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I, Harry V. Bims, Ph.D., declare as follows:

I. Introduction
1. I am over the age of 21 and am competent to make this declaration.
2. I have been retained on behalf of Petitioner Samsung Electronics Co.,

Ltd. (“Samsung”) to provide my opinions regarding the validity of claims 1-3, 5-8,
10-12, 14-17, 19-21, and 23-26 (the “Challenged Claims”) of U.S. Patent No.
11,431,386 (EX1001, the “’386 patent”). I submit this declaration based on my
personal knowledge and in support of Samsung’s inter partes review Petition (the
“Petition’) against the *386 patent.

3. I have been asked to provide my independent analysis of the 386
patent, in light of the materials cited below and my knowledge and experience in this
field during the relevant period. I have been asked to consider whether the references
cited in the Petition render obvious the invention described by the Challenged
Claims.

4. I am being compensated at my normal hourly rate for my time. My
compensation is not contingent in any way on the content of my analysis or the
outcome of this proceeding. I am not and never have been an employee or agent of
Samsung.

5. My opinions are based on my study, experience, and background

discussed below, informed by my extensive experience regarding the subject matter
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of the ’386 patent and the related prior art. For more than 30 years, since
approximately 1981, I have studied, designed, and worked in the field of
telecommunications, including wireless communications. During this period, I have
designed and implemented various products involving cellular communication

technology.

II.  Qualifications

6. My findings are also based on my education as an electrical engineer. I
received a B.S. in Computer and Systems Engineering from Rensselaer Polytechnic
Institute in 1985.

7. I received an M.S. in Electrical Engineering in 1988 and a Ph.D. in
Electrical Engineering in 1993, both from Stanford University. As a graduate
student, I studied the principle of Digital Communications theory, including data
modulation and demodulation, signal constellations and lattices, channel estimation,
equalization, filtering, precoding, synchronization, and trellis coding.

8. My Ph.D. thesis addressed the application of trellis coding and
precoding to a digital modulation system, and was titled “Trellis Coding for Multi-
Level, Partial Response Continuous Phase Modulation with Precoding.”

0. After receiving my Ph.D. in 1993, I worked for Glenayre Technologies
— Wireless Access Group, where 1 worked on applications for wireless

communication, including inventing, designing, and building a patented two-way
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pager test system and co-developing a wireless application protocol.

10. In January of 1999, I launched a technology consulting company,
Protocomm Systems Inc., which focuses on the development of advanced wireless
communications protocols and related software implementations for wireless
product companies.

11.  From 1999 to 2001, I was also the Director of Software Architecture
for Symmetry Communications System. In this position, I was responsible for the
software architecture for core SGSN (Serving GPRS Support Node) and GGSN
(Gateway GPRS Support Node) products for the GPRS (Generic Packet Radio
Services) market. I also held management responsibility for the Firmware,
Hardware, Performance, and Systems Engineering Groups.

12.  In2001, Ideveloped a business plan for building network infrastructure
for Institute of Electrical and Electronics Engineers (“IEEE”) 802.11 standard (“Wi-
Fi”) enterprise networks, and then later that year founded AirFlow Networks, Inc.
where I invented and received eleven patents on a distributed antenna system design
for wireless networks, based on the 802.11 wireless local area network specification.

13. I am currently the President of Protocomm Systems, LLC and Bims
Laboratories, LLC, both of which I founded. As the President of Bims Laboratories,

I perform technical research in wireless technology standards, such as UMTS,

LTE/4G, 5G, Wi-Fi, Bluetooth, and other network communication protocols. I am
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named as an inventor of twenty-three telecommunications related patents.

14.  Inaddition, I am a named Technical Expert and former Vice-Chair and
Secretary of the IEEE 802.16 Working Group, which develops technical standards
for the wireless protocol commonly known as WiMax. I am also a voting member
of the IEEE 802.11 Working Group (which develops technical standards for WiF1i),
and the IEEE 802.15 Working Group (which develops standards for a variety of
specialty wireless networks). Within the IEEE 802.15 Working Group, I am the
technical editor for IEEE 802.16t, an amendment to the WiMAX standard that
supports long-range wireless networks for the railroad industry. Within the IEEE
802.11 Working Group, I routinely participate and vote on discussions relating to
the design of wireless communications, including packet prioritization,
transmission, acknowledgment, and retransmission.

15. Attached as Appendix A is my curriculum vitae, which includes a more
detailed statement of my professional qualifications, including education,
publications, honors and awards, professional activities, consulting engagements,

and other relevant experience.

III. Materials Considered

16. As described in more detail below, based on my experiences, |
understand and know the capabilities of a person of ordinary skill in the art of the

’386 patent in August 2004, when the provisional application to which the *386
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patent claims priority was filed. I have relevant personal knowledge and experience,
in addition to working directly with many such persons in these fields during that
time frame.

17.  Thave also relied on my review and analysis of the prior art cited in the
Petition, information provided to me in connection with this case, and information I
have independently reviewed.

18. In forming my opinions, I have been asked to review the *386 patent
including the specification and the Challenged Claims. I have also considered the
materials cited herein, including those itemized in the Table of Exhibits that precedes
this declaration.

19. My opinions are based on the materials I reviewed and my knowledge
and professional judgment. My opinions have also been guided by my understanding
of how a person of ordinary skill in the art would have understood the claims of the
’386 patent in the relevant time frame.

20. I also understand from counsel that the prior art references cited herein
qualify as prior art under U.S. law.

21. In my analysis below, emphasis in my citations has been added unless
otherwise noted. Likewise, annotations to images and figures (typically highlighting

of various colors) has been added unless otherwise noted.

22. Ireserve the right to supplement and amend any of my opinions in this
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declaration based on documents, testimony, and other information that becomes

available to me after the date of this declaration.

IV. Legal Standards

23. I amnot a lawyer. My understanding of the legal standards to apply in
reaching the conclusions in this declaration is based on discussions with counsel for
Petitioner, my experience applying similar standards in other patent-related matters,
and my reading of the documents submitted in this proceeding. In preparing this
declaration, I have tried to faithfully apply these legal standards to the challenged
claims.

24. 1 have been informed that there are two ways in which prior art may
render a patent claim unpatentable. First, I have been informed that the prior art can
“anticipate” a claim. Second, I have been informed that the prior art can render a
claim “obvious” to a person of ordinary skill in the art. I understand that a claim is
patentable if it was not anticipated and would not have been obvious by the prior art
at the effective filing date of the patent. In this declaration, I only address
obviousness.

25. Thave been informed that a dependent claim is a patent claim that refers
back to another patent claim. I have been informed that a dependent claim includes
all of the limitations of the claim to which it refers.

26. I have been asked to provide my opinions as to whether the cited prior
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art renders obvious the Challenged Claims of the 386 patent from the perspective
of a person of ordinary skill in the art at the *386 patent’s earliest possible effective
filing date in August 2004, as described in more detail below.

27. I have been informed that in inter partes review proceedings, such as
this one, the party challenging the patent bears the burden of proving unpatentability
by a preponderance of the evidence. I understand that a preponderance of the
evidence means “more likely than not.”

28. For purposes of this declaration, I have been asked to provide my
opinions on issues regarding unpatentability. [ have been informed of the following

legal standards, which I have applied in forming my opinions.

A. Level of Ordinary Skill

29. I understand that my assessment of the claims of the 386 patent must
be undertaken from the perspective of what would have been known or understood
by a person having ordinary skill in the art, reading the *386 patent on its priority
date and in light of the specification and file history of the *386 patent. I will refer
to such a person as a “POSITA.”

30. Tunderstand that my analysis and opinions expressed in this declaration
must be rendered based on the perspective of a POSITA as of the priority date of the
’386 patent. I also understand that a POSITA is a hypothetical person who is

presumed to know the relevant art at the time of the alleged invention claimed in the
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’386 patent.

31.  Ifurther understand that in determining the level of ordinary skill in the

art, [ am to consider factors including:

¢ the type of problems encountered in the art or field of invention,
e prior art solutions to those problems,

e the rapidity with which innovations are made,

e sophistication of the technology, and

o the educational level of active workers in the field.

32. I have been instructed to assume a person of ordinary skill in the art is
not a specific real individual, but rather a hypothetical individual having the qualities
reflected by the factors discussed above.

33. I understand that a POSITA is a person of ordinary creativity, but not
an automaton, and that a POSITA can often fit multiple patents or prior art references
together like pieces of a puzzle as a result of this ordinary creativity. 1 also
understand that I may consider the inferences and creative steps that a POSITA
would employ. In addition, I understand that a POSITA would necessarily have been
capable of understanding the scientific and engineering principles applicable to the
pertinent art. I also understand that when I consider what would have been obvious
to a POSITA, I am not considering what would have been obvious to me at the time,

nor to the inventors, judges, laymen, those skilled in other arts, or to geniuses in the
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B. Prior Art

34. 1 have been advised and understand that the information used to
evaluate whether an invention was new and not obvious when made is generally
referred to as “prior art.” I understand that prior art includes patents and printed
publications that existed before the earliest claimed priority date or the earliest filing
date of the patent (which I have been informed is also called the “effective filing
date™).

35. I have been informed and understand that a patent or published patent
application is prior art if it was filed before the effective filing date of the claimed
invention.

36. I have also been informed and understand that a printed publication is
prior art if it was publicly available before the earliest filing date and could be located
by a POSITA exercising reasonable diligence.

C. Anticipation

37. I understand that a patent is invalid as anticipated if each and every
feature of the claim is found, expressly or inherently, in a single item of prior art. |
understand that anticipation by inherent disclosure is appropriate only when a prior
art reference necessarily includes or discloses the unstated claim element. I also

understand that the discovery of a new or previously unreported or unappreciated
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property of a prior art composition, or of a scientific explanation for how a prior art
composition operates, does not make the prior art composition patentably new to the
entity or person that discovered the new property or mode of operation. I further
understand that there is no requirement that a POSITA would have recognized the
inherent disclosure at the time of the invention.

38.  For anticipation by a prior art publication or document, I understand
that the reference’s description must enable a POSITA to practice the claimed

invention without undue experimentation.

D. Obviousness

39. Tunderstand that a claim may be invalid if the subject matter described
by the claim as a whole would have been obvious to a POSITA in view of a prior art
reference, or in view of a combination of references at the time the claimed invention
was made. Therefore, I understand that obviousness 1s determined from the
perspective of a POSITA, and that the asserted claims of the patent should be read
from the point of view of such a person at the time the claimed invention was made.
I further understand that a POSITA is assumed to know and to have all relevant prior
art in the field of endeavor covered by the patent in suit and all analogous prior art. |
understand that obviousness in an inter partes review proceeding is evaluated using
a preponderance of the evidence standard, which means that the claims must be more

likely obvious than nonobvious.

10
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40. Talsounderstand that an analysis of whether a claimed invention would
have been obvious should be considered in light of the scope and content of the prior
art, the differences (if any) between the prior art and the claimed invention, and the
level of ordinary skill in the pertinent art involved. I understand as well that a prior
art reference should be viewed as a whole. I understand that in considering whether
an invention for a claimed combination would have been obvious, I may assess
whether there are apparent reasons to combine known elements in the prior art in the
manner claimed in view of interrelated teachings of multiple prior art references, the
effects of demands known to the design community or present in the marketplace,
and/or the background knowledge possessed by a POSITA. I also understand that
other principles may be relied on in evaluating whether a claimed invention would

have been obvious, and that these principles include the following:

e A combination of familiar elements according to known methods is likely
to be obvious when it does no more than yield predictable results;

e When a device or technology is available in one field of endeavor, design
incentives and other market forces can prompt variations of it, either in the
same field or in a different one, so that if a POSITA can implement a
predictable variation, the variation is likely obvious;

e If a technique has been used to improve one device, and a POSITA 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;

e An explicit or implicit teaching, suggestion, or motivation to combine two
prior art references to form the claimed combination may demonstrate

11
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obviousness, but proof of obviousness does not depend on or require
showing a teaching, suggestion, or motivation to combine;

e Market demand, rather than scientific literature, can drive design trends and
may show obviousness;

e Oneofthe ways in which a patent’s subject can be proved obvious is by noting
that there existed at the time of invention a known problem for which there
was an obvious solution encompassed by the patent’s claims;

e 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,;

e “Common sense” teaches that familiar items may have obvious uses beyond
their primary purposes, and in many cases a POSITA will be able to fit the
teachings of multiple patents together like pieces of a puzzle;

e A POSITA is also a person of ordinary creativity, not an automaton;

e A patent claim can be proved obvious by showing that the claimed
combination of elements was “obvious to try,” particularly when there is a
design need or market pressure to solve a problem and there are a finite
number of identified, predictable solutions such that a POSITA would have
had good reason to pursue the known options within his or her technical
grasp; and

e One should be cautious of using hindsight in evaluating whether a claimed
invention would have been obvious.

41. I have been informed that the relevant time for considering whether a
claim would have been obvious to a person of ordinary skill in the art is the time of
invention. For my obviousness analysis, counsel for Petitioner instructed me to
assume that the effective filing date is August 2, 2004, and that I should assume this
is the date of invention for the Challenged Claims. My opinions would not change

1f I assumed a later date of invention.

12
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V. Claim Construction

42. 1 understand that claim terms in an IPR are generally interpreted
according to their ordinary and customary meaning. I further understand that the
claims are read in light of the patent’s specification and that claims themselves often
provide significant guidance as to the meaning of a particular term. I also understand
that extrinsic evidence may be helpful when construing a claim term, but that it is
less relevant than the intrinsic evidence and is often unreliable.

43.  The prior art discussed herein would disclose the Challenged Claims
under any reasonable constructions, and thus, I believe no formal claim

constructions are required.

VI. The 386 Patent
A.  General Overview and Background Concepts

44. The ’386 patent relates to OFDM wireless communications and
processes used in the context of OFDM. OFDM is many decades old.
45. For example, a Prasad textbook from 2000 illustrates an example of an

OFDM transceiver:

13



Patent No. 11,431,386 Declaration of Harry V. Bims, Ph.D.
IPR2025-00899
A\

data mapping insertion paralle] 10 serial :)slcnsio.n and
. windowing

L | RFTX k— DAC
_Binar)’ Pil Add cyclic J
npul_yl Coding ™ Interleaving {—» QAM Ly 7" ot > Seralto | —I_' Parallel | ]

—p| IFFT (TX)

Binary FFT (RX)
output Re I

; . . QAM Channel Parallel Serial 1o move cyclic
data 4— Decoding f[e—{Deinterleaving fe—] demapping * correction [ 1o serial - paralle] 1 extension

Frequency

Symbol timing | corrected
signal
Timing and
RFRX [—| ADC [ frequency

synchronization

EX1015-Prasad, 48.

46. OFDM signals are formed at a transmitter using an inverse Fourier
transform. It was typical to implement such an inverse transform using a
computationally efficient technique called an inverse fast Fourier transform
(“IFFT”). EX1015-Prasad, 42, 47-48.

47.  After the IFFT, a guard interval including a cyclic prefix was also
typically added to minimize intersymbol interference (“ISI”) and intercarrier
interference (“ICI”’). EX1015-Prasad, 39-40.

48. OFDM signals are received and processed at a receiver using reverse
operations compared to the transmitter. For example, where the IFFT of the
transmitter modulates data onto subcarriers, the receiver uses an FFT to demodulate
the subcarriers. Similarly, the transmitter typically performs other actions including

coding, interleaving, and adding a cyclic prefix while the receiver conventionally

14
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performs opposite actions on the data from the transmitter, including removing the
cyclic prefix, deinterleaving, and decoding. EX1015-Prasad, 47-48.

49. It was also well known that OFDM systems suffer from high peak-to-
average power ratios (“PAPR” or “PAR”). EX1013-Rohling, 1780; EX1014-
Weinstein, 31-32. The *386 patent purports to reduce PAPR in OFDM systems by
spreading input data using complex-valued codes, referred to as “Cl codes” or
“orthogonal polyphase CI codes” obtained from a discrete Fourier transform
(“DFT”). EX1001-386 Patent, 48:55-59, 49:3-8, 68:5-40, FIGs. 29A-29B. In the
’386 patent, “CI” is short for “Carrier Interferometry.” Id. CI codes include DFT
spreading codes, which can be used to reduce PAPR. EX1001-386 Patent, 68:37-40
(“Since rows and columns of the basic CI code matrix resemble the vectors of
complex values used in DFTs, the subcarrier weights w;to wycan be calculated
using a fast transform algorithm.”).

50. This, too, was known to persons of ordinary skill in that art
(“POSITAs”) that OFDM systems exhibited high PAPR, and techniques for
reducing that high PAPR were known in the technical literature, including some of
the references relied on herein. Indeed, various publications described using DFT
spreading codes to reduce PAPR in OFDM systems years before the earliest claimed

effective filing date of August 2, 2004 associated with the 386 patent.

51. For example, in 1998, Briininghaus (EX1016) observed that when an
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“FFT matrix” is used “as a spreading matrix for OFDM-CDM” signals, this “leads
to a single-carrier system with guard interval.” EX1016-Briininghaus, 2332.

52.  Similarly, in 2000, Bury (EX1007) explains that “Fourier spreading”
can be “implemented by a discrete Fourier transform (DFT) operation” and the
resulting transmission can have a “much lower” PAPR. EX1007-Bury, 857.

53.  And by 2002, Galda (EX1004) had built on Briininghaus’s work to
show “how an OFDM-FDMA uplink system can be combined with a user data
spreading technique based on the DFT spreading matrix to reduce the PAR of the
uplink signal without increasing the computational complexity of the transmitter.”
EX1004-Galda, 1738; see also 1741 (identifying reference [3] as the Briininghaus
reference, EX1016 herein).

54. The ’386 patent’s independent claims are generally directed to
methods, apparatuses, and computer program products for receiving an OFDM
signal transmitted by a user device in a wireless network, including determining
subcarriers assigned to the user device, converting the OFDM signal to
frequency-domain values, and decoding those frequency-domain values to recover
data symbols encoded by the user device. EX1001-386 Patent, claims 1, 10, 19. The

claimed decoding step uses codes that are “inverse to, complex-conjugate of, or

complementary to” the codes utilized by the user device (e.g., on the transmitter

side). /1d.
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55.  FIG. 28B “illustrates a CI reception method and apparatus™:
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FIGURE 28B

EX1001-386 Patent at FIG. 28B and 7:2. The first “receiver step” initially processes
the signal received from the transmitter. Next, the signal is converted from a time-
domain signal to a frequency-domain signal and filtered. The frequency-domain
signal is then converted from the frequency-domain to the time-domain, and
optionally equalized. The ‘386 patent notes that “a CI decoder may include an
equalizer.” The final “Decision” block in the FIG. 28B diagram includes “recovering

symbols,” which is also referred to in the *386 patent as estimating the data originally
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encoded by the transmitter. EX1001-386 Patent, 67:27-48; 31:38-39; 64:13-15;
66:24-30; 67:65-67.

56. A POSITA would have been familiar with these receiver operations in
wireless communications. For example, Galda describes a wireless communication
system that includes a transmitter side (“Mobile Terminal”) that processes a signal

for transmission and a receiver side (‘“Base Station”) that performs reverse

processing of the signal, as shown in Fig. 1:
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Fig. 1. Baseband system model for the OFDM-FDMA uplink with individual
spreading of user data

EX1004-Galda, Fig. 1. On the left of the diagram, the transmitter processes user data
symbols (denoted by “DT(:?)” in Fig. 1) by spreading the data symbols with a DFT,

FDMA-Mapping the spread data symbols, using an IFFT to modulate the spread data
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symbols onto subcarriers, etc. On the right of the diagram, the receiver processes the

signal from the transmitter by using an FFT to split the signal into subcarrier
channels, FDMA-Mapping, equalization, etc., to recover / estimate the user data
symbols (denoted by symbols “D{™ in Fig. 1). EX1004-Galda, 1738-40; see also
Fig. 6(a).

57.  Thus, a POSITA would have been familiar with OFDM signal receiver

methods to process signals and recover user data transmitted in a network.

B. Prosecution History and Effective Filing Date

58. I provide a very brief background on the prosecution history below, as
it relates to the 386 patent.

59. A provisional patent application number 60/598,187 was filed on
August 2, 2004. The other patent applications in the chain, 14/727,769, 14/276,309,
12/545,572, and 11/187,107 all include claims about inventions concerning
cooperative networking or procedures involving more than one wireless terminal
working with one or more other wireless terminals. Application number 17/105,576
was filed on November 26, 2020, and eventually issued as the 386 patent.

60. Because the references relied on in the accompanying IPR petition and
in this opinion are dated before the earliest provisional patent application date in
August 2004, I have not been asked to opine on whether the *386 patent claims are

supported in the original provisional patent application or any of the other patent
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applications in the chain.

C. The Challenged Claims
61. The Challenged Claims of the *386 patent are claims 1-3, 5-8, 10-12,

14-17, 19-21, and 23-26. Claims 1, 10, and 19 are independent claims.

D. Person of Ordinary SKkill in the Art (“POSITA”)
62. A POSITA in the August 2004 time frame would have had either a

Master’s degree in electrical engineering or a related field, or a Bachelor’s degree in
electrical engineering or a related field with three years of experience in wireless
communication systems, signal processing, and related technologies. A POSITA
would have been familiar with the use of Orthogonal Frequency Division
Multiplexing (OFDM) and Orthogonal Frequency Division Multiple Access
(OFDMA) in evolving wireless communication standards and 3GPP standards.
Techniques including discrete Fourier transform (“DFT”) spreading, modulation
comprising the use of inverse discrete Fourier transforms (“IDFT”), and cyclic
prefix/guard interval insertion would have been well known to a POSITA.

63. A POSITA would have recognized that DFT-spreading was used to
reduce peak-to-average power ratio, including as compared to other spreading codes
like Walsh-Hadamard codes, as detailed further with respect to the prior art
discussed herein.

64. Additional techniques and tools understood by a POSITA are discussed
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in this Declaration.

65. I have also been asked whether the level of ordinary skill in the art
changes if the effective filing date is later—such as in 2020. In my opinion the level
of ordinary skill of a POSITA would, if anything, be higher based on advances in
technology. But, for the purposes of the opinions I provide in this declaration, the

level of skill in the art would not change in any ways material to my opinions.

VII. Overview of the Prior Art

66. lunderstand that the Petition addresses the following grounds, of which
Ground 1 is based on anticipation and Grounds 2 through 4 are based on

obviousness. As noted above, my opinion only addresses obviousness.

Ground ’386 Patent Claim Basis
Grounds 1-2 1-3, 5-8, 10-12, 14- International Publication No. WO
17,19-21, and 23-26 | 2002/054537 A1 (“Shattil-537”)
Ground 3 1 and 6-8 Galda in view of Briininghaus
Ground 4 10, 15-17, 19, and 24- | Galda in view of Briininghaus and
26 Dowling

67. 1 provide a brief overview of the prior art references identified in the
Petition below.

A.  Shattil-537 (EX1099)

68. Shattil-537 1s an International Application Publication that was

published on July 11, 2002. EX1099-Shattil-537, cover.
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69. Shattil-537 describes a system and method for performing carrier
interferometry (also referred to as “CI”) using CI codes that “include families of
orthogonal polyphase codes.” EX1099-Shattil-537, Abstract; 1:6-8 (“The present
invention relates to Carrier Interferometry (CI). More specifically, the invention
relates to applications of CI to multicarrier processing, such as Fourier transforms
and coding.”). Shattil-537 explains that CI symbols can include codes derived from

a Fourier transform. /d., 24:15-20. Weights (also referred to as CI symbol values)

can be applied to data symbols as shown in FIG. 22:

%0 _-__SE_QK_ZZOI 52 () sn-1 ()
w1 =2Z() 200N (-1) 2 0E)N-1) 22 (o)1) 27 (-1(0)(N-1)
o) | el 04 on T ey )
Wy =E(): | 1 @O gelD 4 el PV |

W3 = Z( ): ei2::(0X2)/{N—l] e;'z;r{l)(z),{(NA}

e Y

Wy = E( ): eiz:w(ﬂ}(N—l]/(N—I] i2x(1)(v-1)/(N-1) eizsw(z)[N—l),{(N—l) eiz:r(N—l)(N—l)}(N—l)

EX1099-Shattil-537, FIG. 22.

70.  This figure appears to include a typographical error. The same figure
was present in at least some of applications related to the *386 patent. In those other
applications, a document was submitted to the Patent Office to fix an error in the

denominator of the exponent term. Namely, “N-1" should be “N” as indicated in
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these other documents. See EX1102-COC Req for 468 Patent, 14; EX1100-COC
Req for 758 Patent, 7; EX1101-COC Req for 568 Patent, 12; EX1103-COC Req for
492 Patent, 3. The Patent Owner represented that the changes are typographical and
do not add new matter. Therefore, this Figure should be interpreted as illustrating
DFT coefficients, which typically have a denominator “N” instead of “N-1".

71.  Shattil-537 also describes applying various “CI Parameters” including
“Carrier Selection,” and “Carrier Spacing” to the CI transceiver to adapt the
operation of the transceiver. EX1099-Shattil-537, 19:20-24, 20:8-9. Shattil-537
describes adjustable carrier spacings and also describes the relationship between
carrier spacing and symbol duration:

e “A number of N samples are represented by equally spaced time
intervals, such as A¢/ and A4¢2, corresponding to integer multiples of a
desired waveform’s period 75 = 1/f,.” EX1099-Shattil-537, 8:19-20.

e “A process for separating a received signal into orthogonal waveforms
may utilize knowledge of carrier separations f; (and, thus, Ty = 1/f;)
of a transmitted multicarrier signal.” EX1099-Shattil-537, 8:12-14.

e “The symbol interval T is provided with respect to the relationship Ts
= 1/f; such that at least one data symbol on at least one carrier can be
separated from interfering data symbols on one or more carriers that are

orthogonal to the desired carrier(s).” EX1099-Shattil-537, 10:8-10.
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e “[T]he selector/accumulator 1004 may control symbol duration T (i.e.,
carrier separation f;).” EX1099-Shattil-537, 14:29-30, FIG. 14.

72.  Shattil-537 discloses transceivers and receivers that can receive and

process CI signals, such as the CI transceiver shown in FIG. 24:

2401 2411 2421 2422
[ [ [ %
Info Coder/ Modulator Tx
Source || Mterleaver [~ e > AWGN/
Multipath
Channel
Info Decoder/De- De- Rx
Processor 1 Interleaver [ modulator < <

2436J 2435J 2425j 24243

FIG. 24
EX1099-Shattil-537, FIG. 24.

73. In relation to FIG. 24, Shattil-537 explains: “A receiver 2424 couples
the transmitted signals from the channel 99. A demodulator 2425 retrieves symbols
from the received signal. A CI decoder/de-interleaver 2435 decodes (and de-
interleaves, if necessary) the received symbols into information symbols that are
optionally processed in an information processor or sink 2436.” EX1099-Shattil-
537, 27:26-30.

74.  Shattil-537 is analogous to the ’386 Patent because both relate to
“Carrier Interferometry,” which includes the ability to select subcarriers to achieve

a predetermined spectral response. EX1001-386 Patent, 48:55-61; EX1099-Shattil-
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537, 1:6-8. But for the typographical error discussed above (“N” instead of “N-1"" in
the denominator), Shattil-537 and the *386 patent show how polyphase CI codes are

applied to subcarriers to generate “weights” in essentially the same way:
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___________ ]
FIGURE 29B _ FlG. 22

EX1001-386 Patent, FIG. 29B; EX1099-Shattil-537, FIG. 22.

75.  Therefore, Shattil-537 and the ’386 patent are in the same field and
Shattil-537 is reasonably pertinent to problems that the inventor was allegedly
seeking to solve. This is because Shattil-537 describes the use of the same techniques

on multicarrier signals as the 386 Patent.

B. Galda (EX1004)

76. Galda is an article published in proceedings for the IEEE’s 55™
Vehicular Technology Conference. The papers published in these proceedings were
available by at least May 6, 2002, as well as during the conference (between May 6
and 9, 2002) for review and purchase. EX1059-Swatzell-Decl. In particular, 1
understand from counsel that the conference proceeding papers were distributed to

attendees at the conference, the conference was open to the public, there were no

25



Patent No. 11,431,386 Declaration of Harry V. Bims, Ph.D.
[PR2025-00899
confidentiality restrictions, and the papers were available for review and purchase
there as well. I understand this means that Galda qualifies as prior art. I also
understand that the Galda reference itself was available in engineering libraries by
at least June 26, 2002, as well as available from the IEEE website by at least August
7, 2002. I also understand that Galda was cataloged and categorized by subject
matter, including “mobile communication systems.” This categorization would have
enabled a POSITA interested in wireless communication systems, signal processing,
and related technologies to find Galda through reasonably diligent search efforts.
Thus, I understand that Galda qualifies as prior art.

77.  Galda discloses an OFDM transmitter that reduces PAPR (PAR) using
“OFDM-FDMA multiple access ... combined with a data spreading technique based
on a Discrete Fourier Transform spreading matrix using only the user specific

subcarriers.” EX1004-Galda, 1737. In addition to being shown in Figure 1, Galda’s

transmitter is illustrated in Fig. 6(a).
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EX1004-Galda, 1738, 1740.

78. Galda also discloses receivers and receiver functions. For example,
Galda notes that a receiver can process a “received time signal,” i.e., a signal in the

time domain, “by ... calculating the Fourier transformation (FFT) which splits the

time signal into the orthogonal subcarrier channels and finally selecting the user

specific complex valued symbols Rl(m) at the FFT output.” “An estimate of data

symbols ﬁfm) can then be calculated independently for each user by applying any
single- or multi-code detection techniques.” Galda describes these techniques as
“well known from OFDM-CDMA receiver structures.” EX1004-Galda, 1738-39.
79.  Galdais analogous art to the 386 Patent because it relates to techniques
for receiving an OFDM signal that is transmitted by a mobile device in a wireless
network and that uses “complex values used in DFTs” to spread data symbols before
OFDM modulation. EX1001-386 Patent, Abstract, 68:37-40; EX1004-Galda, 1737-
1739, Fig.1. Like the *386 patent, Galda’s signal processing includes a receiver that
performs operations to reverse signal processing done in the transmitter. EX1004-
Galda, 1738-40; see EX1001-386 Patent, Abstract; see also 67:13-48, FIGS. 28A-
28B. Galda is also analogous because one of the problems facing the inventor was
“bandwidth limitations. EX1001-386 Patent, 8:40-42, 9:29-34. Galda addresses the

same problem. EX1004-Galda, 1737. Also, the 386 patent and Galda both reduce
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peak-to-average power ratios with DFT spreading code techniques. EX1001, 48:55-
59; EX1004, pp.1737, 1738, 1741; EX1002, 9977, 79.

C.  Briininghaus (EX1016)

80. Briininghaus is a conference paper from the 48" IEEE Vehicular
Technology Conference held in May 1998. EX1016-Briininghaus, 1. Exhibit 1016
was obtained from the Linda Hall Library. EX1012-Ellis-Decl, 472. It was cataloged
into that library as of July 16, 1998. EX1012-Ellis-Decl, §75. It was cataloged by
subject matter including “Mobile communication systems $v Congresses,” which
would have been sufficient to allow for a POSITA to locate Briininghaus based on
subject matter. EX1012-Ellis-Decl, §77. As a further indication of its accessibility
to those skilled in the art, Briininghaus has been cited in other scholarly works.
EX1073-Gusmao, 1305 (reference [7]); EX1004-Galda, 1741 (reference [3]);
EX1007-Bury, 860 (reference [4]). Briininghaus is thus prior art under pre-AlA
§102(b) or post-AIA §102(a)(1).

81.  Briininghaus describes that “[t]he combination of orthogonal frequency
division multiplexing (OFDM) and code division multiplexing (CDM) has found
great interest during the last few years.” EX1016-Briininghaus, 2329. Briininghaus
also discloses that “[s]ince the single-carrier system which results from an OFDM-
CDM system with Fourier spreading matrix is a special case of an OFDM-CDM

system, the same detection algorithms can be applied and the same performance can
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be expected.” EX1016-Briininghaus, 2330. “In case of a Fourier spreading matrix,

despreading in the receiver is achieved by an inverse Fast-Fourier matrix, i.e. [H]? =
[IFFT].” EX1016-Briininghaus, 2330.

82.  Briininghaus is analogous to the *386 patent’s techniques for receiving
an OFDM signal that was transmitted by a mobile device in a wireless network,
including using “columns of a Fourier matrix” to spread the data symbols before
OFDM modulation. EX1001-386 Patent, Abstract, 68:37-40; EX1016-Briininghaus,
2329, 2332. Briininghaus is also analogous because one of the problems facing the
inventor was to reduce PAPR (peak-to-average power ratio) in OFDM systems,
including by using DFT spreading codes, EX1001-386 Patent, 48:55-59, 68:35-40,
and Briininghaus describes a problem in OFDM as being “a high dynamic which
requires a linear power amplifier in the transmitter” and a solution of “reduc[ing] the

signal dynamic” with a “Fourier-matrix” for spreading, EX1016-Briininghaus, 2330.

D. Dowling (EX1042)

83. Dowling is U.S. Patent No. 6,597,745, which was filed on April 6, 1999
and issued July 22, 2003. EX1042-Dowling, cover. I understand Dowling qualifies
as prior art.

84. Dowling discloses multicarrier modulation and OFDM systems that
may be implemented as software modules. Such modules execute on programmable

processor architectures; in other words, transmitters, receivers, and precoders may
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be implemented in either hardware or software. EX1042-Dowling, 3:46-50, 5:66-
6:1.

85. Dowling is also analogous art to the *386 patent at least because both
are in the field of wireless communications, and more specifically relate to
multicarrier systems. EX1042-Dowling, Abstract, 1:6-12 (“field” relates to “data
transmission,” more specifically to a “precoder” for multicarrier (e.g., OFDM)
systems, as well as related “multi-carrier transmitter and receiver structures™), 21:62-
64 (invention “applied to other FFT based multicarrier modulation and OFDM
systems.”); see EX1001-386 Patent, 48:55-60 (“aspects provide a multicarrier
protocol™); 49:3-8 (“communication protocol that ... provides the low-PAPR

benefits of single-carrier modulation to multicarrier communication systems™).

VIII. GROUNDS 1 and 2: 1-3, 5-8, 10-12, 14-17, 19-21, and 23-26 are
(Ground 1) anticipated by or (Ground 2) obvious over Shattil-537

A.  Challenged Claims
1. Independent Claim 1

[1Pre] “A method for receiving an Orthogonal Frequency Division Multiplexing
(OFDM) signal transmitted by a user device in a wireless network, comprising:”

86.  Shattil-537 teaches the preamble.
87.  Shattil-537 discloses: “CI filtering may be performed by receivers
designed for multicarrier transmission protocols, such as OFDM[.]” EX1099-

Shattil-537, 8:26-29; see also 1:29 (“CI may also be applied to orthogonal frequency
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division multiplexing.”). Shattil-537 also claims “[a] method of performing CI
processing of at least one received single-carrier signal ... including ... providing
for decomposition of the at least one received single-carrier signal into a plurality of
CI components ....” EX1099-Shattil-537, 36:17-21; see also 5:16-18 (defining “CI
Components” to be “CI carriers or CI symbol values,” the latter of which “are
complex values (or weights) for a plurality of CI carriers™), 17:31-18:3 (“FIG. 15C
illustrates a CI reception method.”), 21:20-21 (“CI codes may be applied to ...
OFDM ....”), 21:29-31 (“Multicarrier signals may be defined by any set of
substantially orthogonal diversity parameters” such as “frequency....”).

88.  Shattil-537’s reception methods include receiving OFDM signals
transmitted by a user device in a wireless network. For example, Shattil-537
describes a “ClI transmitter adapted to generate at least one Cl-coded information
signal,” that can then be “coupled to a transmission system 2102 that may include a
pre-transmission processor (not shown),” EX1099-Shattil-537, 24:30-34, and
describes “the many wireless applications of the invention” as including “cellular
communications,” EX1099-Shattil-537, 2:20-21. A POSITA would have understood
that such cellular communications applications include transmitters on user cellular
phones, which correspond to “a user device in a wireless network” as stated in 1Pre.

Cellular phones were “becoming ubiquitous™ by the earliest claimed effective filing

date of the 386 patent of August 2, 2004. EX1108-Jacobsen, 399 (“cellular phones
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... are becoming ubiquitous™)). Therefore, it would have been obvious to implement

the CI techniques described by Shattil-537 in a transmitter within a user device.
89.  Thus, Shattil-537 teaches the preamble.

[1A] “determining a plurality of subcarrier frequencies allocated to the user

[ )]
device;

90.  Shattil-537 teaches this limitation.

91. Shattil-537 discloses a process it calls “[c]arrier selection,” which is an
example of determining subcarrier frequencies. Shattil-537 explains that carrier
selection can be performed on the transmitter side or on the receiver side: “Carrier
selection may include either or both transmit-side carrier selection with respect to
one or more predetermined CI carrier parameters to generate at least one transmit
signal and receive-side carrier selection to decompose at least one signal into CI
components.” EX1099-Shattil-537, 5:8-10.

92.  Shattil-537 describes the process of “decomposing a single-carrier
signal into a plurality of component values representing overlapping narrowband
carrier signals” as including using a “predetermined time interval” called “7;”
(referred to as the “sample period” by Shattil-537) to specify “a set of orthogonal
frequencies f,.” EX1099-Shattil-537, 16:25-31; see also 9:32-33. This is an example
of how Shattil-537 performs a step of determining (i.e., selecting) a plurality of

subcarrier frequencies.
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93. In another example, Shattil-537 explains that: “A received signal is
decomposed 1504 into a plurality of CI carriers. Carrier properties, such as
frequency selection, frequency spacing, and complex weighting are selected, at least
in part, with respect to the channel estimates.” EX1099-Shattil-537, 17:17-19. A
POSITA would find it obvious that carrier frequency selection would include
selection of subcarrier frequencies. For example, Shattil-537 also notes that “[e]ach
carrier may be modulated with one or more CI code chip encoded subcarriers.”
EX1099-Shattil-537, 21:26-27. Therefore, selecting the carrier / subcarrier
frequencies as disclosed in Shattil-537 is an example of “determining a plurality of
subcarrier frequencies” as in Limitation 1A.

94. The subcarrier frequencies that are selected in Shattil-537’s are
“allocated to the user device” because the transmitter and receiver are used to
identify “desirable and/or undesirable spectral regions,” which includes ““a spectral
range 1412 allocated to another user, application, or system.” EX1099-Shattil-537,
17:6-7, 17:16-17, 16:35-17:2. Shattil-537 describes multicarrier transmission
involving “phase-shift coding [that] may be accomplished” by modulating “[e]ach
carrier ... with one or more CI code chip encoded subcarriers.” EX1099-Shattil-537,
21:20-27.

95. Therefore, a POSITA would have understood that the determination of

the subcarriers, as described in Shattil-537, determines the subcarriers “allocated to
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the user device” because it excludes subcarriers that are “allocated to another user,
application, or system” at the receiver. EX1099-Shattil-537, 16:35-17:2.

96. Thus, Shattil-537 teaches this limitation.

[1B] “converting the OFDM signal to a plurality of frequency-domain values
corresponding to the plurality of subcarrier frequencies; and”

97.  Shattil-537 teaches this limitation.

98.  Shattil-537 discloses that “CI may also be applied to [OFDM]” and “N-
point transforms used in OFDM, such as fast Fourier transforms (FFTs) and inverse
FFTs (IFFTs), essentially map one set of data symbols onto another set of data
symbols.” EX1099-Shattil-537, 1:29-31. This is an example of “converting the
OFDM signal to a plurality of frequency-domain values.” This is shown in further
detail in connection with Shattil-537’s Figure 18, which shows “[r]eceived signals”
(“Rx 1&Q,” referring to in-phase and quadrature-phase signals) that “are separated
into orthogonal components by an FFT processor 1821.” EX1099-Shattil-537,

19:25-26.
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rlSll flSIO
i Encode/
TxI&Q <€— IFFT Interleave [<— Tx Data
1821 | 182 1323
i7| Optimal Decode/
Rx1&Q —>  FFT Combining > De- —> Rx Data
iy Interleave
Rx AGC =
Tx AGC -
FiG. 18

EX1099-Shattil-537, FIG. 18.

99.  Shattil-537 teaches that a FFT converts “a time-domain signal” x(#) into
a frequency-domain expression, X(f,). EX1099-Shattil-537, 11:7-18. Shattil-537
further explains that “[w]hen a signal is decomposed into carrier components, each
carrier frequency f, is associated with a complex-valued symbol v,. ... Fourier
transforms or equivalent operations may be performed.” EX1099-Shattil-537,
16:25-30. Thus, in Shattil-537, the OFDM time signal from the transmitter is
decomposed into frequency domain values in the form of “complex-valued
symbol[s] v,,” which correspond to the subcarrier frequencies, namely “each carrier
frequency f,, is associated with a complex-valued symbol v,,”. EX1099-Shattil-537,
16:25-30. These frequency domain values (complex-valued symbols (v,)) are
referred to in Shattil-537 as “CI symbol values,” which “are complex values (or

(13 929

weights).” Shattil-537 also sometimes abbreviate these values as “w” when
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describing the CI coding processes. EX1099-Shattil-537, 5:16-18; 25:18-36.

100. Thus, Shattil-537 teaches this limitation.
[1C] “decoding the plurality of frequency-domain values to recover a plurality of

data symbols encoded by the user device on the plurality of subcarrier
frequencies; and”

101. Shattil-537 teaches this limitation.

102. Shattil-537 explains that, as with typical OFDM systems, “[e]ach
transform of a transform pair provides the basis for mixing symbols together to form
a code that can be reversed by the complementary transform.” EX1099-Shattil-537,
1:31-33. For example, with reference to FIG. 18, Shattil-537 describes an
“Encoder/Interleaver software module 1810” in a transmitter and a complementary

“Decoder/De-interleaver 1823 in a receiver. EX1099-Shattil-537, 19:25-31:

1811 1810
I Encode/
Tx [&Q <€— IFFT ! | Interleave [<— Tx Data
1821 | 1822 1823
i7| Optimal
RxI&Q — FFT |{ | Combining Rx Data
Rx AGC
Tx AGC
FIG. 18

EX1099-Shattil-537, FIG. 18.

103. Shattil-537 discloses that “Cl-coded symbols may be decoded by
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correlating a coded signal with a complex-conjugate code.” EX1099-Shattil-537,
22:23-24. Therefore, a POSITA would recognize that Shattil-537’s decoder decodes
the frequency-domain values to recover data symbols that were encoded by the user
device on the subcarrier frequencies.

104. Shattil-537 describes more details about the decoding process with

reference to FIGS. 22 and 23. FIG. 22 illustrates a “relationship between CI symbol

values w, and data symbols s,.”

s0 () s1() /20 50 st ()
wi=2(): /200 (-1) : 2OV | ns()oy(N-) i 2r-10)N-1)
N I, I S
Wy = E( ): E efzx(o](ly(w—lj i ea‘Zx{]][l],’{N-E} i efzx(z)(ly(ﬁ-l) eiZ:r[N—l){l]f[N—]) i
I o e e e e e e e e e == of o A G e NS W G M e
W3 = 2( ) eizx[(l](z]f{!\f—l} : elzr[l;(z)f{!f—l} : etz:r(:;}[z);{nrq) ( e:!z:r(N—l]{i]j{N—l}
: | ' .
1
! : 2203
I 1
[ 1
; I
Wy = E( ): eiEsr[O}[N-ll-’{:N—l] : eiZk{I]{N—lMN—l} : efzz{z:l[N—l}f{N-—l] eizz(w-l][ﬂ-ly(ﬁ-n
L 1

EX1099-Shattil-537, FIG. 22.

105. This figure includes CI symbols in the form of weights w, on the left
that are the combination of a CI code (also referred to as “values derived from ... a
Fourier transform™) in the center of the matrix and the data symbol s, along the top
of the matrix. EX1099-Shattil-537, 25:18; 24:18-20. To decode the coded CI

symbols in the receiver, Shattil-537 explains: “Decoding may include any
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appropriate inverse of the coding operation represented by FIG. 22. For example, to
extract an n” data symbol value s,, from a vector of received CI symbol values w,
the complex conjugate of a vector of the n” phase space (or CI code) values w, may
be correlated with the received CI symbol vector w.” EX1099-Shattil-537, 25:33-36.

106. Thus, Shattil-537 “decodes the plurality of frequency-domain values”
in the form of “CI symbol values w,” which are also described as “complex values
(or weights),” or more generically, “complex-valued symbol v,.” This decoding
process recovers “a plurality of data symbols” in the form of “data symbol value[s]
s»,” which are encoded on the subcarrier frequencies by the user device / transmitter
using CI coding techniques and which are reversed by the receiver. EX1099-Shattil-
537, 26:4-19 (describing the process of processing “received CI symbols w;, to
produce data-symbol estimates 2301").

107. Thus, Shattil-537 teaches this limitation.
[1D] “wherein decoding employs a plurality of codes that are inverse to,
complex-conjugate of, or complementary to a set of complex-valued codes that
the user device employs to shape the OFDM signal into a superposition of cyclic-

shifted pulse waveforms that each has one of the plurality of data symbols
modulated thereon.”

108. Shattil-537 teaches this limitation.
109. Shattil-537’s user device uses a set of complex-valued codes to produce
the OFDM signal as set forth in this limitation. Then I will explain how the receiver

of Shattil-537 decodes the coded superposition signal.
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110. First, the transmitter of Shattil-537 uses “a set of complex-valued
codes” in the form of “[a] basic CI code c,,,” which shapes “the OFDM signal into a
superposition of cyclic-shifted pulse waveforms that each has one of the plurality of
data symbols modulated thereon.” Shattil-537 discloses: “The basic family of CI

codes is generated from an MxM matrix of elements having phases ¢@,,” and “[a]

basic CI code ¢, can include a row or column vector consisting of terms

N-1

. / . ~
Cm = elme Z elmnepn

n=0

where ¢=21/M and ¢'=2xf,/f;M.” EX1099-Shattil-537, 20:17-30.

111. Substituting 27/M for ¢, as described in Shattil-537, the term e™™"% is

i2Trmn

e M (m nbeing column/row matrix indices). After correcting for the typographical
error in the figure as noted above, this term resembles the “CI code chip values”

provided in Shattil-537’s FIG. 22:
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EX1099-Shattil-537, FIG. 22, 25:18-32.

112. Each data symbol along the top of the matrix (e.g., s¢()) is multiplied
by a vector of CI codes in the matrix to generate weights w; to wy (also referred to

in Shattil-537 as “complex-valued symbol v,” or “CI symbol values”). Shattil-537

thus shows “complex-valued codes” because of the presence of i in the codes, which

is the mathematical symbol for vV—1, making the codes complex-valued.

113. Shattil-537’s CI codes are used “to shape the OFDM signal into a
superposition of cyclic-shifted pulse waveforms that each has one of the plurality of
data symbols modulated thereon,” as stated in the limitation 1D. Shattil-537 explains
that: “Each code chip value is analogous to a complex weight applied to a particular
CI carrier. A superposition of these carriers produces a CI waveform bearing the data
symbol value s,,, such as a particular pulse position.” Shattil-537 continues: “A CI
superposition waveform bearing multiple data-symbol/pulse-position characteristics
can be created by applying weights to CI carriers that correspond to sums of carrier
weights for each data-symbol/pulse-position.” EX1099-Shattil-537, 25:24-29; FIG.
22.

114. Therefore, Shattil-537 describes generating a pulse waveform at “a
particular pulse position.” The “pulse waveform” at the particular pulse position has
one data symbol impressed thereon. EX1099-Shattil-537, 25:24-29; FIG. 22.

115. This is consistent with the *386 patent, which shows an example of how
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the waveforms are shaped in FIGS. 22A and 22B:
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FIGURE 22B

EX1001-386 Patent, FIGS. 22A-22B. As highlighted in FIG. 22A of the *386 Patent,
the columns of CI code chips correspond to cyclic-shifted waveforms.
116. Shattil-537 similarly says that the “CI code chip values are arranged in

columns with respect to phase spaces, such as phase space column (2201)” and that
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the phase spaces are “analogous to a pulse position.” EX1099-Shattil-537, 25:18-20.

117. After the weights are produced, they are OFDM modulated, such as by
the “IFFT 1811” of Shattil-537’s Figure 18 or the IFFT 2703 of Figure 27A. This
results in the production of a superposition signal, which can be wirelessly
transmitted. EX1099-Shattil-537, FIGS. 18, 27A, 19:20-24, 32:4-5.

118. Based on these disclosures, a POSITA would have recognized that
generating Shattil-537’s “CI symbols” that are “derived from at least one invertible
transform function, such as a Fourier transform” would produce “cyclic-shifted
pulse waveforms that each has one of the plurality of data symbols modulated
thereon.” A POSITA would have appreciated that the claimed waveform would
result from applying codes derived from a Fourier transform to data symbols
dicsussed by Shattil-537.

119. In Shattil-537’s receiver, the superposition signal created at the
transmitter is received decoding at the receiver “may include any appropriate inverse
of the coding operation....” EX1099-Shattil-537, 25:33. Shattil-537 explains that the
“inverse” can use complex-conjugate codes. For example, Shattil-537 states that
“Cl-coded symbols may be decoded by correlating a coded signal with a complex-
conjugate code.” EX1099-Shattil-537, 25:33; see also 22:23-24 (“Cl-coded symbols

may be decoded by correlating a coded signal with a complex-conjugate code.”).

Shattil-537 also discloses that “to extract an n” data symbol value s,, from a vector
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of received CI symbol values w, the complex conjugate of a vector of the n” phase

space (or CI code) values w, may be correlated with the received CI symbol vector
w.” EX1099-Shattil-537, 25:33-36. Therefore, a POSITA would have understood
that Shattil-describes receiving a CI-coded data symbol (or “weight” w) and using a
complex-conjugate code to recover the data symbol value s,. Therefore, Shattil-537
teaches that “decoding employs a plurality of codes that are inverse to, complex-
conjugate of ... the complex-valued codes that the user device employs,” as stated
in Limitation 1D.

120. Thus, Shattil-537 teaches this limitation.

121. Therefore, Shattil-537 teaches and renders obvious claim 1.

2. Independent Claims 10 and 19

[10Pre] “An apparatus for receiving an Orthogonal Frequency Division
Multiplexing (OFDM) signal transmitted by a user device in a wireless network,
the apparatus comprising:”

[10A] “at least one processor; and”

[10B] “a non-transitory computer-readable memory communicatively coupled to
the at least one processor, the non-transitory computer-readable memory
including a set of instructions stored thereon and executable by the at least one
processor for:”

[19Pre] “A computer program product for receiving an Orthogonal Frequency
Division Multiplexing (OFDM) signal transmitted by a user device in a wireless
network, the computer program product comprising a non-transitory computer
readable storage device having computer readable program code stored therein,
said program code containing instructions executable by one or more processors
of a computer system for:”

122. Shattil-537 teaches 10Pre, Limitation 10A, Limitation 10B, and 19Pre.
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These preambles and limitations all relate to computer implementation of the same
method as in claim 1.

123. Shattil-537 discloses a “software-controlled” transceiver apparatus that
includes “an Encoder/Interleaver software module 1810 that generates weights
provided to an IFFT processor 1811.” EX1099-Shattil-537, 19:20-22; FIGS. 18 &
19. “The IFFT may be adaptable with respect to control signals provided by other
software modules, such as the Encoder 1810.” Id., 19:23-24. Shattil-537 also
discloses that “IFFT 1811 may include a signal processing software module.” /d.,
19:22. Physical layer properties of the transceiver can be controlled by “a software
defined-controller 1901 that processes one or more system requirements 1911 and/or
one or more channel characteristics 1912 to control one or more CI parameters 1902
in a radio transceiver 1903.” Id., 20:3-5; FIG. 19.

124. The “physical-layer functions” of Shattil-537 are “performed via
software-controlled processes, such as application programs residing in one or more
memory spaces of one or more processing units.” EX1099-Shattil-537, 19:11-19.
Shattil-537’s “processing unit” refers to “a computer processing unit, such as a
microprocessor device, a main frame, a work station, a computer network, and/or a
stand-alone computer.” EX1099-Shattil-537, 6:30-31. Shattil-537 also discloses a

“memory space,” which is described as referring to “a disk drive, tap drive, VD,

DVD, flash memory, or any other data storage media or device.” EX1099-Shattil-
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537, 6:23-24.

125. Shattil-537’s “software-controlled transceiver” illustrated in Figure 18
and 19 is an apparatus that is “for receiving an OFDM signal transmitted by a user
device in a wireless network,” as stated in 10Pre and 19Pre. For example, Shattil-
537 explains that its invention has “many wireless applications” including “cellular
communications.” EX1099-Shattil-537, 2:20-21. Shattil-537’s  application
programs/software stored in memory spaces correspond to “a non-transitory
computer-readable memory storing one or more instructions” as stated in 10B and
“a non-transitory computer readable storage device having computer readable
program code stored therein [and] containing instructions” as stated in 19Pre.

126. Shattil-537’s modules can be implemented in software modules, as
explained above. For example, Shattil-537’s software modules are instructions that
are stored in “memory spaces’—i.e., ‘“‘non-transitory computer-readable
memory "—including, for example, “flash memory[] or any other data storage media
or device.” EX1099-Shattil-537, 6:23-24. The instructions defining the various
modules can be executed in Shattil-537 by the claimed one or more processors
because Shattil-537 describes using a “processing unit” such as a “microprocessor
device” to execute software modules. EX1099-Shattil-537, 6:30-31. This is

consistent with how a POSITA would have understood the operation of software-

based radios, such as those described in Shattil-537 as shown, for example, by Chen,
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which describes instructions stored in memory executed by a processor for a multi-
mode modem. See generally EX1008-Chen.

127. As I outline below, the software instructions of the transceiver of
Shattil-537 cause the method steps of claims 10 and claim 19 to be performed.

128. Thus, Shattil-537 teaches the preambles and limitations 10Pre, 10A,
10B, and 19Pre.
[10Ci] “determining a plurality of subcarrier frequencies allocated to the user
device;”

[19A4] “determining a plurality of subcarrier frequencies allocated to the user

L)
device;

129. Shattil-537 teaches these limitations for the reasons provided above
regarding limitation 1A.

[10Cii] “converting the OFDM signal to a plurality of frequency-domain values
corresponding to the plurality of subcarrier frequencies; and”

[19B] “converting the OFDM signal to a plurality of frequency-domain values
corresponding to the plurality of subcarrier frequencies; and”

130. Shattil-537 teaches these limitations for the reasons provided above
regarding limitation 1B.

[10Ciii] “decoding the plurality of frequency-domain values to recover a
plurality of data symbols encoded by the user device on the plurality of
subcarrier frequencies; and”

[19C] “decoding the plurality of frequency-domain values to recover a plurality
of data symbols encoded by the user device on the plurality of subcarrier
frequencies; and”

131. Shattil-537 teaches these limitations for the reasons provided above

regarding limitation 1C.
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[10Civ] “wherein decoding employs a plurality of codes that are inverse to,
complex-conjugate of, or complementary to a set of complex-valued codes that
the user device employs to shape the OFDM signal into a superposition of cyclic-
shifted pulse waveforms that each has one of the plurality of data symbols
modulated thereon.”

[19D] “wherein decoding employs a plurality of codes that are inverse to,
complex-conjugate of, or complementary to a set of complex-valued codes that
the user device employs to shape the OFDM signal into a superposition of cyclic-
shifted pulse waveforms that each has one of the plurality of data symbols
modulated thereon.”

132. Shattil-537 teaches these limitations for the reasons provided above
regarding limitation 1D.

133. Therefore, Shattil-537 also teaches and renders obvious claims 10 and
19.

3. Dependent Claims

[Claim 2] “The method of claim 1, wherein each of the plurality of codes
employed for decoding comprises a different vector of linear phase offsets.”
[Claim 11] “The apparatus of claim 10, wherein each of the plurality of codes
employed for decoding comprises a different vector of linear phase offsets.”
[Claim 20] “The computer program product of claim 19, wherein each of the
plurality of codes employed for decoding comprises a different vector of linear
phase offsets.”

134. Shattil-537 teaches these limitations.

135. As I explained above in connection with limitation 1D, Shattil-537
discloses Shattil-537 discloses: “The basic family of CI codes is generated from an
MxM matrix of elements having phases @,,” and “[a] basic CI code ¢, can include a

row or column vector consisting of terms
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N-1

. / . ~
Cm = elme Z elmne g

n=0
where ¢=27/M and ¢'=2xf,/f;M,” where “m” and “n” refer to the column/row matrix
index. EX1099-Shattil-537, 20:17-30.

136. Referring to its FIG. 22, Shattil-537 explains that “CI code chip values
are arranged in columns with respect to phase spaces, such as phase space (column)
2201.” EX1099-Shattil-537, 25:18-21. These phase spaces are also referred to as
“pulse positions” in Shattil-537. EX1099-Shattil-537, 25:20-26. As shown below
(and applying corrections to the DFT codes by replacing “N” with “N-1" in the
denominator, as I explained above), each column of “CI code chip values” in the
matrix of Shattil-537’s FIG. 22 represents a different vector of linear phase offsets
because they shift the frequency components in time by the same (or “linear”)

amount.
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column vector 0 column vector 1 column vector 2 column vector N-1

pulse position 0 pulse position 1 pulse position 2 pulse position N-1

EX1099-Shattil-537, FIG. 22 (with corrections and annotations). As annotated and
as explained by Shattil-537, each column vector in the matrix represents a pulse
position. Therefore, the encoding/interleaving process performed by the transmitter
in Shattil-537 uses codes that comprise different vectors of linear phase offsets.

137. As I discussed above in connection with Limitation 1D, the decoding
performed by the receiver of Shattil-537 uses an operation that is inverse to the
encoding process. For example, Shattil-537 notes that “complex conjugate” codes
may be used to decode. EX1099-Shattil-537, 25:33-36.

138. A POSITA would understand that the complex conjugate of a complex
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code refers to flipping the sign of an imaginary part of a complex number. For

73T
1

example, the complex conjugate of x+iv (with “1” being the imaginary unit defined

as i = v—1) would be x-iv. In a matrix form (as in FIG. 22 of Shattil-537), the
complex conjugate simply transposes the matrix, or in other words reflects the
matrix “about the principal diagonal” of the matrix. EX1110-Alder, 22-23.

139. When the complex-conjugate of the matrix values shown in Shattil-
537’°s FIG. 22 are taken for the decoding process, each of the complex conjugates of
the codes used for encoding (i.e., the decoding codes) would be a different vector of
linear phase offsets to recover the original data symbols. In other words, a POSITA
would understand that since the original encoding matrix (e.g., FIG. 22 of
Shattil-537) includes vectors of linear phase offsets (e.g., with constant offsets
between each adjacent pulse position), which it does as explained above, then the
decoding matrix also includes vectors with different linear phase offsets.

140. Thus, Shattil-537 renders obvious claims 2, 11, and 20.
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[Claim 3] “The method of claim 1, wherein the cyclic-shifted waveforms have
cyclic shifts that cause the cyclic-shifted waveforms to be orthogonal, and each
of the plurality of codes employed for decoding comprises a set of linear phase
offsets that corresponds to one of the cyclic shifts.”

[Claim 12] “The apparatus of claim 10, wherein the cyclic-shifted waveforms
have cyclic shifts that cause the cyclic-shifted waveforms to be orthogonal, and
each of the plurality of codes employed for decoding comprises a set of linear
phase offsets that corresponds to one of the cyclic shifts.”

[Claim 21] “The computer program product of claim 19, wherein the cyclic-
shifted waveforms have cyclic shifts that cause the cyclic-shifted waveforms to be
orthogonal, and each of the plurality of codes employed for decoding comprises
a set of linear phase offsets that corresponds to one of the cyclic shifts.”

141. Shattil-537 teaches these limitations.

142. There are two parts to each of these claims. I will first explain how
Shattil-537 discloses that “the cyclic-shifted waveforms have cyclic shifts that cause
the cyclic-shifted waveforms to be orthogonal.” Then I will explain how Shattil-537
discloses that “each of the plurality of codes employed for decoding comprises a set
of linear phase offsets that corresponds to one of the cyclic shifts.”

143. In connection with the first part of these claims, Shattil-537 discloses:
“A sample period of T, = 1/f; provides overlapping frequencies f, (shown in FIG.
14B) that have an incremental frequency separation of f..” EX1099-Shattil-537,
16:27-31. Shattil-537 also explains: “The sample period 7y is a predetermined time
interval in which samples are collected and processed. Fourier transforms or

equivalent operations may be performed. The period 7 specifies a set of orthogonal

frequencies f,.” EX1099-Shattil-537, 16:27-31. The cyclic shifts between the “phase
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spaces” or “pulse positions” of Shattil-537 “may be orthogonal.” EX1099-Shattil-
537, 25:18-21. The “superposition of carriers” to which code chips are applied are
described in Shattil-537 as producing “a CI waveform bearing the data symbol value
Sp, such as at a particular pulse position.” EX1099-Shattil-537, 25:18-26. The
different cyclic shifts are associated with the symbol duration Ts, in such a way that
the waveforms are orthogonal (7,=1/f,). .

144. Turning to the second part of claims 3, 12, and 21—*“each of the
plurality of codes employed for decoding comprises a set of linear phase offsets that
corresponds to one of the cyclic shifts”—Shattil-537 explains that “CI code chip
values are arranged in columns with respect to phase spaces, such as phase space
(column) 2201,” and these phase spaces “may be analogous to pulse positions.”
EX1099-Shattil-537, 25:18-21.

145. Each column of “CI code chip values” used for encoding, or in other
words, each column vector of CI codes in FIG. 22 of Shattil-537, comprises a
different vector of linear phase offsets because these columns are used to shift the
frequency components in time by equal amounts (e.g., differences between the
adjacent column vectors represent a linear change) due to the equal spacings between

the subcarriers as shown, for example, in Shattiil-537’s FIGS. 14A and 14B (below)

where the subcarriers are equally spaced by subcarrier spacing f;:
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EX1099-Shattil-537, FIGS. 14A-14B.
146. Based on these disclosures, a POSITA would have understood that each
of the codes—whether used for encoding or decoding—comprises a set of linear

phase offsets in the same way as is illustrated in, for example, FIG. 22A of the *386
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EX1001-386 Patent, FIG. 22A. Here, the linear phase offsets applied by the Fourier
spreading codes/polyphase Fourier codes constitute a single-frequency waveform
that corresponds to one of the shifted CI pulse waveforms as shown.

147. Therefore, Shattil-537°’s encoding/interleaving module in the
transmitter uses codes that include respective sets of linear phase offsets that
correspond to the cyclic shifts.

148. As I explained above and as Shattil-537 confirms, the decoding module
of the receiver uses the inverse (e.g., “complex conjugate”) of the encoding codes.
A POSITA would understand that when the complex-conjugate of the matrix values
shown in FIG. 22 are taken, the complex conjugate code vectors (i.e., the inverse
code vectors used in the receiver) likewise would each include a set of linear phase
offsets that corresponds to one of the cyclic shifts. EX1099-Shattil-537, 25:33-36.
In other words, it would have been obvious to a POSITA to use vectors of code

values with linear phase offsets in the receiver to recover the original data symbols.

149. Thus, Shattil-537 renders obvious claims 3, 12, and 21.
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[Claim 5] “The method of claim 1, wherein the plurality of subcarrier
frequencies has a frequency spacing f;, and the plurality of cyclic-shifted

waveforms are periodic over a symbol interval T=1/f,.”
[Claim 14] “The apparatus of claim 10, wherein the plurality of subcarrier
frequencies has a frequency spacing f;, and the plurality of cyclic-shifted

waveforms are periodic over a symbol interval T=1/f;.”

[Claim 23] “The computer program product of claim 19, wherein the plurality of
subcarrier frequencies has a frequency spacing fs, and the plurality of cyclic-
shifted waveforms are periodic over a symbol interval T,=1/f;.”

150. Shattil-537 teaches these limitations.

151. Shattil-537 discloses that “[a] sample period of 7; = 1/f; provides
overlapping frequencies f, (shown in FIG. 14B) that have an incremental frequency
separation of f;” and “[t]he period T specifies a set of orthogonal frequencies f,.”
EX1099-Shattil-537, 16:27-31. Solving for the separation f;, the expression of
Shattil-537 can be rewritten as f; = 1/7. As I have discussed above in connection
with claim 3 and as explained by Shattil-537, the plurality of cyclic shifted
waveforms are orthogonal to one another. EX1099-Shattil-537, 25:20-21 (“The
phase spaces (e.g., pulse positions) may be orthogonal ....”). A POSITA would
understand that pulses are orthogonal when they are an integer multiple
(“incremental”) of the frequency spacing f;, or otherwise expressed as 1/7;. EX1015-
Prasad, 22 (“[T]he carriers are linearly independent (i.e., orthogonal) if the carrier
spacing is a multiple of 1/T,” where the “symbol period” is represented by “T.”).

152. Thus, Shattil-537 renders obvious claims 5, 14, and 23.
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[Claim 6] “The method of claim 1, wherein converting the OFDM signal to a
plurality of frequency-domain values uses a discrete Fourier transform.”

[Claim 15] “The apparatus of claim 10, wherein converting the OFDM signal to
a plurality of frequency-domain values uses a discrete Fourier transform.”
[Claim 24] “The computer program product of claim 19, wherein converting the
OFDM signal to a plurality of frequency-domain values uses a discrete Fourier

transform.”

153. Shattil-537 teaches these limitations.

154. Shattil-537 discloses that when CI is applied to OFDM, “N- point
transforms used in OFDM, such as fast Fourier transforms (FFTs) and inverse FFTs
(IFFTs), essentially map one set of data symbols onto another set of data symbols.”
EX1099-Shattil-537, 1:29-31. Shattil-537’s FIG. 18, reproduced and highlighted
below, shows “[r]eceived signals” (“Rx 1&Q”) that “are separated into orthogonal

components by an FFT processor 18217

/1811 1810
i Encode/
Tx I&Q -— JFFT E Interleave [<— Tx Data
1821 1 52 1823
il Optimal Decode/
Rx1&Q —>{ FFT |{ | Combining > De- [—> RxData
LI Interleave
Rx AGC
Tx AGC <
FiG. 18

EX1099-Shattil-537, FIG. 18; 19:25-26.

155. The “IFFT 1811” of the transmitter side produces “a time-domain
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signal” x(t), which the FFT 1821 of the receiver side converts into a frequency-

domain expression, X(f,). EX1099-Shattil-537, 11:7-18. As I discussed in more
detail above with in connection to Limitation 1B, the FFT 1821 is used for
converting the OFDM signal to frequency-domain values. It would have been
well-known to a POSITA that the FFT of Shattil-537’s receiver is a type of discrete
Fourier transform (DFT). For example, the 386 Patent itself notes that a DFT can
be “implemented with a fast transform algorithm, such as a fast Fourier transform.”
EX1001-386 Patent, 60:60-63.

156. Thus, Shattil-537 renders obvious claims 6, 15, and 24.

[Claim 7] “The method of claim 1, further comprising removing at least one of a
guard interval, a cyclic prefix, and a cyclic postfix from the OFDM signal before
converting the OFDM signal to the plurality of frequency-domain values.”
[Claim 16] “The apparatus of claim 10, wherein the non-transitory computer-
readable memory further includes instructions stored thereon and executable by
the at least one processor for removing at least one of a guard interval, a cyclic
prefix, and a cyclic postfix from the OFDM signal before converting the OFDM
signal to the plurality of frequency-domain values.”

[Claim 25] “The computer program product of claim 19, wherein the non-
transitory computer-readable storage device further includes instructions stored
therein and executable by the one or more processors for removing at least one
of a guard interval, a cyclic prefix, and a cyclic postfix from the OFDM signal
before converting the OFDM signal to the plurality of frequency-domain
values.”

157. Shattil-537 teaches these limitations.
158. FIG. 27B of Shattil-537 shows “general steps of a reception process of

the present invention,” which includes “various reception processes’” including “but
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not limited to Cyclic prefix removal ...””:

~2711 2713 ~ 2715
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27071 —l
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FIR Array Decoding & s ()
> Filtering & Processing De- >
Decimation interleaving
A A
Interference I v
Estimation CI
Combining

FIG. 27B

EX1099-Shattil-537, FIG. 27B, 32:15-19. This process of cyclic prefix removal is
mentioned in Shattil-537 before the FFT process (“Cyclic Prefix Removal & FFT”),
in keeping with typical operation of an OFDM receiver. EX1099-Shattil-537, FIG.
27B; see also 32:15-19. Notably, this order of operations in the receiver is opposite
the “IFFT & Cyclic prefix” of the transmitter according to conventional signal
processing. EX1099-Shattil-537, FIG. 27A, see also 32:4-6 (“Optionally, a cyclic
prefix may be added to the coded data symbols.). Therefore, a POSITA would have
found it obvious to remove the cyclic prefix first to recover the coded data symbols
in the receiver.

159. Other references also describe the process of removing a cyclic prefix
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prior to the FFT in the receiver. For example, the Prasad textbook includes a diagram

with “Remove cyclic extension” shown as occurring before the “FFT (RX)” to

mirror the “Add cyclic extension” occurring after the “IFFT (TX)” in the transmitter:

\L RETX [ DAC

Binary - . ‘J
;r;;::!. —»{ Coding i Interleaving |—» Sn‘::;ing 5:;]:‘:iou - :::‘;]ﬂlicllo _l_' ;3::3::':[ - %i?:}iii:znd
IFFT (TX)
Binary J— FFT (RX) O—I—
;:::‘:‘_ Decoding j¢—jDeinterleaving l¢— d?::::aping "‘cg?;ﬂﬁn e— :;n::]:’i z::;:;;’ = m:yd i€

Frequency

Symbol timing | corrected
signal
Timing and
RFRX |—p ADC [ frequency

synchronization

Figure 2.14 Block diagrani of an OFDM transceiver.

EX1015-Prasad, 48.
160. Thus, Shattil-537 renders obvious claims 7, 16, and 25.

[Claim 8] “The method of claim 1, wherein converting the OFDM signal to the
plurality of frequency-domain values provides for orthogonal frequency division
multiple access for the user device and at least one other user device.”

[Claim 17] “The apparatus of claim 10, wherein converting the OFDM signal to
the plurality of frequency-domain values provides for orthogonal frequency
division multiple access for the user device and at least one other user device.”
[Claim 26] “The computer program product of claim 19, wherein converting the
OFDM signal to the plurality of frequency-domain values provides for
orthogonal frequency division multiple access for the user device and at least
one other user device.”

161. Shattil-537 teaches these limitations.

59



Patent No. 11,431,386 Declaration of Harry V. Bims, Ph.D.
[PR2025-00899
162. First, as I outlined above with reference to the preamble of claim 1 and

with reference to Limitation 1C, Shattil-537 discloses receiving and converting an

OFDM signal and converting the OFDM signal into frequency-domain values. For

example:

“Cl filtering may be performed by receivers designed for multicarrier
transmission protocols, such as OFDM[.]” EX1099-Shattil-537, 8:26-
29.

“Cl may also be applied to orthogonal frequency division
multiplexing.” EX1099-Shattil-537, 1:29.

“A method of performing CI processing of at least one received single-
carrier signal ... including ... providing for decomposition of the at
least one received single-carrier signal into a plurality of CI
components ....” EX1099-Shattil-537, 36:17-21.

“CI Components are CI carriers or CI symbol values. CI symbol values
are complex values (or weights) for a plurality of CI carriers.” EX1099-
Shattil-537, 5:16-18.

“FIG. 15C illustrates a CI reception method.” EX1099-Shattil-537,
17:31-18:3.

“CI codes may be applied to ... OFDM ....” EX1099-Shattil-537,

21:20-21.
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e “Multicarrier signals may be defined by any set of substantially
orthogonal diversity parameters” such as “frequency....”. EX1099-
Shattil-537, 21:29-31.

163. The term “OFDM,” both conventionally and in Shattil-537 and the ‘386
patent, refers to “orthogonal frequency division multiplexing.” EX1099-Shattil-537,
1:29; EX1001-386 Patent, Abstract, claims 1, 10, 19.

164. Shattil-537°s OFDM receiver processes are designed for multiple
access for multiple user devices. For example, Shattil-537 describes a “CI decoder”
that “may perform ... multiple-access decoding.” EX1099-Shattil-537, 31:15-17;
see also 32:33-34 (“Decoding may include ... multiple access ... and/or other
decoding processes.”). The term “multiple access” refers to accessing a shared
spectrum by multiple user devices. For example, Shattil-537 discloses that it is
“desirable to avoid certain spectral ranges, such as a spectral range 1412 allocated
to another user....” EX1099-Shattil-537, 16:35-36. This is illustrated in FIG. 14C,

where “[f]requency ranges characterized by ... frequency allocations to other

systems, applications, and/or users are avoided”:

61



Patent No. 11,431,386 Declaration of Harry V. Bims, Ph.D.
IPR2025-00899

1411 1413 1415 1417
% 31412 31414 31416
f fa

I ) [] I r
5 fi £ fs f; fy

FIG. 14C

EX1099-Shattil-537, 4:2-3; FIG. 14C. This figure shows “a desired spectral profile
for a particular communication channel,” where each of the “spectral ranges 1411,
1413, 1415, and 1417 does not overlap with the others, and avoids “spectral range
1412 allocated to another user.” EX1099-Shattil-537, 16:33-36.

165. Thus, a POSITA would understand that, in Shattil-537, the spectrum is
shared by multiple users, which would each be allocated a different spectral range
within the spectrum. Accordingly, it would have been obvious to a POSITA to
receive communications on Shattil-537’s multiple access OFDM system to provide
for communications from multiple user devices. In addition to Shattil-537’s own
disclosure suggesting multiple-access OFDM, a POSITA would understand that
multiple users using the system would have readily expanded the usefulness of
Shattil-537 to allow more than one device to communicate.

166. Thus, Shattil-537 renders obvious claims 8, 17, and 26.
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IX. GROUND 3: Claims 1 and 6-8 are obvious over Galda in view of

Briininghaus

A.  Reasons for Combining Prior Art

167. Ground 3 relies on Galda in view of Briininghaus and addresses claims
1 and 6-8.

168. Galda generally describes an “[OFDM] transmission technique” that
includes ‘““a data spreading technique based on a [DFT] spreading matrix.”
EX1004-Galda, 1737, Abstract. Galda shows in its Figure 1 a “Mobile Terminal”

with a transmitter communicating with a “Base Station” with a receiver:

: | Encoder+ | ! Station | Decoder+ | !
i | Modulation | ! : Demodulation| |

Dy} y 5 I ; : : Dy}
R - MT (m+2), 5 Mieation | J;

5 preading ; . + Detection ;
g gEee woaan /l\ E Tt A
. | FDMA- | | : FDMA- | !

; Mapping ¢ [MT (m+1) ; Demapping | |
: v A : : z :

i | OFDM- Lo Mobile | { Lo | OFDM- |
' | Transmitter A, Terminal : : A, Receiver | !

o2 i PA 2V 4 i 7
. | puc+ é : : DDC+ |
: DAC : : ADC 1

EX1004-Galda, 1738 (Fig. 1).

169. The Mobile Terminal of Galda Figure 1 includes several blocks or
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modules for processing signals, including “Spreading,” “FDMA-Mapping,” and

“OFDM-Transmitter” blocks.

170. Galda describes using “the [DFT] matrix ... for spreading the vector D
of length L = N, [and block Dr(lT)] over all subcarriers of an OFDM system.”
EX1004-Galda, 1739. Galda’s DFT spreading uses a plurality of complex-valued
codes (“L orthogonal code vectors f{”) that shape the interference patterns of a
superposition signal as I explain in detail below in connection with Limitation 1D.

171. Galda discloses using an IFFT to modulate DFT spread data symbols

onto the L subcarriers:

OFDM Modulator

---------------------------------------------------------

————————————
.

: =1 :
Encoder + : : i I (m
o e Modulstion - s E; ; —epd : 5 )
: g NZEJ M E E i AddGuard|
D‘l-) 5:-1 i _5_'. : Interval
: E I
| I
: g P g T |
L L L L L L L T R L R S S L L

EX1004-Galda, 1740 (Fig. 6(a)).
172. At the Base Station / receiver, Galda discloses processing a “received
time signal” “by ... calculating the Fourier transformation (FFT) which splits the

time signal into the orthogonal subcarrier channels and finally selecting the user

specific complex valued symbols Rl(m) at the FFT output.” EX1004-Galda, 1738.
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Galda then explains that “[a]n estimate of data symbols El(m) can then be calculated
independently for each user by applying any single- or multi-code detection
techniques.” EX1004-Galda, 1738-39. Galda recognizes that these techniques “are
well known from OFDM-CDMA receiver structures.” EX1004-Galda, 1739.

173. Galda does not specifically mention or describe these well-known
OFDM receiver techniques, including using codes that are “inverse to, complex-
conjugate of, or complementary to” the DFT spreading codes used at the transmitter
to decode the frequency domain values to recover the data symbols. However, using
complex-conjugates of DFT spreading codes to recover data symbols from
frequency-domain values was a known technique. For example, Briininghaus (which
was cited by Galda as reference [3]), does describe this.

174. Like Galda, Briininghaus’s receiver includes a block called

“Equalization/Detection” as shown below.
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Galda’s Receiver
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EX1004-Galda, 1738; EX1016-Briininghaus, 2330.
175. While Galda says that “any single- or multi-code detection techniques”
can be used in the receiver, Galda does not show the implementation details that may

be used to recover data symbols. Briininghaus provides details of how to recover
data symbols (such as pm n in Galda) when DFT spreading is used in a transmitter.

For example, Briininghaus shows:

Equalization

EX1016-Briininghaus, 2330 (Fig. 4).

176. This figure of Briininghaus shows “despreading” by application of “an
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inverse Fast-Fourier matrix [H]".” EX1016-Briininghaus, 2329-30. Here, the

superscript

reflects the Hermitian transpose, which is also known as the
“conjugate transpose.” See EX1077-896 Patent, 2:2-3 (“The Hermitian transpose of
a matrix A, denoted by A, is the complex conjugate transpose of A.”). It was well
known to a POSITA that a Hermitian transpose is the same as complex conjugate
transpose. Id. The Patent Owner’s US Patent No. 11,700,162 similarly recognizes
that “[t]he conjugate transpose is also known as the adjoint matrix, adugate
matrix, Hermitian adjoint, or Hermitian transpose.” EX1075-162 Patent, 21:59-61.
Therefore, Briininghaus’s receiver uses codes that are “inverse to, complex-
conjugate of, or complementary to” the DFT spreading codes [H] because it uses the
complex conjugate transpose of matrix [H], or [H]".

177. A POSITA considering Galda would have been motivated to look to
other known solutions to reverse the spreading operation at Galda’s receiver and, at
Galda’s recommendation, would have looked for “any [known] single- or multi-code
detection techniques.” EX1004-Galda, 1738-39. A POSITA would have appreciated
that Briininghaus is identified as a reference in Galda and provides a known detection
technique to reverse the DFT spreading operation. EX1004-Galda, 1741 (reference
[3]); EX1016-Briininghaus, 2330. A POSITA would have been motivated to use

Briininghaus’s complex conjugate transpose of matrix [H], or [H]?, in Galda’s

“Equalization + Detection” block to reverse the spreading operation (also referred
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to as “despreading” in Briininghaus) in the receiver and recover the data symbols.
178. A POSITA would have simply combined these prior art elements

(Galda’s “Equalization + Detection” receiver block and Briininghaus’s despreading

block) according to known methods of using inverse, complex-conjugate codes to

the codes used during spreading in an “Equalization” block as Briininghaus to yield
predictable results of recovering an estimate of the original data symbol (5£1T))'

179. A POSITA would have also found it obvious to apply Briininghaus’s
known technique of using the inverse, complex-conjugate to the DFT matrix used at

the transmitter (i.e., using the “an inverse Fast-Fourier matrix [H]?”

) to despread
the data in an equalization block of a receiver to Galda’s known receiver (more

specifically, Galda’s “Equalization + Detection” receiver block) to provide for a

technique to despread the data and recover the original data symbol (51(:7)). Using

Briininghaus’s inverse Fast-Fourier matrix would have allowed the spread data
symbols to be despread and thus recovered, thus providing predictable results.

180. A POSITA would have reasonably expected success in using
Briininghaus’s complex-conjugate inverse Fast-Fourier matrix in Galda’s
“Equalization + Detection” receiver block because it was well-known in the art for
a receiver to use inverse (complex-conjugate) codes to reverse an operation

performed in the transmitter on data symbols in wireless communications.
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EX1004-Galda, 1739 (‘“single- or multi-code detection techniques can be applied
which are well known from OFDM-CDMA receiver structures”); EX1016-
Briininghaus, 2329-30 (e.g., “In case of a Fourier spreading matrix, despreading in
the receiver is achieved by an inverse Fast-Fourier matrix”). Using codes in a
receiver that are inverse to the spreading codes used in the transmitter in order to
recover data symbols in the receiver was a well-understood mathematical technique
used to invert operations performed using coefficients of a matrix in

communications.

B. Challenged Claims
1. Independent Claim 1

[1Pre] “A method for receiving an Orthogonal Frequency Division Multiplexing
(OFDM) signal transmitted by a user device in a wireless network, comprising:”

181. Galda in view of Briininghaus teaches the preamble.

182. Galda shows and describes a “[b]aseband system model for the OFDM-
FDMA uplink with individual spreading of user data.” In this model, an “OFDM-
Transmitter” is involved with the sending of an OFDM signal by Galda’s “Mobile
Terminal” in a wireless network and an “OFDM receiver” is for receiving the OFDM

signal transmitted by the Mobile Terminal in the network:
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Fig. 1. Baseband system model for the OFDM-FDMA uplink with individual
spreading of user data

EX1004-Galda, 1738 (Fig. 1).
183. Thus, Galda in view of Briininghaus teaches the preamble.

[1A] “determining a plurality of subcarrier frequencies allocated to the user

> ¥
device;

184. Galda in view of Briininghaus teaches this limitation.

185. On the transmitter (user device) side, Galda discloses that an “OFDM-
FDMA multiple access scheme” can be “combined with a data spreading technique
based on a Discrete Fourier Transform (DFT) spreading matrix using only the user

specific subcarriers.” “By allocating distinct sets of subcarriers to different users the
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available bandwidth can be flexibly shared between different mobile terminals....”

EX1004-Galda, 1738.

186. Galda also discloses, “[1]f channel state information is not available the
performance can be increased using an additional spreading over the subcarriers
assigned to one user.” For example, “M different users are considered and each user
allocates L different subcarrier[s] exclusively. The total number of subcarrier|s] in
the considered transmission system is No = L - M.” EX1004-Galda, 1737-38. Thus,
in Galda’s transmitter, each user signal is transformed and split (“spread”) into a set
of subcarriers.

187. On the receiver side, Galda discloses receiving a time signal from a
“user m” and “calculating the Fourier transformation (FFT) which splits the time

signal into the orthogonal subcarrier channels and finally selecting the user specific

complex valued symbols R l(m) at the FFT output. The user specific subcarrier set is

located at subcarrierk = m,m + M, ..., m + (L — 1)M for user m.” EX1004-Galda,

1738-39.
188. Accordingly, by explaining that (1) subcarriers are uniquely allocated

to users, (2) that the FFT in the receiver “splits the time signal into the orthogonal

subcarrier channels,” and (3) spread symbols Rl(m)are selected, Galda teaches

determining a plurality of subcarrier frequencies (“orthogonal subcarrier channels”
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and “user specific subcarrier set””) allocated to the user device (device corresponding

to “user m”). This allows for the FFT to be performed, which prepares the signal for
FDMA-Demapping to generate spread data symbols Rr(:fll) before despreading them.

189. The 386 patent itself also describes a similar process for the same
purpose. For example, an FFT is used to determine the subcarriers allocated to a user
in the 386 patent’s receiver. EX1001-386 Patent, 67:52-55 (DFT, such as an FFT
or “other types of filters” are used to “select one or more subcarrier components
allocated to a particular user”).

190. Thus, Galda in view of Briininghaus teaches this limitation.

[1B] “converting the OFDM signal to a plurality of frequency-domain values
corresponding to the plurality of subcarrier frequencies; and”

191. Galda in view of Briininghaus teaches this limitation.

192. More specifically, Galda teaches that its “OFDM time signal of user m”
is transmitted to the receiver where an FFT “splits the time signal into the orthogonal
subcarrier channels.” A POSITA would understand that this splitting via FFT refers

to converting the “OFDM time signal of user m” to frequency-domain values in the

form of “user specific complex valued symbols Rl(m) at the FFT output,” which

correspond to the “orthogonal subcarrier channels” (another term for the plurality of
subcarrier frequencies). These subcarrier frequencies are the frequencies allocated

to user m. (“The user specific subcarrier set is located at subcarrier k = m, m +
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M, ...,m+ (L — 1)M for user m.”). EX1004-Galda, 1738

193. Thus, Galda in view of Briininghaus teaches this limitation.
[1C] “decoding the plurality of frequency-domain values to recover a plurality of

data symbols encoded by the user device on the plurality of subcarrier
frequencies; and”

194. Galda in view of Briininghaus teaches this limitation.

195. Twill first explain how Galda discloses the second part of this limitation
1C, where the data symbols are encoded by the user device (e.g., transmitter) on
subcarrier frequencies. Then I will explain how Galda describes decoding the
frequency-domain values to recover these encoded data symbols.

196. Galda’s transmitter uses a DFT spreading technique to encode data

symbols on subcarriers. For example, Galda generates “L complex transmit symbols

S l(m)” by spreading “L complex modulation symbols Dl(m), =0, ..., L-1” “over the
L user-specifically allocated subcarrier.” Gald explains that this is done with a
“unitary spreading matrix [C]” that includes “the elements of the discrete Fourier
matrix.” EX1004-Galda, 1738-39. This process of creating the L complex transmit
symbols by applying the DFT spreading matrix encodes the data symbols on
subcarrier frequencies.

197. Galda’s receiver decodes frequency-domain values to recover the
encoded data symbols. After discussing the use of FFT in the receiver to convert the

received OFDM time signal into frequency-domain values (“complex valued
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symbols Rl(m)”), Galda discloses that “[a]n estimate of data symbols l~)l(m) can then

be calculated independently for each user by applying any single- or multi-code
detection techniques.” EX1004-Galda, 1738-39.
198. Thus, Galda in view of Briininghaus teaches this limitation.

[1D] “wherein decoding employs a plurality of codes that are inverse to,
complex-conjugate of, or complementary to a set of complex-valued codes that
the user device employs to shape the OFDM signal into a superposition of cyclic-
shifted pulse waveforms that each has one of the plurality of data symbols
modulated thereon.”

199. Galda in view of Briininghaus teaches this limitation.

200. This limitation 1D has two parts that refer to (1) the receiver decoding
and (2) the transmitter / user device using codes to shape the OFDM signal. I will
first explain how Galda discloses this transmitter action, then I will explain how the
combined teachings of Galda and Briininghaus disclose the corresponding receiver
action. This tracks the order that signals are typically processed through a
communication system with a transmitter and receiver.

201. First, on the transmitter side, Galda employs a plurality of complex-

valued codes because it uses a “unitary spreading matrix” [C], which has “elements

1

oJ2mij/L
N7 :

of the discrete Fourier matrix” that Galda defines as C;;

EX1004-Galda, 1738-39.

202. Galda’s matrix [C] includes “L orthogonal code vectors ?{ =
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(Cro,Cry -ver Cyy) With I = 0, ..., L — 1.” EX1004-Galda, 1738. Accordingly, “the
elements of the discrete Fourier matrix” can be expressed as: a) =

\/iz(eﬂ"m/L,ejZ”ll/L, o, @FTL=D/L) "EX1004-Galda, 1738-39. This shows that

Galda uses a plurality of complex-valued codes a) for the purpose of spreading data
symbols, referred to by Galda as “L user modulation symbolle(m)”). EX1004-
Galda, 1738.

203. The codes a), when applied to the data symbols, cause a phase rotation

to the subcarrier values, which are the encoded data symbols

Sl(m) »

(“L complex transmit symbols ), and thus to the resulting superposition of

cyclic-shifted pulse waveforms. The complex transmit symbols Sl(m) are IFFT

processed to create an “OFDM time signal of user m” that is expressed in Galda as
1 L—-1
Si(m) — pJ2mim/N¢ ﬁz Sl(m)e—jZnil/L (3)
1=0

for i= _NG' ...,0, ...,Nc,

where the summation of subcarriers from [ = 0 to L represents a superposition of

the subcarriers modulated by the set of subcarrier values S l(m) with / ranging from 0
to L-1. As one example, if L=4, Galda’s DFT spreading matrix takes on the following

values:

75



Patent No. 11,431,386 Declaration of Harry V. Bims, Ph.D.
IPR2025-00899

1 jzn(t;)(o) 1 jZn(?u) 1 j2n(9})(23 1 j:f:rr(i)m-
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Coo Conr Coz Co3 1 jZH(l}(O) 1 jZn(}j{)m 1 jm(?m 1 j2n(1)(3)
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These codes apply a set of carrier phases to Galda’s subcarrier values S l(m) where /
ranges from O to L-1. This means that when the symbols are modulated onto the
subcarriers, the resulting subcarriers exhibit the same phase shift imparted by the
code.

204. When the phase shifted subcarriers undergo the OFDM modulation

process associated with Galda’s IFFT, the interference patterns of the superposition

(Si(m)) are shaped to produce a plurality of cyclic-shifted waveforms that each have

one of the data symbols modulated thereon. The passage below describes this in

more detail:

The transmit time signal Si(m)of user m in an OFDM-
FDMA uplink using DFT spreading matrix and an
equidistant subcarrier allocation results therefore in a

periodic repetition of the complex user data symbol Dl(m)

sequence including an added guard interval as cyclic
prefix, shown in Fig. 5. This periodic data sequence is

multiplied by a user specific complex signal e/2™™/Nc

76



Patent No. 11,431,386 Declaration of Harry V. Bims, Ph.D.
IPR2025-00899

due to the user individual frequency shift by m subcarriers
of the complete allocated subcarrier set. The number of
periods inside a single OFDM symbol is equal to the
spacing M of the subcarriers allocated to user m.

EX1004-Galda, 1739-40.

205. Galda also includes the following mathematical expressions for equally

spaced subcarriers:

h

-1L-1

o 1 .
Si(m) — egJ2mim/N¢ , ﬁ Z Cl (m) e —J2mil/L
=0 v=0
148 2 (v=0)1/L
— pJ2mim/Nc¢ . ZD(m) = ej my=hY/
= Lo, (v—1i)
L-1
— ej21tim/NC . z D\Em) SL(V _ i)
v=0
( ) _ (m)
m) _ gj2mim/Nc . DlmodL (7)

EX1004-Galda, 1739.
206. In the expressions above, the plurality of complex-valued codes E{
(represented by their elements “C;,,” and highlighted blue) shape the interference

patterns of the superposition (highlighted yellow) to produce a plurality of cyclic-
shifted waveforms (each represented by “the periodic dirac pulse sequence §; ()”

and highlighted green) that each have one of the data symbols (represented by
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“Dﬁm)” and highlighted pink) modulated thereon. Galda’s equation (7) above

includes the following expression:

L-1

L SL(V _ l) — Z ejZTE(V—i)l/L,

1=0
where @p(v —1i) represents L cyclic-shifted waveforms produced from the

interference patterns of the superposition Yr-a e/2TV=DUL and yi-1 ei2m(v=DU/L jq
a restructuring of Y123 €, e /™1 shown in the first line of expression 7 that

represents how the plurality of complex-valued codes Ez) shape the interference

patterns of the superposition of subcarriers to produce the L cyclic-shifted

waveforms:
L—1 ej2nv/L L—1
C? ; e—]Zml/L — z e]Zn(v—l)l/L = I 6L(V _ i).
1=0 ShvTEl 1=0

EX1004-Galda, 1739.

207. &, (v — i) represents L cyclic-shifted waveforms defined as:

~ _ (1, forvmod L = imod L
8.(v—i)= {O, otherwise

where v identifies each of the L cyclic-shifted waveforms as having a unique shift
v, where v = 0,...,L — 1, i indexes the waveform samples, and L defines each
cyclic-shifted waveform’s cyclic nature. For example, 6, (0 — i) represents cyclic-

shifted waveform that is equal to 1 whenever imod L = 0, and &§,(1 —1i)
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represents different cyclic-shifted waveform that is equal to 1 wheneveri mod L =
1.

208. When N, =8, M = 4,and L = 2, as in the example illustrated in Fig.

5 of Galda, 6, (v — i) becomes &, (v — i) and si(m) may be expressed as

si(m) = gJ2mim/8 . Zz_f D‘Em) 5,(v—1i)
v=0
= eJ2zmim/8 (ng)az(o — )+ D™s,(1 - i)) .
In this expression, §,(0 — i) represents cyclic-shifted waveform that has the data
symbols Dém) modulated thereon, and 8, (1 — i) represents a different cyclic-shifted
waveform that has the data symbols Dl(m)modulated thereon. EX1004-Galda, 1739.
In this example, §,(0 — i) is a cyclic-shifted waveform that is equal to 1 whenever
imod?2 = 0 (i.e., wheni = —2,0,2,4,0r 6), and §,(1 — i) is a cyclic-shifted
waveform that is equal to 1 wheni mod 2 = 1 (i.e., wheni = —1,1,3,5,0r 7) as

shown visually below:

i 2ol 2345 fe6l}7
6,(0—10) 1lojt1]of1tol1rpof1}fo:
6,(1—-10) o1 lofj1rfofrlofp1qfol}1
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209. Thus, Dém)dz (0 —1i) and Dl(m)dz(l — i) may be visualized as:

Dg"s20—0) o] gl o] bog] o

m .
D™ &,(1— i) | ot oo oo |pom

This corresponds to Galda’s Fig 5. In other words, the expression si(m) =

gJ2mim/8 (Dém) 6,0 —1)+ Dfm) 6,1 — i)) may be visualized in a simplified form,

like the example shown in Fig. 5 of Galda, as the modified figure below shows:

GI
*—’
(m) )| 1 )] y (m) (m)l ()] ()] oy (1)} o (. (m)l (m)
S; DD ™| |p ™D D™ D D™D

-
Time

210. A POSITA would have understood that Galda’s Fig. 5 simplifies

ccej21'[im/8”

expression 7, and in doing so Galda omits the term to illustrate the

periodic repetition of the complex user data symbol Dl(m) sequence. The indices

differ for a non-substantive reason, namely that the complex user data symbol Dl(m)

sequence used in Galda’s Fig. 5 is one-based indexing (i.e., ranges from 1 to L),
rather than the zero-based indexing (i.e., ranges from 0 to L-7) as used in expression
7 and the examples provided above. This is a simple difference in nomenclature that

does not impact the math or teachings in Galda.
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211. Next, on the receiver side, Galda discloses that “data symbols ﬁl(m)”
can be recovered “for each user by applying any single- or multi-code detection
techniques,” and indicates that the recovery of the data symbols is performed by the
“Equalization + Detection” block of Figure 1. EX1004-Galda, 1738-39. But Galda
does not describe in detail a step of decoding that employs a plurality of codes that
are inverse to, complex-conjugate of, or complementary to a set of complex-valued
codes, as in limitation 1D. Briininghaus does describe this.

212. For example, Briininghaus provides details of how to recover data
symbols when DFT spreading is used in a transmitter. For example, Briininghaus

shows:

Despreading

- .

lriquulw. ition

EX1016-Briininghaus, 2330.
213. Briininghaus explains that the “despreading” step uses “an inverse Fast-
Fourier matrix [H]".” EX1016-Briininghaus, 2329-30 (Figs. 3 & 4). As explained

above the superscript “/”

represents the Hermitian transpose, which is also known
as the “conjugate transpose” or the “complex conjugate transpose.” See EX1077-

896 Patent, 2:2-3 (“The Hermitian transpose of a matrix A, denoted by A, is the
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complex conjugate transpose of A.”). Therefore, Briininghaus’s receiver employs
codes that are “inverse to, complex-conjugate of, or complementary to” the DFT
spreading codes [H] because it uses the complex conjugate transpose of matrix [H],
referred to as [H]”.

214. 1t would have been obvious to a POSITA to implement Briininghaus’s
complex-conjugate codes in Galda’s “Equalization + Detection block to recover the
original data symbols in the received information signals for the reasons I explained
above in the “Reasons for Combining Prior Art” section related to Galda and
Briininghaus.

215. Thus, Galda in view of Briininghaus teaches this limitation.

216. Therefore, Galda in view of Briininghaus teaches and renders obvious

claim 1.

2. Dependent Claims

[Claim 6] “The method of claim 1, wherein converting the OFDM signal to a
plurality of frequency-domain values uses a discrete Fourier transform.”

217. Galda teaches this limitation.
218. More specifically, Galda teaches performing a fast Fourier transform
(FFT) on an OFDM time signal to “split[] the time signal into the orthogonal

subcarrier channels,” as discussed above with reference to Limitation 1B.

EX1004-Galda, 1738.
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219. A POSITA would have understood that an FFT is a type of discrete
Fourier transform (DFT), which was both well known and conceded by the 386
patent itself. EX1001-386 Patent, 60:60-63 (“a DFT implemented with a fast
transform algorithm, such as a fast Fourier transform”); see also EX1015-Prasad,
36.

220. Thus, Galda teaches and renders obvious claim 6.
[Claim 7] “The method of claim 1, further comprising removing at least one of a

guard interval, a cyclic prefix, and a cyclic postfix from the OF DM signal before
converting the OFDM signal to the plurality of frequency-domain values.”

221. Galda teaches this limitation.

222. Galdadiscloses transmitter procedures to add a “guard interval as cyclic
prefix” through DFT spreading and subcarrier allocation. EX1004-Galda, 1739-40.
In particular, Galda states: “The transmit time signal Si(m)of user m in an OFDM-
FDMA uplink using DFT spreading matrix and an equidistant subcarrier allocation
Dz(m)

results therefore in a periodic repetition of the complex user data symbol

sequence including an added guard interval as cyclic prefix, shown in Fig. 5.”

EX1004-Galda, 1739-40; see also 1738 (““Ng denotes the length of the guard interval
which is inserted into the transmit time signal”).

223. The receiver of Galda “remov[es] the guard interval” and then
“calculat[es] the Fourier transformation (FFT) which splits the time signal into the

orthogonal subcarrier channels.” EX1004-Galda, 1738. As discussed above for
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claim 1, clause [1B], the receiver using the FFT to split the time signal into the
subcarrier channels is a process of converting the OFDM signal to the plurality of

frequency-domain values.

224. Thus, Galda in view of Briininghaus teaches and renders obvious claim

7.

[Claim 8] “The method of claim 1, wherein converting the QF DM signal to the
plurality of frequency-domain values provides for orthogonal frequency division
multiple access for the user device and at least one other user device.”

225. Galda teaches this limitation.

226. More particularly, Galda’s transmitter system comprises N¢
subcarriers, L subcarriers of which are allocated to a particular user. EX1004-Galda,
1738 (“In principle, the set of subcarrier assigned to each user can be composed of
any L out of N¢ subcarrier that have not been assigned to another user.”). Galda
provides an example which shows different subcarriers assigned to User 1 as

compared to User m:

EX1004-Galda, 1738.

227. The figure above depicts orthogonal frequency division multiple access
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for the users. This is part of the purpose of Galda’s “OFDM-FDMA” scheme, which
stands for “orthogonal frequency division-frequency division multiple access.”
EX1004-Galda, 1737 (referring to scheme as a “OFDM-FDMA multiple access
scheme”).

228. Galda also describes a receiver that performs an opposite / inverse
function as the transmitter to receive and process signals from multiple users. For
example, Figure 1 in Galda shows this as the transmitter sends signals from multiple

users (“Mobile Terminal,” “MT (m+1),” “MT (m+2)”) to the receiver (‘“Base

Station” and its “OFDM-Receiver”):

{rmi)
SnJ i

E Encoder + ; + Station Decoder + E

‘ Modulation | : Demodulation|
g ¥ : ; : 1 -0l

E . E MT (m+2) E Equalization | |

: : ' + Detection

. i ' : /\/ Receiver :'
s | T pa N Ly x Ll

DUC + é ; | : é DDC+ | |

: DAC | ' ADC |

- -} R e S R S T T

i
T EIR
.ﬁ?

?
5
?

Fig. 1. Baseband system model for the OFDM-FDMA uplink with individual
spreading of user data

EX1004-Galda, 1738 (Fig. 1).
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229. Thus, Galda teaches and renders obvious claim 9.

X. GROUND 4: Claims 10, 15-17, 19, and 24-26 are obvious over Galda in
view of Briininghaus and Dowling

A.  Reasons for Combining Prior Art

230. Ground 4 relies on Galda in view of Briininghaus and Dowling and
addresses claims 10, 15-17, 19, and 24-26. These claims require a processor,
memory, instructions stored in memory that are executed in a processor, computer-
readable program code executed by a processor, and the like. Otherwise, these
claims correspond to claims 1 and 6-8, as seen in the patent and in my analysis
herein.

231. Galda and Briininghaus do not explicitly state whether their OFDM
receivers are implemented in hardware or a combination of hardware and software.
Nevertheless, a POSITA would have understood that Galda in view of Briininghaus
would have needed to be implemented using at least one of these technologies. A
POSITA would have found it obvious to implement Galda in view of Briininghaus
in software stored in memory coupled to a processor such that the software is
executed by the processor.

232. More specifically, a POSITA would have understood that receivers
could be implemented in hardware or software. The Dowling reference (EX1042-

Dowling) provides one example by disclosing that its OFDM receiver including its
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modulation techniques “may be implemented as software modules which execute on
a programmable processor architecture.” EX1042-Dowling, 3:46-50; see also 5:66-
6:1 (disclosing that the “transmitter, receiver and precoder may be implemented in
hardware or software™); 21:62-64 (disclosing that the “present invention” is
applicable to “FFT based multicarrier modulation and OFDM systems”).

233. In a software implementation, software is stored in memory, and is
provided from memory to a processor for execution as was well known to a POSITA.
Indeed, those skilled in the art were aware of “software radios” that used code in
memory and processors to execute that code to provide flexibility in design and
updating, as opposed to hardware which was significantly more difficult to upgrade
because it is fixed in silicon. EX1008-Chen (describing OFDM-CDMA software
radio); EXI1011-Walton, 0124-25 (explaining that modulation ‘“and other
techniques” can be implemented in “hardware, software, or a combination thereof”
and that “[t]he software codes may be stored in a memory unit...and executed by a
processor”).

234. A POSITA would have been motivated and found it obvious to
implement the disclosed receiving techniques as reflected in the combined teachings
of Galda and Briininghaus (as discussed above with reference to Ground 3) in a
software radio (including code in memory and a processor coupled to memory to

execute the code) rather than in specialized hardware. In particular, the use of
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software and corresponding memory would have resulted in a more flexible system
that could be modified and redesigned more easily.

235. Moreover, implementing the OFDM receiver of Galda in view of
Briininghaus using software and corresponding memory merely represented a simple
substitution of one known element (a software-based receiver) for another (hardware
implementation of same) to obtain predictable results (the same functionality
performed in software rather than hardware). Likewise, implementing Galda in view
of Briininghaus using software and memory merely required a predictable use of
prior art elements (software-based receiver components) according to their
established functions (i.e., performing the same functions taught by Galda in view
of Briininghaus), and merely required applying a known technique (software
implementation) to a known device (the receiver of Galda in view of Briininghaus)
ready for improvement (e.g., in the form of increased flexibility) to yield predictable
results (a receiver using complex-conjugate of the DFT spreading codes used in a
transmitter as reflected by Galda in view of Briininghaus where the operations are
implemented in software).

236. A POSITA also would have expected to succeed in making this
combination. As I explain above, Galda in view of Briininghaus discloses an OFDM

receiver with the claimed features and defines the various mathematical operations

for each of the components. Implementing these mathematical operations in
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software would have required only routine knowledge because software is especially

well-suited for performing mathematical operations. Given numerous disclosures
indicating that those in the field were aware that various transceiver (transmitter and
receiver) functions were able to be implemented in either hardware or software (both
well-known alternatives), a POSITA would have reasonably expected success in
achieving a software implementation using instructions stored on a memory for
execution by a processor.

B. Challenged Claims
1. Independent Claims 10 and 19

[10Pre] “An apparatus for receiving an Orthogonal Frequency Division
Multiplexing (OFDM) signal transmitted by a user device in_a wireless network,
the apparatus comprising:”

[10A] “at least one processor; and”

[10B] “a non-transitory computer-readable memory communicatively coupled to
the at least one processor, the non-transitory computer-readable memory
including a set of instructions stored thereon and executable by the at least one
processor for:”

[19Pre] “A computer program product for receiving an Orthogonal Frequency
Division Multiplexing (OFDM) signal transmitted by a user device in_a wireless
network, the computer program product comprising a non-transitory computer
readable storage device having computer readable program code stored therein,
said program code containing instructions executable by one or more processors
of a computer system for:”

237. Galda in view of Briininghaus and Dowling teaches these preambles
and limitations.
238. First, Galda in view of Briininghaus discloses 10Pre for the reasons

provided above regarding 1Pre.
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239. Galda in view of Briininghaus and Dowling further discloses the
elements set forth in 13A, 13B, and 25Pre. More particularly, Dowling teaches that
many elements of an OFDM receiver including its modulation techniques “may be
implemented as software modules which execute on a programmable processor
architecture.” EX1042-Dowling, 3:46-50; see also 5:66-6:1 (disclosing that various
elements may be implemented in hardware or software), 21:62-64 (disclosing that
Dowling’s software radio teachings apply to elements including “FFT based
multicarrier modulation and OFDM systems™).

240. In a software implementation, software is stored in memory, and is
provided from memory to a processor for execution. A POSITA would have known
that “software radios” were implemented by a processor executing code stored in
memory, and that doing so provided desirable flexibility in design and the ability to
update features of the radio as compared to hardware-only implementations that
were more difficult to upgrade because they are fixed in silicon. EX1008-Chen
(describing OFDM-CDMA software radio); EX1011-Walton, 0124-25 (explaining
that modulation “and other techniques™ can be implemented in “hardware, software,
or a combination thereof” and that “[t]he software codes may be stored in a memory
unit...and executed by a processor”). As I explain above, in consideration of

Dowling, a POSITA would have found it obvious to implement the receiver of Galda

in view of Briininghaus in software stored on memory for execution by a processor
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coupled to the memory as recited in claims 10 and 19.

241. Thus, Galda in view of Briininghaus and Dowling teaches these
preambles and limitations.
[10Ci] “determining a plurality of subcarrier frequencies allocated to the user
device;”

[19A] “determining a plurality of subcarrier frequencies allocated to the user

[ )]
device;

242. Galda in view of Briininghaus teaches these limitations for the reasons
provided above regarding limitation 1A.

[10Cii] “converting the OFDM signal to a plurality of frequency-domain values
corresponding to the plurality of subcarrier frequencies; and”

[19B] “converting the OFDM signal to a plurality of frequency-domain values
corresponding to the plurality of subcarrier frequencies; and”

243. @Galda in view of Briininghaus teaches these limitations for the reasons
provided above regarding limitation 1B.

[10Ciii] “decoding the plurality of frequency-domain values to recover a
plurality of data symbols encoded by the user device on the plurality of
subcarrier frequencies;”

[19C] “decoding the plurality of frequency-domain values to recover a plurality
of data symbols encoded by the user device on the plurality of subcarrier
frequencies;”

244. @Galda in view of Briininghaus teaches these limitations for the reasons

provided above regarding limitation 1C.

91



Patent No. 11,431,386 Declaration of Harry V. Bims, Ph.D.
[PR2025-00899

[10Civ] “wherein decoding employs a plurality of codes that are inverse to,
complex-conjugate of, or complementary to a set of complex-valued codes that
the user device employs to shape the OFDM signal into a superposition of cyclic-
shifted pulse waveforms that each has one of the plurality of data symbols
modulated thereon.”

[19D] “wherein decoding employs a plurality of codes that are inverse to,
complex-conjugate of, or complementary to a set of complex-valued codes that
the user device employs to shape the OFDM signal into a superposition of cyclic-
shifted pulse waveforms that each has one of the plurality of data symbols
modulated thereon.”

245. Galda in view of Briininghaus teaches these limitations for the reasons
provided above regarding limitation 1D.

246. Thus, Galda in view of Briininghaus and Dowling renders obvious
claims 10 and 19.

2. Dependent Claims

[Claim 15] “The apparatus of claim 10, wherein converting the OFDM signal to
a plurality of frequency-domain values uses a discrete Fourier transform.”

[Claim 24] “The computer program product of claim 19, wherein converting the
OFDM signal to a plurality of frequency-domain values uses a discrete Fourier

transform.”

247. Galda in view of Briininghaus teaches these limitations for the reasons

provided above regarding claim 6.
248. Thus, Galda in view of Briininghaus and Dowling renders obvious

claims 15 and 24.
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[Claim 16] “The apparatus of claim 10, wherein the non-transitory computer-
readable memory further includes instructions stored thereon and executable by
the at least one processor for removing at least one of a guard interval, a cyclic
prefix, and a cyclic postfix from the OFDM signal before converting the OFDM
signal to the plurality of frequency-domain values.”

[Claim 25] “The computer program product of claim 19, wherein the non-
transitory computer-readable storage device further includes instructions stored
therein and executable by the one or more processors for removing at least one
of a guard interval, a cyclic prefix, and a cyclic postfix from the OFDM signal
before converting the OFDM signal to the plurality of frequency-domain
values.”

249. Galda in view of Briininghaus teaches these limitations for the reasons
provided above regarding claim 7.

250. Thus, Galda in view of Briininghaus and Dowling renders obvious
claims 16 and 25.

[Claim 17] “The apparatus of claim 10, wherein converting the OFDM signal to
the plurality of frequency-domain values provides for orthogonal frequency
division multiple access for the user device and at least one other user device.”
[Claim 26] “The computer program product of claim 19, wherein converting the
OFDM signal to the plurality of frequency-domain values provides for
orthogonal frequency division multiple access for the user device and at least
one other user device.”

251. Galda in view of Briininghaus teaches these limitations for the reasons
provided above regarding claim 8.
252. Thus, Galda in view of Briininghaus and Dowling renders obvious

claims 17 and 26.
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XI. DECLARATION IN LIEU OF OATH

I hereby declare that all statements made herein of my own knowledge are
true and that all statements made on information and belief are believed to be true;
and further that these statements were made with the knowledge that willful false
statements and the like so made are punishable by fine or imprisonment, or both,
under § 1001 of Title 18 of the United States Code and that such willful false
statements may jeopardize the validity of the application or any patent issued
thereon. If called to testify as to the truth of the matters stated herein, I could and
would testify competently.

I declare under penalty of perjury that the foregoing is true and correct.

April 25,2025 % A——»

Harry V. Bims, Ph. D.
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