting the first analog signal to a first RF
center frequency to produce a first up-converted analog
signal, wherein the first up-converted analog signal
comprises a first up-converted frequency range from the
first RF center frequency minus one-half the first frequency

range to the first RF center frequency plus one-half the first
frequency range;

129. Rofougaran renders obvious Element [10.¢].

130. Rofougaran explains that “FIG. 7 shows a non-limiting exemplary
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configuration where signals are converted to RF frequencies prior to the creation of
the composite signal.” EX1004, 10:10-15. Thus, one difference between FIG. 2
(described above with respect to Claim [1]) and FIG. 7 is that instead of a single
upconverter 240 with a single mixer 247 that “receive[s] the composite signal from
the signal combiner 230 and an RF mixing signal at frequency frr from a local
oscillator 246 (see EX1004, 7:26-29), FIG. 7 includes a first mixer 744 “that
receives a spectrally shifted first baseband signal from the spectral placement
module 710 and a first RF mixing signal” (see EX1004, 10:23-26), and a second
mixer 748 “that receives a second baseband signal (or a spectrally shifted second

baseband signal) and a second RF mixing signal” (see EX1004, 10:28-34).
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Modification to Rofougaran’s FIG. 7
Based on Teachings of FIGS. 2 and 6

131. Similar to the mixer 247 and resulting frequency spectrum 241
described with respect to FIG. 2, the first mixer 744 “first mixer 744 that receives a
spectrally shifted first baseband signal from the spectral placement module 710 and
a first RF mixing signal (e.g., a 2.446 GHz signal generally associated with the
Bluetooth communication protocol) from a first local oscillator 742.” EX1004,
10:23-28; see also id. 7:25-29 (describer the operation of mixer 247), 7:35-46
(describing frequency spectrum 241 that results from upconverting). A POSITA
would have understood or at least found obvious that first mixer is upconverting

the spectrally shifted first baseband signal to an RF frequency produced by first
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local oscillator 742. See id. The resulting RF center frequency of the first RF
component 743 that corresponds to the upconverted and shifted first baseband
signal would be f; + fro1 (i.e., the sum of the frequency to which spectral placement
module 710 shifts the first baseband signal, fs, and the frequency to which the first
mixer 744 upconverts the shifted baseband signal, fio1). See EX1004, 10:23-28;

see also id. 7:25-46 (describing upconverting in the context of FIG. 2).
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132. As shown above and described previously with respect to Claim [1],

the frequency range of the first baseband signal is the range of frequencies between
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the lowest and highest frequencies included in the first baseband signal. See
EX1004, 7:16-18 (describing the “frequency space” or range occupied by
components of the signal), 7:39-42 (describing same). Because Rofougaran does
not describe any distortion to either the first and second baseband signals as a
result of any of the described spectral shifting (either by the spectral placement
module or the upconverter), a POSITA would have known or at least found
obvious that, at each step of the communication system 700, the bandwidth will be
equal on either side of the upconverter. Equivalently, the full frequency range will
be equally divided to half on either side of the center frequency of the signal. See
EX1004, 3:66-5:23 (describing the operation of the spectral placement modules
where the only described transformation is shifting of the center frequency), 5:24-
38 (describing the operation of the spectral placement modules where the only
described transformation is shifting of the center frequency), FIG. 2 (showing
frequency spectrums where the only transformation is frequency shifting).

133. Accordingly, a POSITA would have understood and found obvious
that the Rofougaran’s system would up-convert/[] the first analog signal [e.g., the
first upconverted and shifted baseband signal] zo a first RF center frequency [e.g.,
the sum of the frequency to which spectral placement module 710 shifts the first
baseband signal, f;, and the frequency to which the first mixer 744 upconverts the

shifted baseband signal, fro1] to produce a first up-converted analog signal [e.g.,
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the signal output by first mixer 744 and represented by the frequency spectrum
741a), wherein the first up-converted analog signal comprises a first up-
converted frequency range [e.g., the frequency range of the first baseband signal,
which carries through, even as the first baseband signal is shifted] from the first
RF center frequency [e.g., fs + fLo1]| minus one-half the first frequency range
[e.g., 1llustrated in the immediately above diagram] to the first RF center
firequency plus one-half the first frequency range [e.g., as a result of the
frequency spectrum of the first baseband signal being symmetrical around its
center, as shown in frequency spectrum 203], recited in [10.¢].

[10.f] up-converting the second analog signal to a second RF
center frequency greater than the first center RF frequency
to produce a second up-converted analog signal, wherein
the second up-converted analog signal comprises a second
up-converted frequency range from the second RF center
frequency minus one-half the second frequency range to the
second RF center frequency plus one-half the second
frequency range, and wherein a frequency difference
between the first RF center frequency and the second RF
center frequency is greater than the sum of one-half the
first frequency range and one-half the second frequency

range.

134. Rofougaran renders obvious Element [10.1].
135. As I described above with respect to Element [10.e], communication
system 700 includes a second mixer 748 “that receives a second baseband signal

(or a spectrally shifted second baseband signal) and a second RF mixing signal.”

See EX1004, 10:28-34.
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Modification to Rofougaran’s FIG. 7
Based on Teachings of FIGS. 2 and 6

136. Similar to the mixer 247 and resulting frequency spectrum 241
described with respect to FIG. 2, the “second mixer 748 that receives a second
baseband signal (or a spectrally shifted second baseband signal) and a second RF
mixing signal (e.g., a 2.486 GHz signal generally associated with the IEEE
802.11(g) communication protocol) from a second local oscillator 746.” EX1004,
10:28-34; see also id. 7:25-29 (describer the operation of mixer 247), 7:35-46
(describing frequency spectrum 241 that results from upconverting). A POSITA
would have understood or at least found obvious that second mixer 748 is

upconverting the spectrally shifted second baseband signal 204 to an RF frequency
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produced by first local oscillator 746. See id. The resulting RF center frequency
of the second RF component 749 that corresponds to the upconverted second
baseband signal would be fLoz (i.e., the frequency to which the second mixer 748
upconverts the shifted baseband signal based on the frequency of the second local
oscillator 746). See EX1004, 10:28-34; see also id. 7:25-46 (describing
upconverting in the context of FIG. 2).

137. In the example given with respect to FIG. 7, the first RF mixing signal
may be, for example, a 2.446 GHz signal, and the second RF mixing frequency is
2.486GHz, so the resulting second RF frequency for the second baseband signal is
greater than the first RF frequency for the first baseband signal. See EX1004,
10:23-34. A POSITA would have understood or at least found it obvious that,
given the purpose of the spectral shifting module (i.e., to keep the frequency spaces
distinct enough to reduce interference), the RF transmission frequency to which the
signals are upconverted (i.e., fLo1 and fLo2) would be substantially larger that the
frequency to which the first baseband signal is shifted by the first spectral
placement module 710 (i.e., fs), such that the value of f; would not lead to fro:
being close enough to fro2 and potentially causing the frequency spectrum of the
two signals to overlap and therefore begin to interfere. See EX1004, 3:38-49
(describing that the purpose of the spectral placement module is the shift the first

baseband signal to “one or more frequency bands that are substantially distinct
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from one or more frequency bands associated with the second baseband signal”),
FIG. 2 (showing with frequency spectrum 241 that the shift to frr is significantly
greater that the shift to f;). Indeed, to this very point, “the spectral placement
module [] (and optionally, the second spectral placement module []) may receive a
control signal indicating whether or not to perform spectral shifting and/or to what
degree spectral shifting should be implemented.” EX1004, 4:62-67.

Half the second
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Diagram Annotating Frequency Range of First Baseband Signal
and Frequency Spectrum 741b

138. As shown above and described previously with respect to Claim [1],
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the frequency range of the first baseband signal is the range of frequencies between
the lowest and highest frequencies included in the first baseband signal. See
EX1004, 7:16-18 (describing the “frequency space” or range occupied by
components of the signal), 7:39-42 (describing same). Because Rofougaran does
not describe any spectral distortion to the first and second baseband signals as a
result of any of the described spectral shifting (either by the spectral placement
module or the upconverter), a POSITA would have known or at least found
obvious that, at each step of the communication system 700, an equal amount of
the frequency range (i.e., one-half) will be present on either side of the center
frequency of the frequency range of the signal. See EX1004, 3:66-5:23 (describing
the operation of the spectral placement modules where the only described
transformation is shifting of the center frequency), 5:24-38 (describing the
operation of the spectral placement modules where the only described
transformation is shifting of the center frequency), FIG. 2 (showing frequency
spectrums where the only transformation is frequency shifting).

139. Accordingly, a POSITA would have understood and found obvious
that the Rofougaran’s system would up-convert[] the second analog signal [e.g.,
the second upconverted baseband signal] o a second RF center frequency greater
than the first center RF frequency [e.g., fLo2 being, for example, 2.486GHz,

which is greater than fst+fiLo1, with froibeing, for example, 2.446 GHz, and f; being
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selected so that the first and second baseband signals are “substantially distinct”
and therefore not large enough to cause overlap between the upconverted signals]
to produce a second up-converted analog signal [e.g., the signal output by second
mixer 748 and represented by the frequency spectrum 741b], wherein the second
up-converted analog signal comprises a second up-converted frequency range
[e.g., the frequency range of the second baseband signal, which carries through,
even as the second baseband signal is shifted] from the second RF center
frequency [e.g., fLo2] minus one-half the second frequency range [e.g., illustrated
in the immediately above diagram] to the second RF center frequency plus one-
half the second frequency range [e.g., as a result of the frequency spectrum of the
second baseband signal being symmetrical around its center, as shown in
frequency spectrum 204], wherein a frequency difference between the first RF
center frequency and the second RF center frequency is greater than the sum of
one-half the first frequency range and one-half the second frequency range [e.g.,
a primary goal of the Rofougaran system is to ensure that the two upconverted
signals ultimately occupy “substantially distinct frequency bands” such that that
signals may be combined with little to no interference, a result that can be seen by
the relative positions of signal components 743 and 749 in frequency spectrums

741a and 741b, respectively].
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[10.g] combining the first up-converted analog signal and
the second up-converted analog signal to produce a
combined up-converted signal;

140. Rofougaran renders obvious Element [10.g].

141. Rofougaran describes “an RF signal combiner 730 that is adapted to
combine input RF signals may, for example, receive and combine the output
signals from the first mixer 744 and second mixer 748 to generate an RF composite
signal.” EX1004, 10:35-40. Rofougaran describes more generally that the
composite signal output by a signal combiner “may simultaneously (i.e., at an
instant in time) comprise components associated with various input signals.”

EX1004, 4:36-38.

245 - 242
8_ 284y ,\J| O\ 243 [+

1 1 t
Loz -fs +-flo1 ! fe + floa flo2
(e.g., f, to 2.446 GHz) (e.g., 2.486 GHz)

Modified Version of Frequency Spectrum 241
Accounting for Different RF Frequencies

142. In effect, the RF signal combiner simply adds to two upconverted
signals, which would result in a combined frequency spectrum 741 that is a
combination of frequency spectrums 741a and 741b output by the first mixer 744
and second mixer 748, respectively. See EX1004, 10:35-43. In the context of the
frequency spectrum 231 of FIG. 2, Rofougaran further notes that “the first portion

233 occupies a frequency space (e.g., one or more frequency bands) that is distinct
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from the frequency space occupied by the second portion 232.” EX1004, 7:15-17.
For the reasons I explained with respect to Element [10.f], a POSITA would have
understood or at least found obvious that Rofougaran’s note with respect to
frequency spectrum 231 would be equally true for “RF signal combiner 730.”
EX1004, 10:16-22 (applying teachings of FIG. 2 to FIG. 7), 7:35-46 (noting that
“the first portion 243 occupies a frequency space (e.g., one or more frequency
bands) that is distinct from the frequency space occupied by the second portion
2427).

143. Accordingly, a POSITA would have understood and found obvious
that the Rofougaran’s system would combining the first up-converted analog
signal [e.g., the signal output by first mixer 744 that has frequency spectrum 741a,
described above] and the second up-converted analog signal [e.g., the output of
second mixer 748 that has frequency spectrum 741b, described above] to produce
a combined up-converted signal [e.g., the output of RF signal combiner 730 that
has frequency spectrum 741], as recited in Element [10.g].

[10.h] amplifying the combined up-converted signal in a

power amplifier resulting in an amplified combined up-
converted signal; and

144. Rofougaran renders obvious Element [10.h].
145. Rofougaran describes that “[t]he exemplary communication system

700 may also comprise a RF transmission stage 750 that receives the RF composite

81



Declaration of Dr. Zhi Ding re U.S.P. 7,924,802

signal from the RF signal combiner 730 and transmit the signal.” EX1004, 10:40-
43. Like the RF transmission stage 250 described with respect to FIG. 2, a
POSITA would have understood or at least found obvious that the RF transmission

stage 750 “may, for example and without limitation, comprise a power amplifier

252, antenna 254 and other components generally associated with RF signal

transmission.” EX1004, 7:55-57, 10:16-22.
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Rofougaran’s FIG. 2 (annotations added in color)
146. Accordingly, a POSITA would have understood and found obvious
that the Rofougaran’s system would amplify[] the combined up-converted signal
in a power amplifier [e.g., transmission stage 750 implemented to include pwer

amplifier 252, as described with respect to FIG. 2] resulting in an amplified
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combined up-converted signal [¢.g., the output of power amplifier 252 would be
an amplified version of the signal output by the RF signal combiner 730 that has
the frequency spectrum 741], as recited in [10.h].

[10.i] transmitting the amplified combined up-converted
signal on a first antenna,

147. Rofougaran renders obvious Element [10.1].
148. Rofougaran describes that “[t]he exemplary communication system
700 may also comprise a RF transmission stage 750 that receives the RF composite

signal from the RF signal combiner 730 and transmit the signal.” EX1004, 10:40-

43. Like the RF transmission stage 250 described with respect to FIG. 2, a
POSITA would have understood or at least found obvious that the RF transmission
stage 750 “may, for example and without limitation, comprise a power amplifier

252, antenna 254 and other components generally associated with RF signal

transmission.” EX1004, 7:55-57, 10:16-22.
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149. Accordingly, a POSITA would have understood and found obvious
that the Rofougaran’s system would transmit[] the amplified combined up-
converted signal on a first antenna, as recited in Element [10.1].

[10.j] wherein the bandwidth of said power amplifier is
greater than the difference between a lowest frequency in

the first up-converted frequency range and a highest
frequency in the second up-converted frequency range.

150. Element [10.j] is substantially the same as Claim [6]. Rofougaran
renders obvious Element [10.j] for at least the same reasons described above with
respect to Claim [6].

[13] The method of claim 10 wherein the first digital signal

is encoded using a first wireless protocol and the second
digital signal is encoded using a second wireless protocol.
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151. Rofougaran renders obvious Claim [13].

152. Specifically, Rofougaran teaches that “[t]he first baseband signal may,
for example, correspond to a first communication protocol (e.g., any of a variety of
wireless communication protocols and/or standards).” EX1004, 6:14-16; see also
id., 10:16-22 (applying the teachings of FIG. 2 to the communication system 700).
Similarly, “[t]he second baseband signal may, for example, correspond to a second
communication protocol (e.g., a second communication protocol different from the
first communication protocol discussed above).” EX1004, 6:23-26; see also id.,
10:16-22 (applying the teachings of FIG. 2 to the communication system 700).
Accordingly, a POSITA would have understood that, in Rofougaran’s system, the
first digital signal is encoded using a first wireless protocol and the second
digital signal is encoded using a second wireless protocol, as recited in Claim
[13].

[17.pre] A wireless communication system comprising:

153. Element [17.pre] is substantially the same as Element [1.pre].
Rofougaran renders obvious Element [17.pre] for at least the same reasons
described above with respect to Element [1.pre].

[17.a] a baseband digital system for providing a first digital
signal comprising a first data to be transmitted and a

second digital signal comprising a second data to be
transmitted;

154. Rofougaran renders obvious Element [17.a].
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155. Rofougaran describes that “[t]he first baseband signal and the second
baseband signal may, for example, be generated by one or more modules (i.e.,
hardware and/or software modules) of the communication system [].” EX1004,
3:24-34. Thus, while it is not illustrated in the figures, a POSITA would have
understood or at least found obvious that the communication system 700 includes a
baseband digital system [e.g., the “one or more modules™] for providing baseband
signals.

156. The remainder of Element [17.a] is substantially the same as Elements
[10.a] and [10.b]. Rofougaran renders obvious Element [17.a] for at least the same
reasons described above with respect to Elements [10.a] and [10.b].

[17.b] a first digital-to-analog converter for receiving the
first digital signal and converting the first digital signal into

a first analog signal, the first analog signal carrying the first
data across a first frequency range;

157. Rofougaran renders obvious Element [17.b].

158. As explained with respect to Element [10.c], a POSITA would have
understood or at least found it obvious to insert a digital-to-analog converter
(DAC) between the spectral placement module(s) and the upconverters. See
EX1004, 5:64-6:4 (explaining any parts of the communication systems can be
digital and any other parts analog), 9:48-10:15 (describing an example placement
of digital-to-analog converter after spectral placement modules and before signal

combination or upconversion), 10:16-22 (explaining that the teachings of all
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previous embodiments can equally apply to communication system 700).
Applying these teachings to Rofougaran’s communication system 700 results in
the following modified block diagram, which includes a first digital-to-analog

converter [e.g., digital to analog converter 692], as recited in Element [17.b].
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Modification to Rofougaran’s FIG. 7
Based on Teachings of FIGS. 2 and 6

159. The remainder of Element [17.b] is substantially the same as Element
[10.c]. Rofougaran renders obvious Element [17.b] for at least the same reasons
described above with respect to Element [10.c].

[17.c] a second digital-to-analog converter for receiving the
second digital signal and converting the second digital

signal into a second analog signal, the second analog signal
carrying the second data across a second frequency range;
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160. Rofougaran renders obvious Element [17.c].

161. As I explained with respect to Element [10.c], a POSITA would have
understood or at least found it obvious to insert a digital-to-analog converter
(DAC) between the spectral placement module(s) and the upconverters. See
EX1004, 5:64-6:4 (explaining any parts of the communication systems can be
digital and any other parts analog), 9:48-10:15 (describing an example placement
of digital-to-analog converter after spectral placement modules and before signal
combination or upconversion), 10:16-22 (explaining that the teachings of all
previous embodiments can equally apply to communication system 700).
Applying these teachings to Rofougaran’s communication system 700 results in
the following modified block diagram, which includes a second digital-to-analog

converter [e.g., digital to analog converter 694], as recited in Element [17.c].
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Modification to Rofougaran’s FIG. 7
Based on Teachings of FIGS. 2 and 6

162. The remainder of Element [17.c] is substantially the same as Element
[10.d]. Rofougaran renders obvious Element [17.c] for at least the same reasons

described above with respect to Element [10.d].

[17.d] a first up-converter circuit having a first input
coupled to receive the first analog signal and a second input
coupled to receive a first modulation signal having a first
RF frequency, wherein the first up-converter outputs a first
up-converted analog signal comprising a first up-converted
frequency range from the first RF frequency minus one-half
the first frequency range to the first RF frequency plus one-
half the first frequency range;

163. Rofougaran renders obvious Element [17.d].

164. Modified as I described above with respect to Claim [10], FIG. 7
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includes a first up-converter circuit [e.g., a first mixer 744 receiving a spectrally
shifted first baseband signal from the spectral placement module 710 and a first RF

mixing signal], as recited in Element [17.d]. See EX1004, 10:23-28.
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Modification to Rofougaran’s FIG. 7
Based on Teachings of FIGS. 2 and 6

165. The remainder of Element [17.d] is substantially the same as Element
[10.e]. Rofougaran renders obvious Element [17.d] for at least the same reasons

described above with respect to Element [10.¢].

[17.e] a second up-converter circuit having a first input
coupled to receive the second analog signal and a second
input coupled to receive a second modulation signal having
a second RF frequency, wherein the second up-converter
outputs a second up-converted analog signal comprising a
second up-converted frequency range from the second RF
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frequency minus one-half the second frequency range to the
second RF frequency plus one-half the second frequency
range, and wherein frequency difference between the first
RF frequency and the second RF frequency is greater than
the sum of one-half the first frequency range and one-half
the second frequency range; and

166. Rofougaran renders obvious Element [17.¢].

167. Modified as I described above with respect to Claim [10], FIG. 7
includes a second up-converter circuit [e.g., second mixer 748 that receiving a
second baseband signal (or a spectrally shifted second baseband signal) and a

second RF mixing signal], as recited in Element [17.e]. See EX1004, 10:23-28.
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Modification to Rofougaran’s FIG. 7
Based on Teachings of FIGS. 2 and 6

168. The remainder of Element [17.d] is substantially the same as Element

91



Declaration of Dr. Zhi Ding re U.S.P. 7,924,802

[10.e]. Rofougaran renders obvious Element [17.d] for at least the same reasons
described above with respect to Element [10.e].

[17.f] a power amplifier coupled to receive the first and
second up-converted analog signals, wherein the bandwidth
of the power amplifier is greater than the difference
between a lowest frequency in the first up-converted
frequency range and a highest frequency in the second up-
converted frequency range.

169. Rofougaran renders obvious Element [17.1].

170. Rofougaran describes that “[t]he exemplary communication system
700 may also comprise a RF transmission stage 750 that receives the RF composite
signal from the RF signal combiner 730 and transmit the signal.” EX1004, 10:40-
43. Like the RF transmission stage 250 described with respect to FIG. 2, a
POSITA would have understood or at least found obvious that the RF transmission

stage 750 “may, for example and without limitation, comprise a power amplifier

252, antenna 254 and other components generally associated with RF signal

transmission.” EX1004, 7:55-57, 10:16-22.
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Figure 2

Rofougaran’s FIG. 2 (annotations added in color)

171. Accordingly, a POSITA would have understood and found obvious
that the Rofougaran’s system includes a power amplifier coupled to receive the
first and second up-converted analog signals [e.g., power amplifier 252 in the
context of RF transmission stage 750], as recited in Element [17.1].

172. The remainder of Element [17.f] is substantially the same as Element
[10.j]. Rofougaran renders obvious Element [17.f] for at least the same reasons

described above with respect to Element [10.j].

[21] The communication system of claim 17 wherein the
first data of the first digital signal is encoded using a first
wireless protocol and the first data of the second digital
signal is encoded using a second wireless protocol.

173. Claim [21] is substantially the same as Claim [13]. Rofougaran

93



Declaration of Dr. Zhi Ding re U.S.P. 7,924,802

renders obvious Claim [21] for at least the same reasons described above with
respect to Claim [13].

B. GROUND 2 - Rofougaran in view of Shearer — Claims 9 and 23

[9] The method of claim 1 wherein first information and
second information comprise a plurality of OFDM symbols,
wherein a first symbol is transmitted during a first time slot
across the first frequency range and a second symbol is
transmitted during the first time slot across the second
frequency range, and wherein a third symbol is transmitted
during a second time slot across the first frequency range
and a fourth symbol is transmitted during the second time
slot across a second frequency range.

174. Rofougaran in view of Shearer renders obvious Claim [9].

175. As I discussed in my overview of Rofougaran, Rofougaran describes
that examples of the signals that are combined by its system are include “IEEE
802.11” and “any WiFi protocol.” EX1004, 2:63-3:6; see also id., 6:21-31.
Shearer confirms that IEEE 802.11 signals comprise a plurality of OFDM symbols
transmitted successively in time. See EX1005, 4:62-5:36 (describing that “a
transmitter for an 802.11 device” includes a “modulator 312 [that] modulates the
encoded data onto carriers in OFDM symbols in accordance with conventional
OFDM modulation techniques™).

176. As I discussed in my overview of Shearer, Shearer’s “FIG. 19 is a

graph of each packet and its frequency vs. time relationship.” EX1005, 10:32-33.
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Shearer’s FIG. 19 (annotations added in color)

177. “Each signal’s start time 1902 and end time 1904 is preferably
substantially equivalent to eliminate problems with multiple signal acquisition and
termination.” EX1005, 10:33-35. A POSITA would have understood or at least
found obvious that the period between start time 1902 and end time 1904 is a “time
slot” for the synchronized and combined OFDM symbols, and that there would be
a series of combined packets or OFDM symbols in successive time slots. See
EX1005, 10:46-11:3 (describing time synchronization for “acquir[ing] a new
incoming packet” comprising a plurality of OFDM symbols).

178. Applied to the context of Rofougaran, Shearer’s teachings confirm

95



Declaration of Dr. Zhi Ding re U.S.P. 7,924,802

that, at least when transmitting two OFDM signals, Rofougaran’s communication
system would have shifted and combined two OFDM symbols, transmitted the
combined signal, shifted and combined the next two OFDM symbols, transmitted
the combined signal, and so on. See EX1005, 10:33-11:3, EX1004, 5:4-11
(describing that “signal combiner 130 may combine the first and second signals to
generate a composite signal, where the composite signal simultaneously comprises
a first signal component based on the spectrally shifted first baseband signal and a
second signal component based on the second baseband signal (e.g., not spectrally
shifted)”). Indeed, Rofougaran describes that its communication system “may
generate the first and second baseband signals in a dependent manner (e.g., . . .
utilizing both the first and second baseband signals for a single communication).”
EX1004, 3:24-34.

179. A POSITA would have understood or at least found obvious that the
successive transmission of OFDM signals (e.g., as part of “utilizing both the first
and second baseband signals for a single communication,” as described by
Rofougaran) would result in a series of symbols that looks like the following

diagram, which is based on Shearer’s FIG. 19.
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Diagram of OFDM Packet Transmission Based on Shearer FIG. 19
180. In other words, a POSITA would have understood or at least found
obvious from Rofougaran and Shearer that a first symbol is transmitted during a
first time slot across the first frequency range and a second symbol is transmitted
during the first time slot across the second frequency range, and wherein a third
symbol is transmitted during a second time slot across the first frequency range
and a fourth symbol is transmitted during the second time slot across a second
frequency range, as recited in [9].
[23] The communication system of claim 17 wherein first
and second data to be transmitted comprise a plurality of
OFDM symbols, wherein a first symbol is transmitted
during a first time slot across the first up-converted

frequency range and a second symbol is transmitted during
the first time slot across the second up-converted frequency
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range, and wherein a third symbol is transmitted during a
second time slot across the first up-converted frequency
range and a fourth symbol is transmitted during the second
time slot across a second up-converted frequency range.

181. Claim [23] is substantially the same as Claim [9]. The combination of
Rofougaran and Shearer renders obvious Claim [23] for at least the same reasons
described above with respect to Claim [23].

X. CONCLUSION

182. For all the reasons I have noted in the foregoing paragraphs, the
Challenged Claims of the *802 Patent are obvious in view of the references
discussed above.

183. I currently hold the opinions set expressed in this declaration. But my
analysis may continue, and I may acquire additional information and/or attain

supplemental insights that may result in added observations.
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Professional Summary
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where he was also the Child Family Professor of Engineering and Entrepreneurship in 2009-2014.
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Kirkland & FEllis LLP
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2008 (Cisco, Motorola, etc., v. R.),

2008 (Apple v. N.)

2009 (Cisco v. WIAV)

2009 (Apple v. P.)
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LLP
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Fish and Richardson, LLP

2014 (Marvell v. 1.)

2018 (NEC v. X.)

2020 (DISH v. T.)

2020 (Huawei SEP)
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2014 (Apple v. C.)
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Sterne, Kessler, Goldstein & Fox, LLC

2014 (Marvell, MediaTek v. B.)

2019 (Volkswagen v. C.)

2020 (Apple v. S.)

Bramson, Plutzik, Mahler & Birkhaeuser

2013 (Karim v. H.)

Gibson, Dunn & Crutcher, LLP
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Desmarias
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Quinn Emanuel
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Sheppard, Mullin, Richter, and Hampton,
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2018 (HTC v. 1)

2019 (Motorola v. U.)

2019 (U-Blox AG v. L)
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2020 (Oppo v. S.)

2021 (HTC v. S.)

Duane Morris

2015 (Comcast, Cox, Time Warner,
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Rothwell, Figg, Ernest, & Manbeck, P.C.
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Mayer Brown LLP

2016 (LG Electronics v. N.)

Sidley Austin, LLP

2016 (Huawei v. S.)

2018 (Huawei v. O.)

Irell & Manella, LLP
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Dunner, L.L.P

2017 (Sol IP)

Arnold, Porter, Kaye, and Scholer
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Venable, LLP

2017 (Verizon v. S.)
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2020 (OPPO v. NOKIA)

2022 (OPPO v. Phillips) (OPPO v. IDC)
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2022 (vivo v. Nokia)
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2022 (Continental v. N.)
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Haynes Boone
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Biro Oktroi Roosseno (Indonesia)

2022 (vivo v. N.)

Paul Hastings
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Fish and Richardson | 2015 (Feb): Deposition for Marvell.
US PTAB Inter Partes Review IPR2014-00548
Marvell Semiconductor, Inc. v. Intellectual Ventures I LLC
2015 (August): Deposition for Marvell.
US PTAB Inter Partes Review IPR2014-00548
Marvell Semiconductor, Inc. v. Intellectual Ventures I LLC
Norton, Rose, 2016 (April): Deposition for Qualcomm.
Fulbright, US, LLP US PTAB Inter Partes Review cases IPR2015-10577, IPR2015-
10580, IPR2015-10581 Qualcomm Inc. v Bandspeed Inc.
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Sheppard, Mullin,
Richter, and
Hampton, LLP

2016 (May): Deposition for in TCL Communication Technology
Holdings, LTD., et al. v. Ericsson, et al., Case No. 8:14-cv-341
(C.D. CA).

2017 (Feb): Testified at C.D. California bench trial.

Sidley Austin, LLP

2016 (December): Testified at trial involving Huawei
Technologies, Co. Ltd v. Samsung regarding FRAND licensing
disputes in Shenzhen Court, P.R. China.

2018 (June): Deposition for N.D. CA on IP matter concerning
Huawei Technologies, Co. Ltd v. Samsung.

2018 (December):  Testified at trial involving Huawei
Technologies, Co. Ltd v. Samsung regarding FRAND licensing
disputes in Beijing Court of Intellectual Properties, P.R. China.

Mayer Brown LLP

2017 (January): Testified during tribunal proceeding for

LG Electronics, Inc. in standard essential patent (SEP) licensing
dispute of Nokia Technologies, Ltd. v. LG Electronics, Inc.
During arbitration hearing in Paris, France.

Venable LLP

2017 (October): Deposition as expert witness for Verizon
Services Corp. in Case No. 2:16-CV-588-WCB (E. D. TX) on US
Patent disputes.

Pillsbury LLP

2018 (Feb): Deposition (E. D. Texas Case No. 5:16-cv-00179-
RWS)

2018 (June): Testified at E. D. Texas (Texarkana) jury trial
(Case No. 5:16-cv-00179-RWS).

Allen & Overy LLP
UK

2019 (April) Testified at trial involving Huawei Technologies,
Co. Ltd v. Conversant regarding FRAND licensing disputes in
Nanjing Intermediate Court, P.R. China.

Sidley Austin LLP, US

2019 (Sept.) Testified at trial involving Huawei Technologies,
Co. Ltd v. PanOptics, regarding FRAND licensing disputes in
Shenzhen Intermediate Court, P.R. China.

Sheppard, Mullin,
Richter, and
Hampton, LLP

2019 (Dec. 3rd): Deposition for HTC and Apple in
HTC Corporation, HTC America, Inc., and Apple Inc. v. INVT
SPE LLC, Case Nos. IPR2018-01555 and IPR2018-01581.

Sterne, Kessler,

2020 (Feb.): Deposition for Volkswagen Group of America, In.

Goldstein & Fox, v. Carucel Investments, L.P. Case Nos. IPR2019-01573 and
LLC IPR2019-01101.

Jincheng Tongda & 2021 (June) Testified at trial involving TCL. v. Ericsoon,
Neal, LLP regarding FRAND licensing disputes in Shenzhen Intermediate

Court, P.R. China.

Orrick, Herrington, &
Sutcliffe, LLP

2021 (October): Deposition for Canon, Inc, in Canon, v.
WSOU Investments, LLC d/b/a/ Brazos Licensing, W.D. Texas,
Case No. 6:20-cv-980.

Fish & Richardson, 2021 (November) 1% Deposition for Petitioner IPR 2021-00560
P.C. in Quectel v. Koninklijke Philips N.V.
2021 (December) 1 Deposition for Petitioner on IPR 2021-
00563 Proceeding in Quectel v. Koninklijke Philips N.V.
2022 (March 31) 2™ Deposition for Petitioner IPR 2021-00560
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in Quectel v. Koninklijke Philips N.V. (028) (-)

2022 (April 1) 2" Deposition for Petitioner on IPR 2021-00563
Proceeding in Quectel v. Koninklijke Philips N.V. (+)

2022 (Oct. 28) Deposition for Petitioner on IPR 2022-00339 in
Apple v. Ericsson.

2023 (Nov. 18) Deposition for Petitioner on IPR 2023-00496
Proceeding (Apple).

Jauar Jahja and
Partners (Indonesia)

2022 (April 25) Testified at trial involving OPPO v. Nokia
regarding one patent disputes at Court in Jakarta, Indonesia.
Successful denial of temporary injunction.

2022 (April 26) Testified at trial involving OPPO v. Nokia
regarding another patent dispute at Court in Jakarta, Indonesia.
Successful denial of temporary injunction.

Quinsambing &
Torres (Philippines)

2022 (September) Testified on site at trial involving vivo v.
Nokia regarding patent disputes in Regional Trial Court in
Manila, the Philippines.

Successful denial of temporary injunction.

Orrick, Herrington, &
Sutcliffe, LLP

2021 (Oct. 12) Deposition Western D. of Texas cas: 6:20-cv-
00980-ADA (Canon)

Arnold, Porter, Kaye,
and Scholer

2022 (Dec. 30) Deposition for Petitioner on IPR 2022-00613
Proceeding (Samsung)

Biro Oktroi Roosseno
(Indonesia)

2023 (Jan. 4) Testified online at trial involving vivo v. Nokia
regarding patent disputes at Court in Jakarta, Indonesia.
Successful denial of temporary injunction.

2023 (Feb. 1) Testified on site at trial involving vivo v. Nokia
regarding patent disputes at Court in Jakarta, Indonesia.
Successful denial of temporary injunction.

Paul Hastings

2023 (June 22) Deposition for Petitioner on IPR 2022-01598
Proceeding (Samsung)

2023 (Sept. 23) Deposition for Petitioner on IPR 2023-00171
Proceeding (Samsung)

Kirkland & FEllis LLP

2024 (May 31) Deposition for Petitioner on IPR 2023-01469
Proceeding (TP Link)

IPR Opinions 70+

Expert Opinions (Excluding links before 2019 for brevity):

Older IPR Cases

IPR2014-00547
IPR2014-00548
IPR2014-01562
IPR2015-00237
IPR2015-00314
IPR2015-00315
IPR2015-00316
IPR2015-00531
IPR2015-01577
IPR2015-01580
IPR2015-01581

Professor Zhi Ding, Ph.D.

Printed: 03/13/25

Page 6

105




Expert/Consultant Curriculum Vitae

IPR2015-01582
IPR2016-00620
IPR2016-00623
IPR2018-00237
IPR2018-01160
IPR2018-01190
IPR2018-01555
IPR2018-01581
IPR2019-00070

Recent IPR
Declarations

[PR2019-01573 Expert Declaration to the Patent Trial and
Appeal Board. Instituted (2020-01-22); Final Decision:
Unpatentable (2020-11-20)

IPR2019-01105 Expert Declaration to the Patent Trial and
Appeal Board. Instituted (2019-12-02); Final Decision:
Unpatentable (2020-11-20)

IPR2019-01101 Expert Declaration to the Patent Trial and
Appeal Board. Instituted (2019-12-02); Final Decision:
Unpatentable (2020-11-20)

IPR2020-00038 Expert Declaration to the Patent Trial and
Appeal Board (Filed 2019-10-11); Institution Decision: (2020-
04-13).

IPR2021-00560 Expert Declaration to the Patent Trial and
Appeal Board. Instituted (2021-09-13); Final Decision: (2022-
09-09)

IPR2021-00563 Expert Declaration to the Patent Trial and
Appeal Board. Instituted (2021-09-15); Final Decision:
Unpatentable (2022-9-13)

IPR2021-00587 Expert Declaration to the Patent Trial and
Appeal Board. Filed (2021-02-26); Withdrawn.

IPR2021-00644 Expert Declaration to the Patent Trial and
Appeal Board. Filed (2021-03-12); Settled.

IPR2021-00683 Expert Declaration to the Patent Trial and
Appeal Board. Filed (2021-03-19); Withdrawn.

IPR2021-01468 Expert Declaration to the Patent Trial and
Appeal Board. Filed (2021-09-01).

IPR2021-01486 Expert Declaration to the Patent Trial and
Appeal Board. Filed (2021-09-16).
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IPR2022-00339 Expert Declaration to the Patent Trial and
Appeal Board. Instituted (2022-08-22); Settlement (2022-12-
20).

IPR2022-00348 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2022-02-15).

IPR2022-00349 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2022-02-15), Settled.

IPR2022-00616 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2022-02-18), Withdrawn.

IPR2022-00619 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2022-02-25).

IPR2022-00613 Expert Declaration to the Patent Trial and
Appeal Board. Instituted (2022-10-20); Settled.

IPR2022-01512 Expert Declaration to the Patent Trial and
Appeal Board. Filed (2022-09-09); Instituted (2023-05-15).

IPR2022-01598 Expert Declaration to the Patent Trial and
Appeal Board. Filed (2022-10-04); Instituted (2023-04-04).

IPR2023-00136 Expert Declaration to the Patent Trial and
Appeal Board. Filed (2022-11-30); Instituted (2023-05-22).

IPR2023-00151 Expert Declaration to the Patent Trial and
Appeal Board; Filed (2022-11-30); Instituted (2023-06-09).

IPR2023-00174 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2022-11-30); Instituted (2023-05-19).

IPR2023-00171 Expert Declaration to the Patent Trial and
Appeal Board. Filed (2022-11-08); Instituted (2023-05-31).

IPR2023-00441 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2023-01-05); Instituted (2023-08-03).

IPR2023-00496 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2023-01-20); Institute (2023-08-21).

IPR2023-00525 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2023-07-10); Institute (2023-10-02).
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IPR2023-00644 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2023-03-07); Institute (2023-10-11).

IPR2023-00645 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2023-03-22); Institute (2023-10-11).

IPR2023-00665 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2023-03-22)

IPR2023-00720 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2023-03-16).

IPR2023-00721 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2023-03-16); Institute (2023-10-11).

IPR2023-00796 1PR2023-01393 Expert Declaration to the
Patent Trial and Appeal Board. Instituted (2023-11-13).

IPR2023-01060 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2023-09-07); Instituted (2024-01-16).

IPR2023-01393 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2023-09-07).

IPR2023-01400 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2023-09-07); Instituted (2024-03-08).

IPR2023-01403 Expert Declaration to the Patent Trial and
Appeal Board; Instituted (2024-03-06).

IPR2023-01429 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2023-09-18).

IPR2023-01469 Expert Declaration to the Patent Trial and
Appeal Board, Instituted (2024-04-02). Settled.

IPR2024-00125 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2023-10-30). Settled.

IPR2024-00148 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2023-11-10).

IPR2024-00883 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2024-05-01).

IPR2024-01224 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2024-08-02).
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IPR2024-01358 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2024-08-28).

IPR2024-01362 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2024-08-30). Instituted (2025-03-11).

IPR2024-01363 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2024-08-30). Instituted (2025-03-11).

IPR2024-01364 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2024-08-30). Instituted (2025-03-11).

IPR2025-00049 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2024-10-14).

IPR2025-00194 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2024-11-19).

IPR2025-00218 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2024-11-21).

IPR2025-00220 Expert Declaration to the Patent Trial and
Appeal Board, Filed (2024-11-25).

IPR2025-00343 Expert declaration to the Patent Trial and
Appeal Board, Filed (2024-12-31).
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From: 01/1999
To: 09/2000
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University of lowa
Iowa City, IA
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Visiting Associate Professor, Department of Electrical and Electronic
Engineering

Auburn University

Auburn, AL

09/1995-12/1998: Associate Professor, Department of Electrical and
Computer Engineering

09/1990-08/1995: Assistant Professor, Department of Electrical and
Computer Engineering

Australian National University

Canberra, Australia

Visiting Research Fellow, Faculty of Information Technology and
Engineering

US Air Force Wright Laboratory
Eglin AFB, Florida
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NASA Lewis Research Center
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Visiting Faculty Research Fellow

Cornell University
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Research Assistant
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Research Assistant

Technical Consulting

Consulted for multiple major technology companies, aside from IP litigation
related matters.

Patents (Granted and/or Licensed)

Patent Number

Date Issued Title
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US 6,396,885 Mar.28, 2002  Co-channel interference reduction in wireless
communications systems

US 6,463,099 Oct.8, 2002 Blind channel equalizers and methods of blind channel
equalization (Licensed)

US 7,379,513 Mar. 20, 2008  Channel estimation in CDMA communications systems
using both lower power pilot channel and higher power date
channel

US 9,554,388  Jan. 24,2017 Method and apparatus of resource sharing for device-to-
device and cellular communications

US 10,623,230 Apr. 14,2020 Trans-layer robust header-compression technique

US 11,019,530 May 25,2021 Trans-layer bidirectional robust header compression system

US 11,368,940 June 21,2022 Systems and Methods for Data transmission over Wi-Fi and
LTE-U coexistence framework

Education
1990 Cornell University, Ithaca, NY Ph.D., Electrical Engineering
1987 University of Toronto, Toronto, Canada MS, Electrical Engineering

1982 Nanjing Institute of Technology, Nanjing, China  BS, Wireless Engineering

Publications

Books & Book Chapters

[1] B. P. Lathi and Z. Ding, Modern Digital and Analog Communication Systems, 5™ edition,
Oxford University Press, 2018.

[2] Zhi Ding and Ye Li, Blind Equalization and Identification, Marcel Dekker, New York,
2001.

[3] Z. Ding, “Chapter 7: Linear Predictive Algorithms for Blind Multichannel
Identification,” in Signal Processing Advances in Wireless and Mobile Communications,
Vol. I: Trends in Channel Estimation and Equalization, G. B. Giannakis, Y. Hua, P.
Stoica, and L. Tong (Editors), Prentice Hall, 2000.

[4] Z. Ding, “Blind Channel Identification and Equalization using Spectral Correlation
Measurements: Frequency Domain Analysis,” in Cyclostationarity in Communications
and Signal Processing, William A. Gardner, Ed., pp.417-436, IEEE Press, 1993.

[5] Z. Ding, C. R. Johnson, Jr., and R. A. Kennedy, “Chapter 3: Global Convergence Issues
with Linear Blind Adaptive Equalizers,” in Blind Deconvolution, Simon Haykin, Ed.,
pp.60-120, Prentice-Hall, 1994.

(6] Z. Ding, “Adaptive Filters for Blind Equalization,” in /EEE DSP Handbook, Douglas B.
Williams, Ed., pp.24.1-24.17, IEEE Press, 1998.
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Journal Papers

[1]

[4]

[5]

[6]

K. Wang, Z. Ding, D. K. C. So and Z. Ding, "' Exploring Age-of-Information Weighting in Federated Learning
under Data  Heterogeneity’’, in[EEE  Transactions on  Wireless  Communications,  doi:
10.1109/TWC.2025.3545456, 2025.

Zhang, Songyang, Brian Choi, Feng Ouyang, and Zhi Ding, " Physics-inspired machine learning for
radiomap estimation: Integration of radio propagation models and artificial intelligence. IEEE
Communications Magazine, 62, no. 8, pp. 155-161, 2024. doi: 10.1109/MCOM.001.2300782.

Wang, Kaidi, Yi Ma, Mahdi Boloursaz Mashhadi, Chuan Heng Foh, Rahim Tafazolli, and Zhi
Ding, ““Convergence Acceleration in Wireless Federated Learning: A Stackelberg Game Approach." IEEE
Transactions on Vehicular Technology, 2024. doi: 10.1109/TVT.2024.3452933

Q. Deng, Y. Zhang, M. Li, S. Zhang and Z. Ding, _"Efficient Eigen-Decomposition for Low-Rank
Symmetric Matrices in Graph Signal Processing: An Incremental Approach," IEEE Transactions on Signal
Processing, 2024 doi: 10.1109/TSP.2024.3438676.

Q. Deng, S. Zhang and Z. Ding, "Body Motion Segmentation via Multilayer Graph Processing for
Wearable Sensor Signals," IEEE Open Journal of Signal Processing, Volume 5, pp. 934-947, 2024 doi:
10.1109/0JSP.2024.3407662.

S. Jing, S. Zhang and Z. Ding, ~*Reinforcement Learning for Robust Header Compression (ROHC) Under
Model Uncertainty," IEEE Transactions on Machine Learning in Communications and Networking, vol. 2,
pp. 1033-1044, 2024, doi: 10.1109/TMLCN.2024.3409200.

A. Wijesinghe, S. Zhang and Z. Ding, "PS-FedGAN: An Efficient Federated Learning Framework With
Strong Data Privacy," IEEE Internet of Things Journal, vol. 11, no. 16, pp. 27584-27596, 15 Aug.15, 2024,
doi: 10.1109/J10T.2024.3399226.

Z. Liu, L. Wang, L. Xu and Z. Ding, ~*Deep Learning for Efficient CSI Feedback in Massive MIMO:
Adapting to New Environments and Small Datasets," IEEE Transactions on Wireless
Communications, 2024. doi: 10.1109/TWC.2024.3390583.

C. -H. Hsu and Z. Ding, *"Unsupervised Learning for Resource Allocation and User Scheduling in
Wideband MU-MIMO Systems," IEEE Open Journal of the Communications Society, vol. 5, pp. 2240-
2256, 2024, doi: 10.1109/0JCOMS.2024.3384110.

[10] S. Zhang, T. Yu, B. Choi, F. Ouyang and Z. Ding, “'Radiomap Inpainting for Restricted Areas based on
Propagation Priority and Depth Map," IEEE Transactions on Wireless Communications, 23(8): 9330-
9344, August 2024. doi: 10.1109/TWC.2024.3360872.

[11] K. Wang, Z. Ding, D. K. C. So and Z. Ding, “*Age-of-Information Minimization in Federated Learning
based Networks with Non-1ID Dataset," IEEE Transactions on Wireless Communications, 23(8): 8939-
8953, August 2024. doi: 10.1109/TWC.2024.3357208.

[12] C. Feres, B. C. Levy and Z. Ding, ""Over-the-Air Multisensor Collaboration for Resource Efficient Joint
Detection," IEEE Transactions on Signal Processing, vol. 72, pp. 384-399, 2024, doi:
10.1109/TSP.2023.3310895.

[13] Y.-C. Lin, T. -S. Lee and Z. Ding, ""A Scalable Deep Learning Framework for Dynamic CS| Feedback
With Variable Antenna Port Numbers," IEEE Transactions on Wireless Communications, vol. 23, no. 4,
pp. 3102-3116, April 2024, doi: 10.1109/TWC.2023.3305546.

[14]

[15] Y. -C. Lin, T. -S. Lee and Z. Ding, *"Exploiting Partial FDD Reciprocity for Beam Based Pilot Precoding
and CSI Feedback in Deep Learning," IEEE Transactions on Wireless Communications, doi:
10.1109/TWC.2023.3289929.
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[16]

[17]

[21]

[22]

[23]

[25]

[26]

[27]

[28]

Expert/Consultant Curriculum Vitae

S. Zhang, Q. Deng and Z. Ding, "*Signal Processing Over Multilayer Graphs: Theoretical Foundations and
Practical Applications," IEEE Internet of Things Journal, vol. 11, no. 2, pp. 2453-2471, 15 Jan.15, 2024, doi:
10.1109/J10T.2023.3294470.

W. Cao, X. Ling, J. Wang, Z. Ding and X. Gao, "A Framework for QoS-Guaranteed Fast Access Services
in Blockchain Radio Access Network," IEEE Transactions on Wireless Communications, vol. 23, no. 4, pp.
2711-2725, April 2024, doi: 10.1109/TWC.2023.3302415

Q. Deng, Y. Ge and Z. Ding, *"Jamming Suppression via Resource Hopping in High-Mobility OTFS-SCMA
Systems," IEEE Wireless Communications Letters, vol. 12, no. 12, pp. 2138-2142, Dec. 2023, doi:
10.1109/LWC.2023.3309787.

X. Liang, W. Fang, J. Wang, Z. Ding, X. Gao and C. Zhao, *'Robust Transceiver Design for RIS-Aided
Spatially Correlated MIMO Channels With Uncertainty," IEEE Wireless Communications Letters, vol. 12,
no. 12, pp. 2013-2017, Dec. 2023, doi: 10.1109/LWC.2023.3304335.

Qi S, He M, Hoang R, Zhou Y, Namadi P, Tom B, Sandhu P, Bai Z, Chung F, Ding Z, Anderson
J. *Salinity Modeling Using Deep Learning with Data Augmentation and Transfer
Learning" . Water, 15(13):2482, 6 July, 2023.

ARy

S. Zhang, A. Wijesinghe and Z. Ding, " RME-GAN: A Learning Framework for Radio Map
Estimation based on Conditional Generative Adversarial Network" /EEFE Internet of Things
Journal 2023. doi:10.1109/J10T.2023.3278235.

Y. Ge, Q. Deng, D. Gonzalez G., Y. L. Guan and Z. Ding, ""OTES Signaling for SCMA With
Coordinated Multi-Point Vehicle Communications," /EEE Transactions on Vehicular Technology,
doi: 10.1109/TVT.2023.3248119.

H. Ma, X. Yuan, Z. Ding, D. Fan and J. Fang, "Over-the-Air Federated Multi-Task [ .earning via
Model Sparsification, Random Compression, and Turbo Compressed Sensing," /[EEE
Transactions on Wireless Communications, doi: 10.1109/TWC.2022.3231088.

Siyu Qi, Minxue He, Zhaojun Bai, Zhi Ding, Prabhjot Sandhu, Francis Chung, Peyman Namadi,
Yu Zhou, Raymond Hoang, Bradley Tom, Jamie Anderson, and Dong Min Roh, "Novel Salinity
Modeling Using Deep Learning for the Sacramento-San Joaquin Delta of California" in Water ,
2022, 14(22), 3628; https://doi.org/10.3390/w14223628

M. Del Rosario and Z. Ding, " Learning-Based MIMO Channel Estimation under Practical Pilot
Sparsity and Feedback Compression," in IEEE Transactions on Wireless Communications, 2022,
doi: 10.1109/TWC.2022.3202750.

C. Sun, X. Gao and Z. Ding, ~*Optimization of Workload Balancing and Power Allocation for
Wireless Distributed Computing," in IEEE Transactions on Wireless Communications, vol. 21, no.
9, pp. 7682-7695, Sept. 2022, doi: 10.1109/TWC.2022.3160493.

C. -H. Hsu, C. Feres and Z. Ding, >~ Wirtinger Flow for Nonconvex Blind Demixing with Optimal
Step Size," in IEEE Wireless Communications Letters, 2022, doi: 10.1109/LWC.2022.3203313.

Zhang, S., Deng, Q. & Ding, Z., ~"Multilayer graph spectral analysis for hyperspectral
images," EURASIP Journal of Adv. Signal Process, 2022, 92 (2022). doi:
https://doi.org/10.1186/s13634-022-00926-8;
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[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Expert/Consultant Curriculum Vitae

C. Feres and Z. Ding, _~An Unsupervised Learning Paradigm for User Scheduling in Large Scale
Multi-Antenna Systems," in IEEE Transactions on Wireless Communications, 2022, doi:
10.1109/TWC.2022.3215471.

L. D. Chamain, S. Qi, and Z. Ding, "End-to-End Image Classification and COmpression with
variational autoencoder" IEEE Internet of Things Journal, vol. 70, 2022, doi:
10.1109/J10T.2022.3182313.

C. Feres and Z. Ding, " A Riemannian Geometric Approach to Blind Signal Recovery for Grant-
Free Radio Network Access," IEEE Transactions on Signal Processing, vol. 70, pp. 1734-1748,
2022, doi: 10.1109/TSP.2022.3159988.

Q. Deng, S. Zhang and Z. Ding, ~*An Efficient Hypergraph Approach to Robust Point Cloud
Resampling," IEEE Transactions on Image Processing, vol. 31, pp. 1924-1937, 2022, doi:
10.1109/TIP.2022.3149225.

X. Ling, B. Zhang, H. Xie, J. Wang, Z. Ding, Hash Access in Blockchain Radio Access Networks:
Characterization and Optimization IEEE Internet of Things Journal, 9(11): 8053-8066, 1 June
2022 doi: 10.1109/J10T.2021.3111915.

Qi, S.; He, M.; Bai, Z.; Ding, Z.; Sandhu, P.; Zhou, Y.; Namadi, P.; Tom, B.; Hoang, R.;
Anderson, J. *“Multi-Location Emulation of a Process-Based Salinity MOdel Using Machine
Learning',' Water , 14(13):2030, 2022, doi: 10.3390/w14132030.

C. Wang, A. -A. Lu, X. Gao and Z. Ding, “Robust Precoding for 3D Massive MIMO
Configuration With Matrix Manifold Optimization," IEEE Transactions on Wireless
Communications, vol. 21, no. 5, pp. 3423-3437, May 2022, doi: 10.1109/TWC.2021.3121734.

Z. Liu, M. Del Rosario, and Z. Ding, *A Markovian Model-Driven Deep Learning Framework for
Massive MIMO CSI Feedback," in IEEE Transactions on Wireless Communications,, vol. 21, no.
2, pp. 1214-1228, Feb. 2022, doi: 10.1109/TWC.2021.3103120.

L. Teng, G. Zhai, Y. Wu, X. Min, W. Zhang, Z. Ding, and C Xiao, >"QoE Driven VR 360A°
Video Massive MIMO Transmission," IEEE Transactions on Wireless Communications, vol. 21,
no. 1, pp. 18-33, Jan. 2022, doi: 10.1109/TWC.2021.3093305.

Q. Deng, S. Zhang and Z. Ding, ~*Point Cloud Resampling via Hypergraph Signal
Processing," IEEE Signal Processing Letters, vol. 28, pp. 2117-2121, 2021, doi:
10.1109/LSP.2021.3119257.

X. Ling, P. Chen, J. Wang and Z. Ding, *"Data Broker: Dynamic Multi-Hop Routing Protocol in
Blockchain Radio Access Network," in [EEE Communications Letters, vol. 25, no. 12, pp. 4000-
4004, Dec. 2021, doi: 10.1109/LCOMM.2021.3114218.

Qi, Siyu, Zhaojun Bai, Zhi Ding, Nimal Jayasundara, Minxue He, Prabhjot Sandhu, Sanjaya
Seneviratne, and Tariq Kadir, *“Enhanced Artificial Neural Networks for Salinity Estimation and
Forecasting in the Sacramento-San Joaquin Delta of California." Journal of Water Resources
Planning and Management 147, no. 10 (2021): 04021069.
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[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Expert/Consultant Curriculum Vitae

Y. -C. Lin, Z. Liu, T. -S. Lee and Z. Ding, "*Deep Learning Phase Compression for MIMO CSI
Feedback by Exploiting FDD Channel Reciprocity," in IEEE Wireless Communications
Letters, vol. 10, no. 10, pp. 2200-2204, Oct. 2021, doi: 10.1109/LWC.2021.3096808.

C. J. Feres and Z. Ding, " Wirtinger Flow Meets Constant Modulus Algorithm: Revisiting Signal
Recovery for Grant-Free Access," in IEEE Transactions on Signal Processing, vol 69, pp. 6515-
6529, Aug. 2021. doi: 10.1109/TSP.2021.3103038.

Q. Hu, Y. Liu, Y. Cai, G. Yu and Z. Ding, *"Joint Deep Reinforcement [.earning and Unfolding:
Beam Selection and Precoding for mmWave Multiuser MIMO With Lens Arrays," in IEEE
Journal on Selected Areas in Communications, vol. 39, no. 8, pp. 2289-2304, Aug. 2021, doi:
10.1109/JSAC.2021.3087233.

C. Sun, J. Wang, X. Gao, Z. Ding and X. Zheng, *"Fiber-Enabled Optical Wireless
Communications With Full Beam Coverage," in IEEE Transactions on Communications, vol. 69,
no. 5, pp. 3207-3221, May 2021, doi: 10.1109/TCOMM.2021.3059458.

Y. Ge, Q. Deng, P.C. Ching, Z. Ding "OTEFS Signaling for Uplink NOMA of Heterogeneous
Mobility Users," in IEEE Transactions on Communications, 2021, doi:
10.1109/TCOMM.2021.3059456.

Y. Ge, Q. Deng, P.C. Ching, Z. Ding ""Receiver design for OTFS with fractionally spaced
sampling approach", in IEEE Transactions on Wireless Communications, 2021, doi:
10.1109/TWC.2021.3055585.

S. Zhang, S. Cui and Z. Ding, ~“Hypergraph Spectral Analysis and Processing in 3D Point
Cloud," in IEEE Transactions on Image Processing, vol. 30, pp. 1193-1206, 2021, doi:
10.1109/TIP.2020.3042088.

S. Zhang, S. Cui and Z. Ding, ~“Hypergraph Spectral Clustering for Point Cloud Segmentation," in
IEEE Signal Processing Letters, vol. 27, pp. 1655-1659, 2020, doi: 10.1109/LSP.2020.3023587.

X. Ling, Y. Le, J. Wang and Z. Ding, ~"Hash Access: Trustworthy Grant-Free IoT Access Enabled
by Blockchain Radio Access Networks." in IEEE Network, vol. 34, no. 1, pp. 54-61,
January/February 2020, doi: 10.1109/MNET.001.1900159.

Ling, X.; Gao, Z.; Le, Y.; You, L.; Wang, J.; Ding, Z.; Gao, X. "Satellite-Aided Consensus
Protocol for Scalable Blockchains", Sensors Vol. 20, Issue 19, 2020.

7. Jiang, X. Shen, H. Wang and Z. Ding, *"Joint PSK Data Detection and Channel Estimation
Under Frequency Selective Sparse Multipath Channels," in IEEE Transactions on
Communications, vol. 68, no. 5, pp. 2726-2739, May 2020, doi: 10.1109/TCOMM.2020.2975172.

Z. Liu, L. Zhang and Z. Ding, " An Efficient Deep Learning Framework for Low Rate Massive
MIMO CSI Reporting," in IEEE Transactions on Communications, vol. 68, no. 8, pp. 4761-4772,
Aug. 2020, doi: 10.1109/TCOMM.2020.2993626.

Q. Chen and Z. Ding, * Accommodating LAA Within IEEE 802.11ax WiFi Networks for
Enhanced Coexistence," in IEEE Transactions on Wireless Communications, vol. 19, no. 11, pp.
7621-7636, Nov. 2020, doi: 10.1109/TWC.2020.3014425.

Professor Zhi Ding, Ph.D. Page 16
Printed: 03/13/25

115



[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

Expert/Consultant Curriculum Vitae

C. Sun, J. Wang, X. Gao and Z. Ding, *Networked Optical Massive MIMO Communications," in

IEEE Transactions on Wireless Communications, vol. 19, no. 8, pp. 5575-5588, Aug. 2020, doi:
10.1109/TWC.2020.2994545.

Q. Liu, J. Xu, Z. Ding and H. C. So, "Target Localization With Jammer Removal Using
Frequency Diverse Array," in IEEE Transactions on Vehicular Technology, vol. 69, no. 10, pp.
11685-11696, Oct. 2020, doi: 10.1109/TVT.2020.30169438.

T. Bouchoucha and Z. Ding, ~* Anchor selection for topology inference and routing in wireless
sensor networks." in Journal of Communications and Information Networks, vol. 5, no. 3, pp. 318-
323, Sept. 2020, doi: 10.23919/JCIN.2020.9200895.

X. Ling, Y. Le, J. Wang, Z. Ding and X. Gao, _"Practical Modeling and Analysis of Blockchain
Radio Access Network." in IEEE Transactions on Communications, 2020 doi:
10.1109/TCOMM.2020.3029779.

Z. Liu, L. Zhang and Z. Ding, "Overcoming the Channel Estimation Barrier in Massive MIMO
Communication via Deep Learning." in IEEE Wireless Communications, vol. 27, no. 5, pp. 104-
111, October 2020, doi: 10.1109/MWC.001.1900413

Q. Hu, Y. Cai, Q. Shi, K. Xu, G. Yu and Z. Ding, ""Iterative Algorithm Induced Deep-Unfolding
Neural Networks: Precoding Design for Multiuser MIMO Systems," in IEEE Transactions on
Wireless Communications, 2020. doi: 10.1109/TWC.2020.3033334.

X. Ling, J. Wang, Y. Le, Z. Ding and X. Gao, "Blockchain Radio Access Network Beyond
5@G." in IEEE Transactions on Wireless Communications, in IEEE Wireless
Communications, 2020. doi: 10.1109/MWC.001.2000172.

A. Jalali and Z. Ding, " Joint Detection and Decoding of Polar Coded 5G Control Channels", /EEE
Transactions on Wireless Communications, 19(3), pp. 2066-2078, Mar. 2020.

Yang, Kai, Yuanming Shi, Wei Yu, and Zhi Ding, " Energy-efficient processing and robust
wireless cooperative transmission for edge inference," IEEE Internet of Things Journal, accepted,
2020. DOI: 10.1109/J10T.2020.2979523

J. Dong, Y. Shi, and Z. Ding, *"Blind Over-the-Air Computation and Data Fusion via Provable
Wirtinger Flow", /IEEE Transactions on Signal Processing vol. 68, pp. 1136-1151, 2020. DOI:
10.1109/TSP.2020.2970338.

Y. Ma, Z. Quan, D. Li, S. Zhang, X. Li, Z. Feng, and Z. Ding, Optimal Linear Cooperation for
Signal Classification via M-ary Hypothesis Testing in Cognitive Communication Networks, /EEE
Transactions on Wireless Communications, 19(5), pp. 3144-3155, May 2020.

S. Zhang, Z. Ding and S. Cui, Introducing Hypergraph Signal Processing: Theoretical
Foundation and Practical Applications," /EEFE Internet of Things Journal, , vol.7, no.1, pp. 639-
660, Jan. 2020. doi: 10.1109/J10T.2019.2950213

Z. Jiang, X. Shen, H. Wang and Z. Ding, *"Joint PSK Data Detection and Channel Estimation
under Frequency Selective Sparse Multipath Channels." in /EEE Transactions on
Communications, doi: 10.1109/TCOMM.2020.2975172.
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[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

Expert/Consultant Curriculum Vitae

R. Liu, Q. Chen, G. Yu, G. Y. Li and Z. Ding, ~*Resource Management in LTE-U Systems: Past,
Present, and Future," /EEE Open Journal of Vehicular Technology, vol. 1, pp. 1-17, 2020 DOI:
10.1109/0JVT.2019.2949020

Li, Pei-Rong, Zhi Ding, and Kai-Ten Feng, “Enhanced Receiver Based on FEC Code Constraints
for Uplink NOMA With Imperfect CS1." /IEEFE Transactions on Wireless Communications vol. 18,
no. 10, pp. 4790-4802, 2019.

Z. Liu, L. Zhang, and Z. Ding, " Exploiting Bi-Directional Channel Reciprocity in Deep Learning
for Low Rate Massive MIMO CSI Feedback", IEEE Wireless Communications Letters, Feb. 2019.
doi:10.1109/LWC.2019.2898662

K. Yang, Y. Shi and Z. Ding, " Generalized Low-Rank Optimization for Topological Cooperation
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