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I. INTRODUCTION
1. I have been retained by T-Mobile USA, Inc., AT&T Corp., AT&T

Mobility LLC, AT&T Services, Inc., Cellco Partnership d/b/a Verizon Wireless, Nokia
of America Corporation, and Ericsson, Inc. (“Petitioners”) as an independent expert
consultant in this proceeding before the United States Patent and Trademark Office
(“PTO”) against Cobblestone Wireless, LLC (“Patent Owner”) regarding U.S. Patent
No. 8,891,347 (“the 347 Patent”) (Ex. 1001).1 I have been asked to submit this
Declaration on behalf of Petitioners.

2. I have been asked to consider whether certain references disclose or
render obvious the features recited in claims 1-4, 6-12, 14-17, and 19-23 (collectively,
the “Challenged Claims™) of the *347 Patent. My opinions are set forth below. Based
on my experience and expertise, it is my opinion that the prior art renders obvious all
limitations of the Challenged Claims, as I discuss in detail below.

3. [ am being compensated at a rate of $550 per hour for my work in this
proceeding. My compensation is in no way contingent on the nature of my findings,
the presentation of my findings in testimony, or the outcome of this or any other

proceeding. I have no other interest in this proceeding.

! Where appropriate, I refer to exhibits that I understand are to be attached to the

petition for Inter Partes Review of the 347 patent.
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4. All of my opinions stated in this Declaration are based on my own
personal knowledge and professional judgment. I am over 18 years of age and, if [ am
called upon to do so, I would be competent to testify as to the matters set forth in this
Declaration.

II. BACKGROUND AND QUALIFICATIONS

5. My background and expertise that qualify me as an expert are
described in detail in my Curriculum Vitae attached as Attachment A, which further
includes an accurate list of all publications authored by me in the previous 10 years
and a list of all cases in which I testified as an expert at trial or by deposition during
the previous 4 years. Below I have summarized those qualifications, as well as any
other background and expertise relevant to the technical issues in this case:

6. My educational background includes a Bachelor of Science in
Electrical Engineering (BSEE) from the University of Florida in 1991 and Master of
Science in Electrical Engineering (MSEE) from the Georgia Institute of Technology
(“Georgia Tech”) in 1992 focusing on digital signal processing.

7. I have worked as an engineer and entrepreneur in the field of wireless
communications for over 25 years and have been involved with various aspects of
wireless communications for the duration of my career.

8. From 1986 to 1991, while at the University of Florida, I interned with

Harris Corporation in various roles including mechanical design, software
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development, and digital design. From 1991 to 1992, while at Georgia Tech, I worked
at the Georgia Tech Research Institute (GTRI) as a graduate research assistant,
performing software development on classified government programs.

9. From 1993 to 1995, while working for Harris Corporation, I designed
various cellular communication systems for voice, data, and tracking/location. Many
of these systems I designed utilized advanced communications technologies, such as
those utilized in the then-developing and future telecommunications (such as IS95, W-
CDMA, and aspects of LTE).

10.  From 1995 to 1998, 1 worked at Spectrian in advanced development
and technical marketing. At Spectrian, I interfaced with Nortel’s and Qualcomm’s
product management and performed advanced technology development and systems
analysis. In this role, I designed IS-95 CDMA and GSM base station power amplifiers
and control electronics, and received several patents associated with advanced
linearization techniques for the reduction of transmitted distortion. I note that the peak
to average ratio of various waveforms was of particular concern in the design of the
power amplifiers and associated linearization techniques with the designs 1 was
involved with during my work at Spectrian.

11.  From 1998 to 2002, I served as the Director of Strategic and Technical
Marketing at Tantivy Communications, a venture capital-funded 3G cellular data and

chip set company. At Tantivy, I helped to architect and standardize the I-CDMA
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Spread Spectrum Systems Air Interface Standard (T1P1.4). 1 also developed both
wireless access terminals and base stations that complied with the standard. The base
stations utilized various IP protocols, and interfaced with the wire line network
utilizing IP over Ethernet. Additionally, I participated in and provided technical
contributions to 3GPP/3GPP2 standardization efforts related to the development of
CDMAZ2000 and 1XxEV-DO. This work resulted in me being a named inventor on more
than 150 pending or issued U.S. patents or applications.

12.  From 2002 to 2007, as co-founder of WiDeF1i, Inc., I served in various
roles including President, CEO, CTO, and board member. As the CEO, my
responsibilities included advanced development of platform technologies. I was a
named inventor of wireless technology components, including a frequency translating
TDD repeater, a same frequency repeater architecture for TDD/FDD-based systems,
and physical layer multi-stream MIMO repeater technology. WiDeF1 invented and pro-
vided wireless home networking products based on WiFi and cellular technologies.
While at WiDeFi, I was a named inventor on over 25 issued U.S. patents or patent
applications.

13.  From 2007 to 2009, I consulted as a principal engineer for Qualcomm
Inc. as part of the acquisition of WiDeFi’s technology. While at Qualcomm, I worked
with its corporate R&D division and developed consumer 3G and 4G cellular coverage

enhancement systems utilizing WiDeFi’s baseband interference cancellation
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technologies. My responsibilities included working with international cellular
operators on product requirements, detailed W-CDMA simulations, Long Term
Evolution (“LTE”) systems analysis, and participation in prototype product realization.
I am currently a named inventor on roughly 45 issued U.S. patents or patent
applications assigned to Qualcomm.

14.  From 2010 to the present, I have served as managing director and co-
founder of Proxicom Wireless, LLC, which has developed and continues to develop
cloud-based, mobile social networking and mobile payments technology based upon
the proximity and location of mobile devices. Proxicom currently holds twelve issued
U.S. patents and multiple pending patent applications, of which [ am a named inventor.
Significant aspects of Proxicom’s technology involve a mobile device’s use of short
range wireless technologies (802.11, near field communications, Bluetooth) in
combination with cellular data links (3G/WCDMA or 4G/LTE, for example) to
facilitate frictionless interactions via a wireless networked central cloud server.

15.  Since 2007, I have also been the principal of Proctor Consulting, LLC.
In this role, I have been a consultant relating to wired, wireless, and cellular
communication and technologies, start-up companies and intellectual property. I have
also been involved with numerous patent infringement, patent validity, and patent
analysis assignments for public and private companies in the wired, wireless, and

cellular networking industries.
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16.  Additionally, I have worked and consulted for both cellular
infrastructure and device focused companies (Spectrian, Qualcomm, Fastback
Networks), and defense contractors (Harris Corporation), where I developed covert-
tracking and location technologies involving CDMA and smart-antenna technologies.

17.  Invarious of the above-detailed roles, I have been responsible for the
development of business plans, product development plans, product development
budgets, and product bill of materials estimations. I have been responsible for
numerous product development teams, including schedule and costs of the
development process at various stages of my career. For example, at Tantivy
Communications, I ran a joint development of -CDMA cellular base stations in Seoul,
Korea that were used in a field trial in that country. Additionally, as founder and CEO
of WiDeFi, Inc., I was responsible for similar such activities, as required to raise
venture capital funding and reporting to the board of directors.

18.  Iam currently a named inventor on more than 325 issued U.S. patents,
and more than 700 international patent publications in total. A substantial portion of
my work has focused on wireless communication systems and products. A number of
these patents and patent applications are related to the subject matter of the patent
challenged in this matter. For example, the following patents, for which [ am a named
inventor, are examples of some of my experience relevant to the subject matter of this

declaration:
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U.S. Patent No. Title Priority Date
6,100,843 “Adaptive antenna for use in same frequency networks” | Sept. 21,
1998

7,002,902 “Method and system for economical beam forming ina | Feb. 23, 2000
radio communication system”

6,400,317 “Method and apparatus for antenna control in a Feb. 2, 2001
communications network”

9,924,468 “Antenna control system and method” Nov. 30, 2001

7,113,786 “Antenna adaptation to manage the active set to Mar. 8, 2002
manipulate soft hand-off regions”

8,027,642 “Transmission canceller for wireless local area network” | Apr. 6, 2004

7,463,200 “Directional antenna configuration for TDD repeater” Nov. 22, 2005

7,893,889 “Multiple-antenna device having an isolation element” Nov. 12, 2006

8,774,079 “Repeater techniques for multiple input multiple output | Oct. 10, 2007
utilizing beam formers”

11,443,344 “Efficient and secure communication using wireless Sept. 8, 2008
service identifiers”

8,477,665 “Method in a wireless repeater employing an antenna July, 14, 2010
array for interference reduction”

9,135,612 “Proximity detection, virtual detection, or location based | Apr. 17, 2011
triggering of the exchange of value and information”

19.  Based on my professional experience, I believe [ am qualified to testify
as an expert on matters related to the patent at issue.

20. I am currently consulting, working with and/or advising a number of
companies and universities. For example, I currently serve on the external advisory
board to the University of Florida’s Electrical and Computer Engineering department.
I also perform expert consulting work, research, and development in the area of
wireless communications with Proctor Consulting and Proxicom wireless. Finally, 1
perform conceptual and product development in the medical device field with Genesis

Medical Devices.
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III. MATERIALS REVIEWED

21.  The opinions contained in this Declaration are based on the documents
I reviewed, my professional judgment, as well as my education, experience, and
knowledge.

22.  In forming my opinions expressed in this Declaration, I also reviewed

the following materials and information:

Exhibit | Description
No.

1001 U.S. Patent No. 8,891,347 to Yin

1002 Prosecution History of the *347 Patent

1003 Stefania Sesia, et al., “LTE: The UMTS Long Term Evolution from
Theory to Practice

1004 Declaration of Dr. Hall-Ellis regarding the publication date of Sesia

1006 Patent Owner’s Infringement Contentions against AT&T in
Cobblestone Wireless, LLC v. AT&T Inc. et al, No. 2:22-cv-00474
(E.D. Tex.) filed December 15, 2022

1007 3GPP TSG RAN WGI Meeting #60, R1-101217, February 22-23,
2010, San Francisco, USA, available at
https://www.3gpp.org/ftp/tsg ran/WG1_RL1/TSGR1 60/Docs

1008 3GPP TSG RAN WG1 Meeting #60, R1-100926, February 22-26,
2010, San Francisco, USA, available at
https://www.3gpp.org/ftp/tsg ran/WG1_RL1/TSGR1_60/Docs

1009 Patent Owner’s Infringement Contentions against T-Mobile in
Cobblestone Wireless, LLC v. T-Mobile USA, et al. No. 2:22-cv-
00477 (E.D. Tex.) filed December 16, 2022
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Exhibit | Description
No.

1010 Patent Owner’s Infringement Contentions against Verizon in

Cobblestone Wireless, LLC v. Verizon Communications Inc., et al.,
No. 2:22-cv-00478 (E.D. Tex.) filed December 16, 2022

1013 Wiley Online Library listing for Sesia as of November. 22, 2023
(https://onlinelibrary.wiley.com/doi/book/10.1002/9780470978504?
SeriesKey=10.1002/9780470742891)

23. I also reviewed any other materials I refer to in this Declaration in
support of my opinions.

24. My opinions contained in this Declaration are based on the documents
I reviewed and my knowledge and professional judgment. My opinions have also been
guided by my appreciation of how a person of ordinary skill in the art would have
understood the state of the art, the prior art, and the claims and the specification of
the ’347 patent at the time of the alleged invention.

IV. LEGAL STANDARDS

25.  Petitioners’ attorneys have explained to me the legal standards that
apply in this case. My understanding of those standards is described below. I am not
an attorney, and I do not have formal training in the law regarding patents. I have used
my understanding of the following legal principles set forth in this section in reaching
my opinions.

26. I understand that, in this proceeding, Petitioners have the burden of

proving that the challenged claims are invalid by a preponderance of the evidence.
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A. Obviousness

27.  Thavebeen informed that a claim is invalid as obvious under 35 U.S.C.
§ 103 (pre-AlA) if the differences between the claimed subject matter and the prior art
are such that the subject matter as a whole would have been obvious at the time of the
invention to a person of ordinary skill in the art. | have been informed that the following
matters are relevant to determining whether the claimed invention would have been
obvious: (1) the scope and content of the prior art, (2) the difference or differences
between the patent claim and the prior art, (3) the level of ordinary skill in the art at
the time the invention of the patent, and (4) any secondary considerations or objective
indicia of non-obviousness.

28. I have been informed that the combination of familiar elements
according to known methods is likely to be obvious when it does no more than yield
predictable results. When a claim simply arranges prior art elements with each
performing the same function it had been known to perform and yields no more than
one would expect from such an arrangement, then such a combination is obvious.
When a patent claims a structure already known in the prior art altered by the mere
substitution of one element for another known in the field, the combination is likely to
be obvious unless the combination yields an unpredictable result.

29. I have been informed that when a work is available in one field of

endeavor, design incentives and other market forces can prompt variations of it, either

Ex. 1005, page 10
Ex.1005.00016



in the same field or a different one. If a person of ordinary skill in the art can implement
a predictable variation, such a variation is likely unpatentable. For the same reason, if
a technique has been used to improve one device, and one of ordinary skill in the art
would recognize 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. One
question to consider is whether the improvement is more than predictably using prior
art elements according to their established functions.

30. I have been informed that it may often be necessary, in a validity
analysis, to consider whether there was an apparent reason to combine the known
elements in the fashion claimed by the patent at issue. This can be accomplished by
looking to interrelated teachings of multiple patents or other publications or pieces of
prior art; the effects of demands known to the design community or present in the
marketplace; and the background knowledge possessed by one of ordinary skill in the
art.

31.  I'have been informed that a validity analysis need not seek out precise
teachings directed to the specific subject matter of the challenged claim; it is
appropriate to take account of the inferences and creative steps that a person of ordinary
skill in the art would employ. I have been informed that a person of ordinary skill in

the art is a person of ordinary creativity, not an automaton.
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32.  Ihave been informed that a claim composed of several elements is not
proved obvious merely by demonstrating that each element was, independently, known
in the prior art. | have been informed that it can be important to identify a reason that
would have prompted a person of ordinary skill in the art in the relevant field to
combine the elements in the way the claimed new invention does. I am told that one
way that subject matter can be proved obvious is by noting there existed at the time of
the invention a known problem for which there was an obvious solution encompassed
by the patent’s claims. I have been informed that any need or problem known in the
field of endeavor at the time of the claimed invention and addressed by the patent can
provide a reason for combining the elements in the manner claimed.

33. I have been informed that one should not assume that a person of
ordinary skill in the art attempting to solve a problem will be led only to those elements
of prior art designed to solve the same problem. Instead, I have been informed that
since familiar items may have obvious uses beyond their primary purposes, in many
cases a person of ordinary skill in the art will be able to fit the teachings of multiple
prior art references together like pieces of a puzzle.

34. 1 have been informed that, when there is a design need or market
pressure to solve a problem and there are a finite number of identified, predictable
solutions, persons of ordinary skill in the art have good reason to pursue the known

options within their technical grasp. If this leads to the anticipated success, the product
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was likely not accomplished by innovation but by using ordinary skill and common
sense. I have been informed that, in such an instance, the fact that the combination was
obvious to try may show that the combination was obvious.

35. I have been informed that, when determining whether a claimed
combination would have been obvious, the correct analysis is not whether a person of
ordinary skill in the art, writing on a blank slate, would have chosen the particular
combination of elements described in the claim. Instead, I have been informed that the
correct analysis considers whether one of ordinary skill, facing the wide range of needs
created by developments in the field of endeavor, would have seen a benefit to selecting
the combination claimed.

36. I have been informed that, when determining whether a claimed
invention is obvious, any “secondary considerations” of non-obviousness identified by
the patentee should also be considered. These secondary considerations can include:

e commercial success of the invention, causally related to the
invention itself rather than to companion factors, such as

advertising or attractive packaging;

e the invention taught away from the technical direction followed

by those skilled in the art;
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¢ along-felt but unsatisfied need for the invention while the needed

implementing arts and elements had long been available;

e the invention achieves results unexpected to those skilled in the

art;

e copying of the invention by competitors as distinguished from

their independent development

e unsuccessful attempts by those skilled in the art to make the

invention;

e acquiescence by the industry to the patent’s validity by honoring
the patent through taking licenses or not infringing the patent, or

both; and

e skepticism, disbelief in or incredulity by those skilled in the art

that the patentee's approach worked.

37. I have been informed that, for the above information to impact the
obviousness of a patent claim, there must be a nexus between the alleged secondary
considerations and the claims. In addition, I have been informed that the burden of
introducing evidence of secondary considerations generally is on the Patent Owner. If

the Patent Owner or its expert should assert secondary considerations of non-
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obviousness, I reserve the right to provide a Declaration addressing assertions of non-
obviousness due to secondary considerations.

B. Claim Construction

38. I have been informed that claim terms are typically given their plain
and ordinary meanings, as would have been understood by a person of ordinary skill
in the art at the time of the earliest alleged priority date. I have further been informed
that when considering the meaning of any terms in the Challenged Claims of the *347
patent, I should apply the plain and ordinary meaning of those terms. I have further
been informed that in considering the meaning of the claims, one must consider the
language of the claims, the specification, and the prosecution history of record.

39. I have been informed that in general, a preamble limits the invention
if it recites essential structure or steps, or if it is necessary to give life, meaning, and
vitality to the claim. I have further been informed that a preamble is not limiting where
a patentee defines a structurally complete invention in the claim body and uses the
preamble only to state a purpose or intended use for the invention. I have further been
informed that dependence on a particular disputed preamble phrase for antecedent basis
may limit claim scope because it indicates a reliance on both the preamble and claim
body to define the claimed invention. I have further been informed that clear reliance

on the preamble during prosecution to distinguish the claimed invention from the prior
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art transforms the preamble into a claim limitation because such reliance indicates use
of the preamble to define, in part, the claimed invention.

V. PERSON OF ORDINARY SKILL IN THE ART AND THE TIME OF
THE ALLEGED INVENTION

40. I have been asked to assume that the ’347 patent is entitled to its
earliest alleged priority date of July 28, 2011. See Ex. 1001.

41.  Based on the materials and information I have reviewed and based on
my experience in the technical areas relevant to the *347 Patent, a person of ordinary
skill in the art at the time of the alleged invention of the *347 Patent would have had at
least a bachelor’s degree in electrical engineering, computer engineering, computer
science, physics, or the equivalent, and at least two years of experience working in the
field. Relevant working experience would include experience with cellular
telecommunications and networking, radio-access network architectures, protocols,
and signal propagation in wireless networks. More education can supplement practical
experience and vice versa. Based on my knowledge and experience, including as
discussed above in section II, I was a person of ordinary skill in the art at the time of
the alleged invention of the 347 Patent and can provide opinions regarding the
knowledge of a person of ordinary skill in the art as of that time. My opinions herein
are, where appropriate, based on my understandings as to a person of ordinary skill in
the art at that time. [ myself had these capabilities at the time of the alleged invention

of the *347 patent.
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VI. THE ’347 PATENT
A. Description of the ’347 Patent’s Specification

42.  The ’347 Patent describes a pre-distortion technique that can be used
for wireless data transmissions in wireless communication systems such as Long-
Term-Evolution (LTE)-Advanced and ad-hoc wireless networks (e.g., vehicular
wireless networks). Ex. 1001 at 12:54-58. The ’347 Patent explains that wireless
communications systems are faced with numerous challenges. Id. at 1:6-7. For
example, the *347 Patent explains that one of these challenges occurs when co-located
heterogenous networks create interference and difficulties in inter-network handover.
Id. at 1:9-11. The ’347 Patent identifies several existing techniques that have been
developed to address these challenges in wireless communication systems, such as,
relay techniques and coordinated multi-point (CoMP) transmission. /d. at 1:11-14.
Both of these techniques operate by increasing the number of parallel channels between
a source of a signal (e.g., a transmitter) and a destination for the signal (e.g., a receiver)
to improve performance of the wireless communication system. /d. at 1:14-17.

43.  Another commonly used technique identified by the 347 Patent is
channel equalization. /d. at 1:22-26. The 347 Patent explains that channel equalization
techniques are used by a receiver to recover a transmitted signal by removing distortion
that occurs during transmission. /d. at 24-26. More specifically, channel equalization

enables the receiver to phase align and constructively combine signals that arrive at the
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receiver from different paths. Id. at 1:27-29. Examples of channel equalization
techniques include the RAKE receiving technique, the frequency equalization
technique, and the time-frequency equalization technique known to be used in in prior
art TD-LTE systems. /d. at 1:30-37.

44,  The ’347 Patent explains that the problem with channel equalization
techniques is that these operations are performed at the receiver which means that the
receiver needs to have additional resources for performing the equalization. /d. at 1:38-

41. To address this problem, the *347 Patent proposes a “pre-distortion” technique.

Figure A — Annotated Fig. 1 of 347 Patent

122 Different Propagation Paths

Transmitter g ... 123 Receiver
A . — i

FIG. 1

45.  Figure 1 of the ’347 Patent, illustrated above, is an example of wireless
communication system that is configured for communications between a base station
and a mobile station is shown. Id. at 3:23-26, Fig. 1. In this example, the base station

(shown as element 110) is acting at the transmitter and the mobile station (shown as
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element 150) is acting as the receiver. Id. This example shows how the environment
between the transmitter and receiver may cause signals between the transmitter and the
receiver to scatter, diffract, reflect, and interact with different objects as they propagate,
which results in these signals following different propagation paths (shown as elements
170, 175, and 180 (illustrated in green, orange, and blue above)). Id. at 3:26-30; see
also id. at 7:38-44.

46.  Having multiple propagation paths results in signals experiencing
different delays, direction of arrival, direction of departure, and Doppler frequency
shifting as they propagate between the transmitter and the receiver. /d. at 3:47-48. One
of the consequences of each signal experiencing different distortions along their
respective propagation path is that the transmitted signals arrive at the receiver with
different phases. /d. at 3:48-50 and 7:44-49. Having multiple copies of the originally
transmitted signal with different phases means that these signals may combine
constructively or destructively with each other at the receiver. /d. at 7:47-49.

47.  Constructive interference occurs when two copies of the same signal
are combined with the relative their phases sufficiently aligned such that the amplitude
of the resulting combined signal is larger than each of the individual amplitudes.
Conversely, deconstructive interference occurs when two copies of the same signal are
combined with the relative their phases sufficiently mis-aligned such that the amplitude

of the resulting combined signal is smaller than either of the individual amplitudes. In
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this case, when the signals are combined, the signals will tend to cancel each other out
to at least some degree, and in some cases such cancelation is very significant (orders
of magnitude). As an example, if two multipath signals (that is a common signal which
arrives at the same location via two different propagation paths) are exactly 180°
degrees out of phase and have the same amplitude (i.e., have a 180°-degree phase shift
between each other), then these signals will cancel each other out completely when
they are combined. This interference or distortion can cause issues when a receiver
attempts to decode the data contained within the signals as the signals may have
become corrupted or modified, leading to errors in the recovered information bits.

48. To avoid destructively combining signals, existing equalization
techniques are used by receivers to remove distortions from the received signals to
recover the originally transmitted signal. /d. at 7:50-51. After performing equalization,
the signals at the receiver are phase aligned which allows these signals to then be added
together constructively. /d. at 7:52-55.

49.  The technique disclosed by the ’347 Patent attempts to make wireless
communications between the transmitter and the receiver more analogous to wired
communications by mitigating or removing problems such as interference cancellation
and capacity limitations at the transmitter. /d. at 3:38-43. More specifically, the *347
proposes a different technique from traditional equalization, where transmitted signals

are modulated in such a way that they arrive at the receiver undistorted and with the
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same phase so they can be superimposed coherently (i.e., combined constructively or
“focused™). Id. at 3:50-58. The ’347 Patent explains that the benefits of this proposed
technique include a decrease in total transmission power due to energy efficiency
increase, a reduction in interference among users which results in an improved quality
of service, and a reduction in the need for multi-point cooperative technologies. /d. at
3:58-67.

50.  Unlike equalization which occurs at the receiver, the process proposed
by the ’347 Patent involves adding pseudo distortion to a signal at the transmitter such
that the distortion is removed as the signal propagates through a channel to the receiver.
Id. at 7:63-8:3.

51.  Figure 4 of the ’347 Patent shown below illustrates steps for

performing the pre-distortion technique of the *347 Patent.
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Figure B — Fig. 4 of the °347 Patent
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52.  Figure 4 of the ’347 Patent illustrates a flowchart for the process
proposed by the *347 Patent. This process involves the transmitter first transmitting a
first signal that to the receiver. Id. at 8:7-9. In this case, the first signal serves as a
known reference signal that comprises distorted preambles or training sequences. /d.
at 8:9-11. After receiving the first signal, the receiver then performs channel estimation
on the first signal to determine parameters or channel information associated with each
of the propagation paths. /d. at 8:11-16. By performing channel estimation, the receiver

is able to obtain parameters and channel information such as a delay, a Doppler
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frequency shift, a direction of arrival, a direction of departure, and a complex amplitude
for each of the propagation paths. /d. The 347 Patent provides numerous examples of
techniques that can be used for performing channel estimations. Id. at 8:17-67.

53.  After performing channel estimation, the receiver sends feedback
about the determined channel estimation information to the transmitter. /d. at 9:1-5.
The receiver sends the feedback to the transmitter along the respective propagation
path for each of the transmitted first signals. /d. After receiving the channel estimation
information from the receiver, the transmitter then uses the channel estimate
information to pre-distort a second signal in the time domain, frequency domain, and
spatial domain that is transmitted to the receiver. Id. at 9:6-12, 12:33-35. Applying the
pre-distortion to the second signal in all three domains generates a signal that is
transmitted with appropriate settings for transmission time, transmission pace and
direction, receiving directions and complex weights of the signal (producing multiple
pre-distorted signal replicas which are combined and transmitted). /d. After, the
transmitter transmits the pre-distorted second signal to the receiver. Id. 9:12-14.

54.  The ’347 Patent explains that the benefit of the proposed pre-distortion
technique is that the pre-distortion which is added by the transmitter will be
automatically removed during transmission and channel propagation. /d. at 9:49-54. In
this way, the channel itself acts as an equalizer. Id. As the pre-distorted signals

propagate along their respective propagation paths, they become phase aligned by the
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time they arrive at the receiver, which results in the signal constructively combining at
the receiver without performing equalization at the receiver. Id. at 9:54-56.

55.  The ’347 Patent also explains that its path parameter information is not
like the conventional channel estimate information that is used in conventional
precoding techniques. Ex. 1001 at 11:60-12:2. Rather, the *347 Patent differentiates
itself from these conventional techniques by disclosing that a full-dimensional
parametric description of the channel is utilized which 1s more accurate than using
traditional codebooks. Id. As an example of such full-dimensional parametric
information, the ’347 Patent identifies parameters that include delay, Doppler
frequencies, direction of departure, and direction of arrival. /d. at 11:66-67.

56.  The 347 Patent further explains that a receiver may consider channel
estimation information describing the propagation path with respect to the frequency
domain, the time domain, and the spatial domain. /d. at 9:67-10:9. More specifically,
the 347 Patent states that the receiver may consider information about delays for each
path for synchronizing transmissions through different paths. /d. The receiver may also
consider Doppler frequency for synchronizing transmissions. /d. Additionally, the
receiver may consider directions of departure for signals aligned in the input of
multiple antennas at the transmitter side. /d. Furthermore, the receiver may also

consider directions of arrival at the output of multiple antennas at the receiver side. /d.
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B. The ’347 Patent’s Prosecution History

57.  T'have reviewed the prosecution history of the 347 Patent. In the first
Non-Final Office Action, the Patent Office rejected Claims 1, 8, 12, 16, 19, 21, 25, 28,
and 32 of the *347 Patent as being anticipated by U.S. Patent Application Publication
No. 2007/0177551 to Joham (“Joham”) under 35 U.S.C. §102(b). Ex 1002 at 95. The
Patent Office also rejected Claim 9 of the *347 Patent as being unpatentable over Joham
in view of U.S. Patent Application Publication No. 2010/0177746 to Gorokhov
(“Gorokhov”™). Id. at 101.

58.  Inresponse to the Office Action with respect to Claim 1, Patent Owner
distinguished the claims of the 347 Patent from Joham based on the claim element
“predistorting a second signal at the transmitter in a time domain, a frequency domain,
and a spatial domain.” Patent Owner argued that Joham only discloses compensating
for spatial components and not distorting a signal in three domains (i.e., the time
domain, the frequency domain, and the spatial domain as recited in claim 1). Id. at 79.
Patent Owner further argued that independent Claims 12, 21, and 28 and their
corresponding dependent claims are also allowable for analogous reasons. /d. Patent
Owner also further argued that Claim 9 is also allowable since Claim 9 depends from
Claim 1. /d. at 80.

59.  In response to Patent Owner’s remarks, the Patent Office issued a

Notice of Allowance (“NoA”) thereafter. Id. at 46. In the Notice of Allowance, the
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Examiner noted that Joham failed to specifically teach “wherein the predistorting is
performed in each of the time domain, frequency domain, and the spatial domain.” /d.
at 49, 51, 53, 55.

C. Interpretation of the >347 Challenged Claims

60.  For the purposes of my analysis in this IPR proceeding, I understand
that the words of a claim are given their plain meaning that those words would have
had to a POSITA at the time of the alleged invention. I also understand that the
structure of the claims, the specification, and the prosecution history may also be used
to better construe a claim insofar as the plain meaning of the claims cannot be
understood. Moreover, I understand that even treaties and dictionaries may be used,
albeit under limited circumstances, to determine the meaning attributed by a POSITA
to a claim term at the time of filing. Furthermore, I understand that a Patent Owner’s
own apparent interpretation of certain terms in related proceedings can be considered
to determine the meaning of patent claims in an IPR proceeding.

61. Ihave followed this approach in my analysis, and for all but two claim
terms considered in this Declaration, I have applied the plain and ordinary meaning of
those terms as the would have been interpreted by a POSITA at the time the invention
was made (not today). For purposes of my analysis here, | have used the July 28, 2011

priority date of the 347 Patent as the date of the invention.
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62.  The two exceptions are for the terms: “path parameter information”
and “predistorting a second signal at the transmitter in a time domain, frequency
domain, and a spatial domain.” While I understand that the Patent Owner has not
formally provided proposed constructions, Patent Owner’s infringement contentions
(Exs. 1006, 1009, 1010) indicate to me that the Patent Owner has taken a broad
interpretation of the claims that is not consistent with the plain and ordinary meaning
that should be considered when assessing the validity of the Challenged Claims. As
such, while I do not necessarily agree with these interpretations, I will consider them
in rendering my below opinions.

1. “path parameter information”

63. In Patent Owner’s infringement contentions, Patent Owner is
construing “path parameter information” broader than, and contrary to its plain and
ordinary meaning. Specifically, it is seeking to construe the term to include any channel
state information feedback, regardless of whether that channel state information is an
explicit or implicit channel estimation. Ex. 1006 at 7-8; Ex. 1009 at 7-8; Ex. 1010 at
7-8. An implicit estimation is not path parameter information as a POSITA would
understand the term in the *347 Patent. See e.g., Ex. 1001 at 11:60-12:6 (*“. . . the system
and methods described above make use of the parameters of the propagation channel,
e.g. the delay, Doppler frequencies, directions of departure and directions of arrival.

This full-dimensional parametric description of the channel can be much more accurate
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than using the codebooks. . . .”), 14:18-21 (““‘Additionally, the systems and methods
described herein make use of the parameters of propagation instead of the simplified
channel status information, and thus, the focus resulted can be highly concentrated.”).

64.  As stated above and explained by the 347, a codebook value is not a
“parameter of propagation,” but “simplified channel status information.” A POSITA
would understand that the selection of a codebook is not a direct (e.g., explicit)
measurement of the channel, but a value which is usable to optimize the reception of a
signal at the mobile device. However, such a codebook is an implicit measurement
because conditions of the channel may be implied by the value of the codebook.
Similarly, a measured “signal to noise ratio” (SNR) is related to a signal condition after
having been received through the path (an implicit measurement), but is not a “explicit”
measurement of the path because the transmission power of the signal must also be
known to determine the loss of signal along that path (e.g., path loss—a direct path
parameter). Thus, a POSITA would understand that implicit measurements can be used
to “imply” the condition of the path but are not measurements of the path itself such as
doppler, delay, and directions, or even path loss as I have explained. Below, I will
provide more explanation relating to the implicit and explicit channel feedback in
relation to the Sesia Reference (Ex. 1003).

65.  Patent Owner alleges that a UE obtains path parameter information

when “the UE performs link channel state estimation based on the first signal.” Ex.
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1006 at 7; Ex. 1009 at 7; Ex. 1010 at 7. The Patent Owner then points to the implicit
estimations of channel state based on the CSI-RS. Specifically, Patent Owner points to
3GPP TS 38.300 v17.2.0 at section 5.2.5.1,> which explains that “for channel state
estimation purposes, the UE may be configured to measure CSI-RS and estimate the
downlink channel state based on the CSI-RS measurements.” Ex. 1006 at 8; Ex. 1009
at 8; Ex. 1010 at 8. The estimated channel state values based upon the CSI-RS
measurements in 5G (the alleged path parameter information) are generally simplified
representations of the channel, not specific parameters such as delay, Doppler
frequencies, directions of departure and directions of arrival. But see Ex. 1001 at 11:60-
12:6, 14:18-21. In other words, these CSI-RS measurements (the alleged path
parameters) are implicit measurements of the channel (such as codebooks) not explicit
measurements.

66.  Under this infringement read, Patent Owner is apparently interpreting
the claims such that any information estimating the downlink channel state is “path

parameter information,” regardless of whether it is simplified, explicit, or a full-

2 Patent Owner cites 3GPP TS 38.200 v2.0.0, § 5.2.5.1, however 3GPP TS 38.200 is
not an actual standard, and I assume this was a typographical error. The portion
copied in Patent Owner’s infringement contentions appears to be from section

5.2.5.1 of 3GPP TS 38.300 v17.2.0, which I have cited here.
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dimensional parametric description. Ex. 1001 at 8:11-16, 11:62-12:6, 14:18-21. As will
be shown below, in my opinion Sesia discloses this limitation under either the plain
meaning or Patent Owner’s apparent interpretation.

2. “predistorting a second signal at the transmitter in a time
domain, frequency domain, and a spatial domain”

67. Based on my review of the Patent Owner’s infringement contentions
in the related district court proceedings, it appears to me that Patent Owner is
interpreting “predistorting a second signal at the transmitter in a time domain,
frequency domain, and a spatial domain” as beamforming a wireless signal. Ex. 1006
at 9; Ex. 1009 at 9; Ex. 1010 at 9) (“a 5G NR signal with beamforming is a predistorted
signal in time, frequency, and space.”). Patent Owner further alleges that “applicable
time and frequency subcarriers are selected based on the returned CSI, and an
appropriate spatial beam refinement is selected based on the returned CSI.” Id. The
Patent Owner apparently also accuses the selection of transmission resources by the
base station to be a form of predistortion in the time domain and the spatial domain
stating, “[1]n this illustration, a resource block is placed in a particular subframe (by
time) and resource block (by frequency, i.e. subcarriers).” Ex. 1007 at 10; Ex. 1009 at
10; Ex. 1010 at 10.

68. I do not necessarily agree that the selection of time and frequency
resources and that beamforming are jointly or individually predistortion, but, under

Patent Owner’s apparent interpretation, the claim must be broad enough to capture the
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resource selection and beamforming of a wireless signal. I note that the Patent Owner
provides no other accusations in its infringement contentions (Ex. 1007 at 9-10; Ex.
1009 at 9-10; Ex. 1010 at 9-10) as to how they believe these limitations are met.
Therefore, I will consider the patent owner’s apparent interpretation of this term in my
analysis below. As will be shown below, in my opinion Sesia renders obvious this
limitation under Patent Owner’s broader interpretation.

VII. SUMMARY OF THE PRIOR ART
A.  Sesia (Ex. 1003)

69.  The *347 Patent is directed to a system for use within conventional and
future wireless communications systems, such as an LTE and LTE-Advanced wireless
communication system. Sesia describes the same wireless communication systems in
extensive detail. Ex. 1001 at 12:54-62; Ex. 1003 at xxix-xxx. Sesia was published by
John Wiley & Sons, Inc. (“Wiley”) on the “Wiley Online Library” on July 22, 2011,
which is before the effective filing date of the *347 Patent. See Ex. 1004, 4917-22; see
also Ex. 1013. I am personally familiar with the Wiley and their “Wiley Online
Library.” In my experience, Wiley is a well-known, reputable compiler and publisher
of scientific and technical publications, and members in the scientific and technical
communities who both publish and engage in research rely on information published

by Wiley and on its website. As such, a POSITA would take the “First published” date
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provided on the Wiley Online Library website as a reliable date indicative of a given
reference’s publication status.

70.  Sesia i1s a collaborative work that is authored by numerous
telecommunication experts that have thorough knowledge and experience with
wireless communications systems and the standards-setting environment, 3rd
Generation Partnership Project (3GPP). Ex. 1003 at xxvii; see also id. at xxiii-xxv. In
general, Sesia provides a “thorough, authoritative and complete tutorial” of LTE and
LTE-Advanced communications systems. Ex. 1003 at xxvii. The goal of Sesia is to
provide “an explanatory course through the LTE specifications, to support those who
design LTE equipment.” Ex. 1003 at xxx. Sesia explains that the LTE specifications
“are a record of decisions taken — decisions which are often compromises between
performance and cost, theoretical possibility and practical constraints.” Ex. 1003 at
xxx. As such, Sesia is written in such a way to give its reader detailed insight into the
evaluations and trade-offs behind technology choices that are inherent to LTE and
LTE-Advanced communications systems. /d. For example, Sesia is written to provide
a detailed explanation and tutorial of the theoretical understanding and practical
techniques that are used in LTE and LTE-Advanced communication systems. /d. at
XXVIl.

71.  In addition, Sesia provides comprehensive discussions over various

aspects of LTE and LTE-Advanced communications systems including the
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requirements and targets for LTE, technologies for LTE, the LTE network architecture,
Orthogonal Frequency-Division Multiplexing (OFDM), Orthogonal Frequency
Division Multiple Access (OFDMA), downlink physical layer design, reference
signals and channel estimation, link adaptation and channel coding, multiple antenna
techniques, multi-user scheduling and interference coordination, uplink physical layer
design, uplink physical channel structure, the radio propagation environment, LTE
system performance, LTE-Advanced, beamforming, multiple antenna techniques for
LTE-Advanced, Multiple-Input Multiple-Output (MIMO), and more. /d. at vii-xx.

72.  Before discussing the Challenged Claims in detail, below 1 will
summarize some of the relevant aspects of LTE discussed by Sesia:

1. Signal Propagation in LTE

73.  In communication systems, a base station (referred to as an eNodeB in
LTE) communicates with one or more mobile devices or user equipment (“UE”). Ex.
1003 at 438-39.

74.  The concept of propagation refers to how signals move through the
environment. Thus, in designing wireless systems, it is important to consider how
signals propagate through the environment. Ex. 1003 at 438-39. Sesia explains how
propagation can differ based on the environment. Rural, suburban, urban, and indoor

settings each present different challenges. Ex. 1003 at 437. In addition, features of the
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device could impact propagation. For example, the propagation of signals is impacted
by the type of antenna that is used. /d. at 437-38.

75.  Figure C shows an annotated Figure 20.1 of Sesia, which illustrates
several propagation paths that exist when performing wireless communications
between a transmitter (e.g., an eNodeB with an omnidirectional antenna) and a receiver
(e.g., a UE). Ex. 1003 at 438-39. In Figure C these propagation paths are shown as
Paths 1 (orange), 2 (blue), and 3 (green)). Ex. 1003 at 438-39. Each of these
propagation paths are capable of carrying a signal that is transmitted by the transmitter

to the receiver. Id. at 437-39.

Figure C — Annotated Figure 20.1 of Sesia (Ex. 1003)
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76.  As signals travel across these different propagation paths between the
transmitter and the receiver, the signals will each be impacted by its given path in some

way. Ex. 1003 at 438-39. For example, the signals on each path may reach the receiver
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at different times (i.e., they may have different delays). /d. As a further example, the
Path 3 signal may reach the UE before the Path 1 signal and Path 2 signal. Furthermore,
the characteristics of these different propagation paths may also affect the signals in
the frequency and space domain in addition to the time domain. Ex. 1003 at 438-39.
These different propagation paths are created by and impacted by the environment. For
example, reflection or diffraction caused by buildings, trees, cars, or other physical
objects could alter the propagation paths.

77.  As another example, Sesia discloses that in Multiple Input Multiple
Output (MIMO) wireless communication systems, such as those used in LTE, the
transmitter and the receiver may each have a plurality of antennas that are used for
transmitting signals. /d. at 252. Figure D shows an annotated Figure 11.2 of Sesia
which illustrates the propagation paths that exist when transmitting signals between the
transmitter with multiple antennas and the receiver with multiple antennas. /d. Similar
to the previous example, each of these propagation paths is capable of carrying a signal

that is transmitted by the transmitter to the receiver.
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Figure D — Annotated Figure 11.2 of Sesia (Ex. 1003)
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Figure 11.2: Simplified transmission model for a MIMO system with N transmit antennas
and M receive antennas, giving rise to an M X N channel matrix, with MN links.

2. Signaling in LTE

78.  Sesia provides significant detail regarding the operation of the physical
layer in LTE. Ex. 1003 at Part 2 and Part 3. The physical layer defines the types of
signals, format of signals, and timing of signals that can be transmitted over the air in
an LTE system.

79. A key part of the physical layer description is the explanation of the
channels used and the types of signals transmitted. Ex. 1003 at 149; see also id. at Chpt.
9. For example, LTE defines a number of channels for transmission of data and control
information to a UE. Id.

80.  Another type of signal that is described in detail in Sesia related to

physical layer procedures is a reference signal. See Ex. 1003 at Chpt. 8 (titled
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“Reference Signals and Channel Estimation). A reference signal is a signal having
known attributes that does not carry any unknown data values. Ex. 1003 at 166-68,
651-57. Sesia explains that a reference signal may be a known symbol sequence or
arrangement that is inserted into a signal structure that is transmitted to a UE. Id; see
also id. at 165-768 and 651-57. Sesia discloses several examples of reference signals
that are used for channel estimation in LTE downlink, which include cell-specific
reference signals, UE-specific reference signals, MBSFN-specific reference signals,
Positioning reference signals, and Channel State Information (CSI) reference signals
(CSI-RS). Id. at 167.

81.  As an example, Sesia discloses that CSI-RSs were introduced in
Release 10 specifically for the purpose of estimating the downlink channel state. /d.
As another example, Sesia discloses that cell-specific reference signals can be
transmitted to and used by a UE to perform channel estimation for demodulating data
and deriving feedback on the quality and spatial properties of the downlink radio
channel. /d. at 651.

82.  Sesia provides a schematic diagram of exemplary steps involved in the
formation of a downlink LTE signal. Ex. 1003 at 148. These steps include modulation

mapping, layer mapping, precoding, and OFDM signal generation.
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Figure E — Figure 6.3 of Sesia (Ex. 1003)

Codewords Layers eMB antenna porls

' Modulation RE QOFDM signal ﬂl
> - * - = - =

1|| Scrambling mapper i mapper generation | |

Layer i | ) i ‘

; Precoding H

I|I mapper | . | P

| ' Modulation RE OFDM signal ||
> * » » » - i e

\J Scrambling mapper \j mapper generation N

Figure 6.3: General signal structure for LTE downlink.
Reproduced by permission of © 3GPP.

83.  The precoding stage is the point at which the signals may be adjusted
based on a defined “codebook” with what is known as a “precoding matrix.” Ex. 1003
at 266-268. The precoding matrix alters the signal so that it is better able to exploit the
channel (or paths) it is sent along by altering the signal in certain ways. /d.

84.  With regard to the detection of signals, LTE was designed to use
coherent detection of signals. Ex. 1003 at 165-66. Coherent detection exploits
knowledge of channel conditions to improve detection. Ex. 1003 at 165-66. For
example, coherent detection is able to leverage the phase and amplitude of a signal
whereas non-coherent detection can only make use of the amplitude. /d. Sesia explains
that “[o]ptimal reception by coherent detection therefore typically requires accurate
estimation of the propagation channel,” and “[a] common and simple way to estimate
the channel is to exploit known signals which do not carry any data.” Id. Sesia further
explains, that “[iJn order to estimate the channel as accurately as possible, all

correlations between channel coefficients in time, frequency and space should be taken
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into account.” Id. at 166. Reference signals in LTE are used to allow a UE to perform
these estimations. Ex. 1003 at 166-68.

85.  Sesia further discloses that the usage of reference signals can be
implemented by an eNodeB that has a single physical transmit antenna or multiple
physical antenna elements. Ex. 1003 at 167. In addition, Sesia discloses that a UE can
be configured to derive a channel estimate for all data transmitted on an antenna port
regardless of whether it represents a single radio channel from a physical antenna or a
composite channel from multiple physical antenna elements. /d.

3. Channel Estimation using Refence Signals

86.  Sesia also describes multiple methods of performing channel
estimation, including estimations in the frequency-domain, the time-domain, and the
spatial-domain. See Ex. 1003 at Chpt. 8.4 (discussing channel estimation based on
frequency-domain characteristics.); Chpt. 8.5 (discussing channel estimation based on
time-domain characteristics and explaining that the benefit of a time-domain channel
estimation is the possibility to enhance a channel estimate by exploiting its time
correlation with a channel); Chpt. 8.6 (discusses channel estimation based on spatial-
domain characteristics).

87. As shown in Figure F, Sesia provides a model of a simple

communication system. /d. at 165. As disclosed in Sesia, “x” represents a transmitted
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signal that passes through a radio channel (shown as “H”’) which experiences additive

noise (shown as “n”) before being received at the receiver as (shown as “y”). Id.

Figure F — Figure 8.1 of Sesia (Ex. 1003)
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Figure 8.1: A simple transmission model.

88.  Sesia also discloses a mathematical representation (i.e., a transfer
function) of the transmission model for a communication system. For example, Sesia
discloses that the transmission model can be represented as:

r(t) = x(t) * h(t) + z(t) (1)
where r(t) represents a received signal at the receiver in a multipath environment,
x(t) represents a symbol transmitted at time instant “t,” h(t) represents the
continuous-time impulse response of the channel between a transmitter and a

koo

receiver, represents the convolution operation, and z(t) represents the additive
noise. Id. at 127; see also id. at 131.

89.  Sesia provides several examples of the types of issues that a

transmitted signal may experience in the radio channel before being received at the

receiver. For example, Sesia discloses that the relative speed between the transmitter

and the receiver may generate a frequency error due to Doppler shifting. /d. at 133-34.
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As another example, Sesia discloses that a transmitted signal may experience a phase
shift which corresponds with a time delay or a delay spread. /d. at 135-36.

90.  Sesia continues by explaining that a common and simple way to
estimate a channel is to use known signals (i.e., reference signals). Id. at 166. As
discussed above with respect LTE signaling, Sesia discloses that the transmitter
transmits a reference signal, such as a CSI-RS, to the UE to perform channel estimation
for deriving feedback on the quality and spatial properties of the downlink radio
channel. /d. at 167 and 651.

91.  Sesia describes how a UE can determine the transfer function (for
example Equation 1 shown above) of channels from different antenna ports by making
measurements on reference signals. Id. at 273. Sesia explains that the channel
estimation problem is related to the physical propagation characteristics of a channel
which may include the number of transmit and receive antennas, transmission
bandwidth, carrier frequency, cell configuration, and the relative speed between the
eNodeB and UE receivers. Id. at 174-75. Sesia further explains that, in general, the
carrier frequencies and system bandwidth mainly determine the scattering nature of the
channel, the cell deployment governs its multipath, delay spread, and spatial
correlation characteristics, and the relative speed sets the time-varying properties of

the channel. Id. at 174-75.
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92.  Since the channel estimation problem is related to the physical
propagation characteristics of a channel, Sesia discloses that downlink transmission
resources in LTE possess dimensions of time, frequency, and space. Id. at 145-46; see
also id. at 175. Sesia continues by explaining that in order to estimate the channel as
accurately as possible, all correlations between the channel coefficients in time,
frequency, and space should be taken into account. /d. at 166.

93. Sections 8.4, 8.5, and 8.6 of Sesia discuss methods to perform channel
estimations in the frequency-domain, the time-domain, and the spatial-domain so as to
obtain path parameter information for a given propagation path. For example, in
Section 8.4 of Sesia, Sesia discusses performing channel estimation based on
frequency-domain characteristics. /d. at 178-81. In this section, Sesia discloses a
Channel Transfer Function (CTF) for the frequency-domain. /d. Notably, the disclosed
Channel Transfer Function includes an element (shown as “h”) that corresponds with
the Channel Impulse Response in the frequency-domain. /d. In Section 8.5 of Sesia,
Sesia discusses performing channel estimation based on time-domain characteristics.
Id. at 181-84. Sesia explains that the benefit of a time-domain channel estimation is the
possibility to enhance a channel estimate by exploiting its time correlation with a
channel. /d. In Section 8.6 of Sesia, Sesia discusses performing channel estimation

based on spatial-domain characteristics. /d. at 184-85. Sesia explains that it is assumed
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that an LTE UE has multiple receiving antennas, which provides an opportunity to
correlate a channel in the spatial-domain to further enhance a channel estimate. /d.

94.  In addition, Sesia states that the LTE specification does not mandate
any specific channel estimation techniques and that there is complete freedom in
implementation provided that the performance requirements are met, and the
complexity is affordable. /d. at 185. Sesia even goes further and states that
improvements to channel estimate techniques may be used which go beyond the
example techniques described in Sesia. /d.

95.  Sesia also explains that in performing channel estimation a receiver
could provide two types of feedback to a transmitter regarding the path parameter
information for the propagation path determined by channel estimation performed on
a reference signal: implicit feedback and explicit feedback. Ex. 1003 at 274, 662-63.
Sesia states that “[i]n Release 10, the same CQI/PMI/RI [[Channel Quality Indicator /
Precoding Matrix Indicator / Rank Indicator]] feedback types are used as in Release
8.7 Ex. 1003 at 662. And that “this is often described as implicit feedback, as it provides
an implicit representation of the channel consisting of an indication of the data rate that
could be achieved if the eNodeB used a certain precoder.” Id. In contrast, Sesia sates
with regard to explicit feedback measurements that “[t]he concept of implicit (i.e.
recommended precoder) feedback can be compared to what is sometimes called

explicit feedback (not supported in LTE or LTE-Advanced), whereby a UE would
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instead explicitly report a quantized representation of the physical CSI without making
assumptions about the nature of the eNodeB precoder.” Id. at 663. While Sesia
discloses these two types of feedback, Sesia explains that ultimately explicit feedback
was not adopted into Release 10 of the LTE 3GPP standard. /d.

96.  The 3GPP LTE standard is a collection of detailed specifications that
describe how LTE wireless communications system should work for both the UEs and
the base stations. These specifications help to ensure that both systems operate in the
same way and are thus interoperable with each other regardless of the manufacturer.
The group that develops these specifications—3GPP—is comprised of many different
members that come from various research institutions and industry partners. As such,
the standardization process is an involved discussion by various parties that often
involves the parties submitting various competing proposals for implementing a given
functionality. Ultimately, the parties vote on what they believe to be the best proposal
for a given functionality and that is the method that gets embodied in the
standard/specification. However, in the process, many different approaches are
considered through written proposals or technical reports in the open standards forum
regardless of whether the specific technology is ultimately adopted at that time. In
some cases, multiple equally good proposals are made, at which point parties tend to

just pick one for the sake of standardizing functionality.
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97.  From my review of some the standardization history for LTE, the use
of explicit versus implicit feedback was discussed during the standardization process
for Release 10 of the LTE specification. I believe this is likely one reason why Sesia
discussed explicit feedback despite it not ultimately being adopted into the LTE 3GPP
standard. For example, R1-101217 (Ex. 1007) and R1-100926 (Ex. 1008) are two
exemplary documents submitted during the standardization process that show
companies such as NTT Docomo and Alcatel-Lucent were discussing whether to
utilize implicit or explicit feedback in Release 10.

98.  In the case of implicit feedback, Sesia discloses that the UE makes a
hypothesis on the precoder or the precoding the eNodeB would use for transmission
and reports a recommended Precoding Matrix Indicator (PMI) which corresponds with
the best hypothesis (i.e., an implicit representation of the channel state information).
Ex. 1003 at 274. In the case of explicit feedback, Sesia discloses that the UE explicitly
reports a quantized representation of the physical channel state information without
making assumptions about the nature of the eNodeB precoder. Id. at 663. Sesia also
provides an example of using rank-1 explicit feedback. /d. In this example, Sesia
explains that an explicit short-term channel state information report is provided that
indicates the direction of the highest gain channel gain (i.e., the strongest eigenvector
of the channel matrix). /d. Sesia further discloses that both implicit and explicit

feedback schemes, under certain assumptions, have similar results. /d.
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99. To further explain the difference between implicit and explicit
feedback, it may be helpful to think of the following hypothetical example. In an
implicit feedback system, for example, when a UE measures the signal-to-noise ratio
and received power of a given signal, the UE may report a representation of the
measurements to indicate the quality. For example, a UE may send a message such as
“signal quality 5 to show that the quality is average. In this example, the UE makes
an assumption that the base station and the UE are operating with the same coding
scheme such that the base station knows how to interpret “signal quality 5 in terms
the estimated channel quality. In an explicit channel feedback system, however, when
a UE measures the signal-to-noise ratio and received power of a given signal, the UE
would calculate and report an attribute of the physical channel itself such as path loss,
rather than a property of the received signal alone. In LTE, implicit feedback consists
of multiple parameters (e.g., Channel quality indicator “CQI,” Recommended
Precoding index “PMI,” and Rank Indicator “RI”). /d. at 272.

4. Beamforming

100. At a high level, beamforming is a method that can be utilized to
improve signal strength by focusing transmitted signals in a certain direction and
ideally in a certain location. Beamforming is accomplished by utilizing constructive
and destructive combinations of a signal from different closely spaced antennas

transmitting multiple copies of a signal with different phases and amplitudes to focus
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the beam in a given direction or at a specific location. The figure below shows an
exemplary difference of the radiation patterns between a conventional

(omnidirectional) radio and a radio performing beam forming (directional).

Figure G

Conventional Radio Beamforming Radio

101. As shown in Figure E (reproduced below), the steps involved in
forming a downlink LTE signal on a carrier for channel encoding involves modulation
mapping, layer mapping, precoding, and OFDM signal generation. Ex. 1003 at 148.
Through these steps a transmitter can beamform a signal that is transmitted to the
receiver based on the feedback and channel state information that is provided by the

receiver.
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Figure E — Figure 6.3 of Sesia (Ex. 1003)
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Figure 6.3: General signal structure for LTE downlink.
Reproduced by permission of © 3GPP.

102. Sesia discloses that, in LTE, the use of multiple antenna technology
allows the transmitter and receiver to exploit the spatial-domain. Ex. 1003 at 15-16.
Sesia provides several examples of the benefits that can be achieved when using
multiple antennas which include diversity gain, array gain, and spatial multiplexing
gain. Id. at 16. Sesia explains that using multiple antennas to provide spatial diversity
improves the robustness of the transmission against multipath fading. /d. Sesia also
explains that using multiple antennas provides array gain by concentration of energy
in one or more directions via precoding and/or beamforming. /d. Sesia further explains
that using multiple antennas to provides spatial multiplexing gain by transmitting
multiple signal streams to a single user on multiple spatial layers that are created by
the combinations of available antennas. /d. The use of multiple antennas is often
referred to as Multiple Input Multiple Output (“MIMO”) when used with a receiving

device having multiple antennas as well.
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103. Sesia discloses that an optimal way of communicating over a MIMO
channel involves a channel-dependent precoder, which fulfills the roles of both
transmit beamforming and power allocation across the transmitted streams. /d. at 253.
Sesia explains that this can be achieved if the transmitter has full channel knowledge.
Id. Sesia explains that this channel knowledge comes from feedback about the
propagation path(s) from the receiver based on channel estimation performed on
reference signals. /d. at 263-64. In particular, Sesia discloses that a UE in LTE “can be
configured to report Precoding Matrix Indicators (PMIs) and Rank Indicators (RIs), in
addition to CQI [(Channel Quality Indicator)] reporting.” Id. at 272.

104. Sesia explains that the eNodeB is capable of computing and
performing beamforming precoding when accurate channel state information is
available and provided from the receiver. Id. at 263-64; see also id. at 271. In addition,
Sesia discloses that, in general, scheduling algorithms can make use of the channel
state information for making scheduling decisions. /d. at 280. Sesia further discloses
that the scheduler uses the Channel Quality Information within the CSI from a UE to
schedule radio resources for transmission in the frequency (subcarriers / Resource

Blocks) domain, and the time (Sub-frame) domain. /d. at 279-81, Figure 12.2.
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Figure H — Figure 12.2 of Sesia (Ex. 1003)
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Figure 12.2: Generic view of a wideband resource scheduler.

105. One approach disclosed by Sesia is opportunistic scheduling, which is
“designed to maximize the sum of the transmitted data rates to all users by exploiting
the fact that different users experience different channel gains and hence will
experience good channel conditions at different times and frequencies.” Ex. 1003 at
281. And based upon these differences in channel conditions, “allocating the channel
at each given time instant only to the user with the best channel condition in a particular
part of the spectrum can yield a considerable increase in the total throughput as the
number of active users becomes large.” Id. at 282. This approach benefits from multi-
user diversity (i.e., delaying scheduling of UEs in poor conditions and scheduling users

at the present sub-frame who have reported good conditions). Ex. 1003 at 281-82. Sesia
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also discloses so-called frequency selective scheduling, in which the CQI reported for
a sub-band of the channel can be used to select more optimal resources in the frequency
domain. /d. at 346; see also id. at 327.

106. “A final important aspect of link adaptation is its use in conjunction
with multi-user scheduling in time and frequency, which enables the radio transmission
resources to be shared efficiently between users as the channel capacity to individual
users varies. The CQI can therefore be used not only to adapt the modulation and
coding rate to the channel conditions, but also for the optimization of time/frequency
selective scheduling and for intercell interference management.” Id. at 216. The CQI
reporting by the UE may be configured to report the channel quality in different
portions of the channel. For example, Sesia teaches “[t]he UE reports a wideband CQI
value for the whole system bandwidth. In addition, the UE reports a CQI value for each
sub-band, calculated assuming transmission only in the relevant sub-band.” Id. at 221.
Furthermore, PMI may be reported for both wideband (the entire channel) and for sub-
band frequencies of the channels. /d. at 273.

107. Because the CSI information (including CQI) is utilized in the
scheduler, and CQI is effected by the choice of precoder (e.g., beamforming), the
beamforming benefit effects the scheduling of the resources. “The eNodeB has to
adjust the MCS used for transmission relative to the CQI reports by estimating the

expected beamforming gain depending on the number of transmitted layers.” Ex. 1003
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at 272. The Modulation and Coding Scheme (MCS) determines the number of
resources required to be scheduled to carry the transmission block(s). /d. at 217-19.
Thus, the reported rank indicator (RI) is utilized to determine the number of layers
(transmission blocks) to be scheduled, and the PMI is utilized to determine the
beamformer’s CQI benefit associated with a particular resource in time and frequency
when scheduling as discussed above.

108. Specific to the beamforming benefit, Sesia discloses two specific
exemplary methods for performing beamforming: closed-loop rank-1 precoding and
beamforming with UE-specific reference signals. /d. at 270. In closed-loop rank-1
precoding, Sesia explains that the receiver feeds channel state information back to the
eNodeB to indicate suitable precoding to apply for beamforming operations. /d. The
precoding matrix alters the signal so that the signal is better able to exploit the channel
(or path) it is sent along by applying weights that alter the signal in various ways. /d.
In closed-loop rank-1 precoding, the UE feeds channel state information (known as
Precoding Matrix Indicators (PMlIs)) back to the base station to indicate what
precoding should be applied for beamforming. /d. The UE determines the PMIs it
reports back to the base station based on channel estimations performed on the
reference signals received from the base station. /d. at 272-274. Sesia also explains that
the eNodeB is not bound to use any precoder requested by the UE. Id. at 273; see also

id. at 274. Sesia further explains that, in Release 9, the support for MU-MIMO was
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enhanced to remove the constraint on the eNodeB to use the feedback codebook for
precoding and to give flexibility to utilize other approaches to MU-MIMO user
separation. Id. at 275.

109. In beamforming with UE-specific reference signals, the signal is
altered (i.e., beamformed) based on channel state information to concentrate the base
station “power in the directions in which the radio channel offers the strongest path(s)
to reach the UE.” Id. at 270-271.

110. In Release 10, additional references signals called CSI-RS were added
for use in CSI reporting including for use with beamforming of up to 8 transmission
antennas. /d. at 654.

111. Sesia explains that when designing an OFDM system, several
propagation characteristics should be taken into account including expected delay
spread, the maximum Doppler frequency, and cell size. Id. at 139; see also id. at 142.
Sesia also discloses that the channel model that is used has to reflect all the
instantaneous space-time-frequency characteristics which affect the configuration of
diversity, beamforming, and spatial multiplexing techniques. I/d. at 437-39. With
regards to the time-domain, Sesia discloses that the required spacing in time between
the reference symbols can be determined by considering the maximum Doppler spread
(highest speed) to be supported, the carrier frequency, doppler shift, and the speed of

the UE. Id. at 169. With regards to the frequency-domain, Sesia discloses that the
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spacing related to coherent bandwidth of the channel is related to channel delay spread.
Id. Sesia explains that in LTE, the spacing between two reference symbols in
frequency, can be determined as a function of the maximum channel delay spread. /d.
With regards to the spatial-domain, Sesia discloses that a typical usage of UE-specific
reference signals is to enable beamforming of data to specific UEs. Id. at 171. Sesia
explains that the eNodeB may use a correlated array of physical antenna elements to
generate a narrow beam in the direction of a particular UE. /d. Sesia further explains
that such a beam will experience a different channel response between the eNodeB and
the UE. Id. Such a beamforming approach can be used to address distortion related to
the spatial domain. /d.

112. As a reminder, Sesia explains that the UE transmits channel estimate
information (e.g., a Channel Quality Indicator) as feedback to the eNodeB via an
uplink, which is then used by the eNodeB for selecting a modulation scheme and/or
code rate. Id. at 215. Sesia states that the LTE specifications are designed to provide
signaling that is necessary for the interoperability between the eNodeB and UEs so that
the eNodeB can optimize the link adaptation and that the exact methods used by an
eNodeB to exploit the information that is available are left to the manufacturer’s choice
of implementation. /d. at 215-16. These statements express the complete freedom the
transmitter has when determining how to best utilize the feedback provided by the UE

for precoding and beamforming.
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113. As demonstrated by Sesia and will be explained below, all of the
claimed concepts of the Challenged Claims of the *347 Patent were well-known in the
art prior to the effective filing date of the 347 Patent (or would have been obvious to
a POSITA in light of the disclosures of Sesia).

B. Motivation to Combine

114. As explained above, Sesia is a collaborative work that is authored by
numerous telecommunication experts that have thorough knowledge and experience
with wireless communications systems and the standards-setting environment, 3rd
Generation Partnership Project (3GPP). Ex. 1003 at xxvii; see also id. at xXiii-Xxv.
Furthermore, Sesia provides a “thorough, authoritative and complete tutorial” of LTE
and LTE-Advanced communications systems. Ex. 1003 at xxvii. In addition, the goal
of Sesia is to provide “an explanatory course through the LTE specifications, to support
those who design LTE equipment.” Ex. 1003 at xxx. As such, a POSITA would
understand that the different chapters and sections of the Sesia are meant to be read
together as together they describe LTE and LTE-Advanced communications systems.
Furthermore, Sesia is published as a single book that was edited together to provide
“an explanatory course through the LTE specifications.” Ex. 1003 at xxx. As such, a
POSITA would have been motivated to read all of Sesia together as one. Finally, a
POSITA would have expected a reasonable likelihood of success in combining the

different sections as each of the chapters and sections in Sesia were selected by the
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editors to provide said explanatory course in LTE and LTE-Advanced. As such, a
POSITA would have been motivated to combine the different sections and chapters in
Sesia together with a reasonable likelihood of success.

VIII. GROUND 1: SESTA RENDERS OBVIOUS CLAIMS 1-4, 6-12, 14-17,
AND 19-23

A. Independent Claim 1

[1.0] A method for wireless communication in a system including a
transmitter, a receiver, and a plurality of propagation paths formed between
the transmitter and the receiver which are capable of carrying a signal
transmitted by the transmitter to the receiver, the method comprising:

115. Sesia discloses and/or renders obvious “a system including a
transmitter, a receiver, and a plurality of propagation paths formed between the
transmitter and the receiver which are capable of carrying a signal transmitted by the
transmitter to the receiver.”

116. Figure C shows an annotated Figure 20.1 of the Sesia, which illustrates
a plurality of propagation paths that exist when performing wireless communications
between a transmitter (e.g., an eNodeB) and a receiver (e.g., a UE). Sesia discloses that
the plurality of propagation paths (shown as Paths 1 (orange), 2 (blue), and 3 (green))
occur when signals are transmitted between the transmitter and the receiver. Ex. 1003
at 438-39. Each of these propagation paths is capable of carrying a signal that is

transmitted by the transmitter to the receiver. Id at 437-39.
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Figure C — Annotated Figure 20.1 of Sesia (Ex. 1003)
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117. As another example, Sesia further discloses that in Multiple Input
Multiple Output (MIMO) wireless communication systems, such as those used in LTE,
the transmitter and the receiver may each have a plurality of antennas that are used for
transmitting signals. /d. at 252. Figure D shows an annotated Figure 11.2 of Sesia
which illustrates the propagation paths that exist when transmitting signals between the
antennas of the transmitter and the antennas of the receiver. Similar to the previous
example, each of these propagation paths is capable of carrying a signal that is
transmitted by the transmitter to the receiver. A POSITA would thus understand that a
plurality of propagation paths could be formed between the transmitter (base station)
and a UE. As such, Sesia discloses a “method for wireless communication” based on

the transmission of signals between the transmitter and the receiver.
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Figure D — Annotated Figure 11.2 of Sesia (Ex. 1003)
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Figure 11.2: Simplified transmission model for a MIMO system with N transmit antennas
and M receive antennas, giving rise to an M X N channel matrix, with MN links.

[1.1] transmitting a first signal from the transmitter to the receiver via a first
propagation path of the plurality of propagation paths;

118. Sesia discloses and/or renders obvious “transmitting a first signal from
the transmitter to the receiver via a first propagation path of the plurality of propagation
paths.”

119. Sesia discloses that a common way to estimate a channel is to first
transmit a known signal (i.e., a reference signal) which does not carry unknown data.
Ex. 1003 at 166. Sesia explains that a reference signal may be a known symbol
sequence or arrangement that is inserted into a signal structure that is transmitted to a
UE. Id; see also id. at 168 and 651-57. Sesia discloses several examples of reference

signals that are used for channel estimation in LTE downlink, which include cell-
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specific reference signals, UE-specific reference signals, MBSFN-specific reference
signals, Positioning reference signals, and Channel State Information (CSI) reference
signals (CSI-RS). Id. at 167. As an example, Sesia discloses that CSI-RSs were
introduced in Release 10 specifically for the purpose of estimating the downlink
channel state. Id. As another example, Sesia discloses that cell-specific reference
signals can be transmitted to and used by a UE to perform channel estimation for
demodulating data and deriving feedback on the quality and spatial properties of the
downlink radio channel. /d. at 651.

120. Sesia further discloses that each reference signal pattern is transmitted
from an antenna port at the base station or eNodeB, which can be implemented as either
a single physical transmit antenna or as a combination of multiple physical antenna
elements. /d. at 167. Sesia continues by explaining that the UE is configured to derive
a channel estimate for all data transmitted on an antenna port regardless of whether it
represents a single radio channel from a physical antenna or a composite channel from
a multiplicity of physical antenna elements together comprising the antenna port. /d.

121. As discussed above with respect to Figures C and D, when the
transmitter transmits a signal to the receiver, the signal is transmitted along at least one
of a plurality of propagation paths that exist between the transmitter and the receiver.
In this case, the first signal is a reference signal that is transmitted by the transmitter

along the at least one of the propagation paths that exist between the transmitter and
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the receiver. As such, a POSITA would understand that Sesia teaches transmitting a
reference signal from an eNodeB to a UE via a propagation path. Thus, Sesia discloses
and/or renders obvious “transmitting a first signal from the transmitter to the receiver
via a first propagation path of the plurality of propagation paths,” as recited in Claim

1.

[1.2] receiving the first signal at the receiver;

122.  Sesia discloses and/or renders obvious “receiving the first signal at the
receiver.”

123. Asdiscussed above with respect to claim element [1.1], Sesia discloses
that a reference signal (i.e., the first signal) is transmitted to the UE for channel
estimation. See e.g., Ex. 1003 at 167 and 651. Also as discussed above with respect to
Figures C and D, the receiver will receive the reference signal transmitted by the
transmitter via at least one of the plurality of propagation paths that exist between the
transmitter and the receiver. As such, a POSITA would understand that in this case, the
receiver receives the first signal, which is a reference signal, that is transmitted by the
transmitter via at least one of the propagation paths that exist between the transmitter
and the receiver. Thus, Sesia discloses and/or renders obvious “receiving the first

signal at the receiver,” as recited in Claim 1.
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[1.3] performing a channel estimation based on the first signal to obtain
path parameter information of the first propagation path;

124. Sesia discloses and/or renders obvious “performing a channel
estimation based on the first signal to obtain path parameter information of the first
propagation path.” As described above in Section VII (which is incorporated by
reference herein) and discussed below, Sesia discloses and/or renders obvious
performing channel estimation on a reference signal transmitted by an eNodeB to
obtain path parameter information of a propagation path.

(i)  Sesia discloses performing channel estimation on
a reference signal.

125. Sesia discloses that a common and simple way to estimate a channel is
to use known signals (i.e., reference signals). Ex. 1003 at 165-7. As discussed above
with respect to claim elements [1.1] and [1.2], Sesia discloses that the transmitter
transmits a reference signal, such as a CSI-RS, to the UE to perform channel estimation
for deriving feedback on the quality and spatial properties of the downlink radio
channel. /d. at 167 and 651.

126. Sesia discloses that the UE can determine the transfer function, for
example Equation 1 shown above and reproduced below, of channels from different

antenna ports by making measurements on reference signals. /d. at 127, 131, and 273.

r(t) = x(t) * h(t) + z(t) (1)
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where r(t) represents a received signal at the receiver in a multipath environment,
x(t) represents a symbol transmitted at time instant “t,” h(t) represents the
continuous-time impulse response of the channel, “*” represents the convolution
operation, and z(t) represents the additive noise. Id. at 127; see also id. at 131.

127. Sesia discloses that the channel estimation problem is related to the
physical propagation characteristics of a channel which may include the number of
transmit and receive antennas, transmission bandwidth, carrier frequency, cell
configuration, and the relative speed between the eNodeB and UE receivers. Id. at 216.
Sesia explains that, in general, the carrier frequencies and system bandwidth mainly
determine the scattering nature of the channel, the cell deployment governs its
multipath, delay spread, and spatial correlation characteristics, and the relative speed
sets the time-varying properties of the channel. /d. at 174-75.

128. Since the channel estimation problem is related to the physical
propagation characteristics of a channel, Sesia discloses that downlink transmission
resources in LTE possess dimensions of time, frequency, and space. Id. at 145; see also
id. at 175. Sesia continues by explaining that in order to estimate the channel as
accurately as possible, all correlations between the channel coefficients in time,
frequency, and space should be taken into account. /d. at 166. As such, Sesia discloses
performing a channel estimation based on the first signal to obtain path parameter

information of the first propagation path.
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129. As discussed above in Section VII, Sesia describes multiple methods
of performing channel estimation, including channel estimations in the frequency-
domain, the time-domain, and the spatial-domain. See Ex. 1003 at Chpt. 8.4, 8.5, and
8.6. For example, in Chapter 8.4, Sesia discusses performing channel estimation based
on frequency-domain characteristics. Ex. 1003 at 178-81. In Chapter 8.5, Sesia
discusses performing channel estimation based on time-domain characteristics and
explains that the benefit of a time-domain channel estimation is the possibility to
enhance a channel estimate by exploiting its time correlation with a channel. Ex. 1003
at 181-84. In the next section, Section 8.6, Sesia discusses performing channel
estimation based on spatial-domain characteristics. Ex. 1003 at 184-85. Furthermore,
Sesia explains that in order to estimate the channel as accurately as possible that all of
the above methodologies should be utilized when performing channel estimation. See
Ex. 1003 at 166 (“In order to estimate the channel as accurately as possible, all
correlations between channel coefficients in time, frequency and space should be taken
into account.”).

130. In addition, Sesia discloses that the LTE specification does not
mandate any specific channel estimation techniques and that there is complete freedom
in implementation provided that the performance requirements are met, and the

complexity is affordable. Id. at 185. Sesia even goes further and states that
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improvements to channel estimate techniques may be used which go beyond the
example techniques described in Sesia. /d.

131. Sesia therefore discloses performing channel estimation on a reference
signal.

(ii) Sesia discloses obtaining path parameter
information from the channel estimation.

132. Asdiscussed above, Sesia explains that the path parameter information
that is determined from the channel estimation can be provided as either implicit
feedback or explicit feedback. Ex. 1003 at 274-75, 662-63.

133. Sesia discloses several types of feedback information determined from
the reference signals, which may be fed back to the base station. These include
Precoding Matrix Indicators (“PMIs”’) and Rank Indicators (“RIs”), and CQI reporting.
Ex. 1003 at 272, 167. For example, Sesia discloses that the Precoding Matrix Indicator
(PMI) is one type of feedback that can be sent to the eNodeB by the UE based on the
channel estimation. Ex. 1003 at 272-274. Because PMI is selected based on a
hypothesis regarding the precoding that the eNodeB should use for transmissions along
the propagation path, PMI is a form of implicit feedback. Id. at 274-75, 662-63.
Furthermore, PMI is a form of implicit feedback because “it provides an implicit
representation of the channel consisting of an indication of the data rate that could be
achieved if the eNodeB used a certain precoder.” Id. at 662. In other words, PMI is not

an explicit quantized measurement, but rather a representative number that informs the
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eNodeB of the precoding selected by the UE, from a codebook. Sesia also discloses
that in Release 10, the channel state information is reported as a combination of
Channel Quality Information, PMI, and Rank Indicator. /d. These reports are “often
described as implicit feedback, as it provides an implicit representation of the channel
consisting of an indication of the data rate that could be achieved if the eNodeB used
a certain precoder.” Id. at 662-63.

134. Sesia also discloses how a UE could provide explicit feedback. /d. at
662-663. Explicit feedback involves reporting a quantized representation of the
physical channel state information. /d. In other words, explicit feedback involves
reporting the actual channel estimation measurements as opposed to other
measurements which may be used to imply the channel indirectly. As a result, explicit
feedback does not rely on any assumptions about the eNodeB such as what codebook
the precoder in the eNodeB is utilizing. /d. Sesia also provides an example of
incorporating using rank-1 explicit feedback into a system such as LTE or LTE-
Advanced. /d. In this example, Sesia explains that an explicit short-term channel state
information report is provided that indicates the direction of the highest gain channel
gain (i.e., the strongest eigenvector of the channel matrix). Id. Sesia explains that both
implicit and explicit feedback schemes can have similar results. Ex. 1003 at 663.

135. Based on Sesia’s disclosure, a POSITA would understand, under the

Patent Owner’s apparent interpretation of the claims, that the information that is
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obtained from performing channel estimation on a reference signal and subsequently
provided to the eNodeB by the UE as either implicit or explicit feedback corresponds
with the claimed “path parameter information.” Furthermore, under the Patent Owner’s
apparent interpretation of the claims, based on Sesia’s disclosure, a POSITA would
understand that this information is “path parameter information of the first propagation
path” given that channel estimation attempts to define the channel model of a
propagation path.

136. In Patent Owner’s infringement contentions (Exs. 1006, 1009, 1010),
Patent Owner identified the “path parameter information” as channel state information
measured from the CSI-RS. As discussed above, Sesia discloses the same
measurements for the same reference signal.

137. Thus, Sesia discloses and/or renders obvious “performing a channel
estimation based on the first signal to obtain path parameter information of the first
propagation path,” as recited in Claim 1 under either Patent Owner’s apparent
interpretation or the plain and ordinary meaning of the term.

[1.4] sending the channel estimation that includes the path parameter

information from the receiver to the transmitter via the first propagation

path;

138. Sesia discloses and/or renders obvious “sending the channel estimation

that includes the path parameter information from the receiver to the transmitter via the

first propagation path.”
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139. Asdiscussed above with respect to claim element [1.3], Sesia discloses
performing a channel estimate on a reference signal to obtain channel estimate
information or path parameter information. After obtaining the path parameter
information, Sesia discloses that the receiver then provides the path parameter
information back to the transmitter as feedback (either explicit or implicit). Ex. 1003
at 662-63; see e.g., id. at 271-72.

140. Sesia discloses numerous examples where various types of path
parameter information is transmitted to the eNodeB as feedback (either explicitly or
implicitly) for subsequent scheduling and transmissions. For example, Sesia discloses
that for downlink data transmissions in LTE, the eNodeB typically selects a modulation
scheme and code rate depending on the downlink channel conditions. /d. at 215. In this
example, Sesia discloses that the UE transmits a Channel Quality Indicator (CQI) as
feedback to the eNodeB via an uplink, which is then used by the eNodeB for selecting
a modulation scheme and/or code rate. /d. As another example, Sesia discloses that in
the case of transmit beamforming and MIMO precoding, the receiver provides channel
estimation information to the eNodeB through a limited feedback link. /d. at 263-64.
Yet another example, Sesia discloses that the UE may help the eNodeB to derive
beamforming precoding weights by sending PMI feedback to the eNodeB. /d. at 270-

721.
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141. Asyet another example, Sesia discloses that the scheduling algorithms
used by the eNodeB can make use of measurement information such as Channel State
Information (CSI) and traffic measures (e.g., volume and priority). /d. at 280. Sesia
explains that this measurement information can be obtained by either direct
measurements performed by the eNodeB or via feedback signaling from the UE. Id. at
280-81. As yet another example, Sesia discloses that in some instances, large-scale
parameters are fixed, but the channel undergoes fast fading according to the motion of
the UEs. /d. at 442. In this example, Sesia explains that the UEs may feedback channel
state information about the instantaneous radio channel conditions and the eNodeB can
schedule its transmissions accordingly. /d.; see also id. at 271,272, 274, 348, 355.

142. Each of these disclosures shows how channel estimation information
(i.e., path parameter information) is sent from the receiver to the transmitter after the
receiver performs channel estimation to be utilized by the transmitter for subsequent
transmissions. Further, Sesia clearly states that the “LTE specifications are designed to
provide signaling necessary for the interoperability between the eNodeB and UEs so
that the eNodeB can optimize the link adaptation.” Id. at 215. As such, a POSITA
would understand that the channel estimate information (the path parameter
information) is necessarily sent back to the base stations, under the patent owner’s

interpretation.
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143. Similar to as discussed above with respect to Figures C and D, after
obtaining the channel estimate information or path parameter information, when the
receiver transmits a signal (i.e., the channel estimate information or path parameter
information) to the transmitter, the signal is transmitted back along the propagation
path that exists between the transmitter and the receiver.

144. Sesia further discloses the use of a time division duplexing (TDD)
scheme which would transmit the uplink signal using the same frequencies and by the
same path that the reference signals (the alleged first signal) were received on the
downlink, “by reciprocity” according to the Patent Owners Infringement Contentions.
See Ex. 1003 at 147, Figure 6.2; see also Ex. 1007 at 8 (“In at least TDD mode . . . the
uplink transmission uses the same propagation path (via reciprocity) as the downlink
transmission.”) (emphasis added); Ex. 1009 at 8; Ex. 1010 at 8.

145.  Accordingly, a POSITA would understand Sesia to disclose that, after
obtaining the channel estimate information or path parameter information, the UE
transmits a signal, including the channel estimate information to the eNodeB along the
propagation path that exists between the transmitter and the receiver. Thus, Sesia
discloses and/or renders obvious “sending the channel estimation that includes the path
parameter information from the receiver to the transmitter via the first propagation

path,” as recited in Claim 1.
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[1.5] predistorting a second signal at the transmitter in a time domain, a
frequency domain, and a spatial domain, according to the channel
estimation based on the first signal;

146. Sesia discloses and/or renders obvious “predistorting a second signal
at the transmitter in a time domain, a frequency domain, and a spatial domain,
according to the channel estimation based on the first signal” in light of Patent Owner’s
apparent interpretation of this limitation based on its infringement contentions in the
related district court proceedings. As discussed above, Patent Owner seems to interpret
“predistorting a second signal at the transmitter in a time domain, a frequency domain,
and a spatial domain” as broad enough to include beamforming a wireless signal and/or
scheduling of transmission resources in the time and frequency domains.

147. As described above in Section VII, and incorporated by reference
herein, Sesia discloses multiple methods of beamforming a wireless signal based on
path parameter information obtained from reference signals. For example, two such
methods of performing beamforming described by Sesia are (i) closed-loop rank-1
precoding and (i1) beamforming with UE-specific reference signals. Ex. 1003 at 270.
Sesia also discloses beamforming in a time domain, a frequency domain, and a spatial
domain, as well as scheduling of the resources utilized for beamforming in the time
and frequency domain.

(i) Beamforming wusing closed-loop rank-1

precoding according to the channel state
information.
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148. In closed-loop rank-1 precoding, Sesia explains that the receiver feeds
channel state information back to the eNodeB to indicate suitable precoding to apply
for beamforming operations. /d. The precoding matrix alters the signal so that the
signal is better able to exploit the channel (or path) it is sent along by applying weights
that alter the signal in various ways. /d. In closed-loop rank-1 precoding, the UE feeds
channel state information (known as Precoding Matrix Indicators (PMIs)) back to the
base station to indicate what precoding should be applied for beamforming. /d. The UE
determines the PMIs it reports back to the base station based on channel estimations
performed on the reference signals received from the base station. /d. at 272-274. This
precoding is a form of beamforming. Sesia also explains that the eNodeB is not bound
to use any precoder requested by the UE. Id. at 273; see also id. at 274. Sesia further
explains that, in Release 9, the support for MU-MIMO was enhanced to remove the
constraint on the eNodeB to use the feedback codebook for precoding and to give
flexibility to utilize other approaches to MU-MIMO user separation. /d. at 275. Thus,
Sesia discloses beamforming a wireless signal based on CSI reported from the UE (e.g.,
the PMI reported values, as well as the CQI and RI reported values).

(i) Beamforming with UE-specific reference signals
according to the channel state information.

149. Beamforming with UE-specific reference signals functions by
utilizing channel state information to alter signals so as to concentrate the base station

“power in the directions in which the radio channel offers the strongest path(s) to reach
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the UE.” Id. at 270-271. As such, Sesia discloses beamforming a wireless signal based
on CSI reported from the UE.

(iii) Beamforming in a time domain, a frequency
domain, and a spatial domain.

150. As discussed above in Section VII, and incorporated herein, Sesia
further explains that beamforming using either of these techniques is optimally
implemented if the transmitter has full channel knowledge. Ex. 1003 at 249-50,
253291-292. For example, communicating over a MIMO channel, which requires
beamforming using full channel knowledge, is one context in which implementing
beamforming with full channel knowledge is required for optimality. Ex. 1003 at 253.

151. For example, Sesia discloses that an optimal way of communicating
over a MIMO channel involves a channel-dependent precoder, which fulfills the roles
of both transmit beamforming and power allocation across the transmitted streams. /d.
at 253. Sesia explains that this can be achieved if the transmitter has full channel
knowledge. Id. Sesia explains that this channel knowledge comes from feedback about
the propagation path(s) from the receiver based on channel estimation performed on
reference signals. /d. at 263-264. In particular, Sesia discloses that a UE in LTE “can
be configured to report Precoding Matrix Indicators (PMIs) and Rank Indicators (RIs),
in addition to CQI [(Channel Quality Indicator)] reporting.” Id. at 272. Sesia also
explains that explicit feedback (where a UE reports quantized representations of the

physical channel state information) could have been used. /d. at 663.
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152. Furthermore, as explained above, Sesia provides several examples of
the types of information that can be determined to help provide the eNodeB with the
full channel knowledge required to beamform signals optimally. Ex. 1003 at 139, 142.
For example, with respect to the time-domain, Sesia discloses that the Doppler spread,
the carrier frequency, Doppler shift, and the speed of the UE can be determined. Ex.
1003 at 169. As another example, with respect to the frequency-domain, Sesia discloses
that channel delay spread and maximum channel delay spread can be determined. /d.
With respect to the spatial-domain, Sesia discloses that a correlated array of physical
antenna elements can be used to generate a narrow beam in the direction of a particular
UE. Ex. 1003 at 171. A POSITA would understand that these parameters could be used
to assist in beamforming a wireless signal. Furthermore, a POSITA would have a
reasonable likelihood of success in doing so. For example, Sesia discloses that explicit
feedback was considered in addition to implicit feedback and that the two feedback
schemes were found to have similar results, under certain assumptions. Ex. 1003 at
662—-63. Thus, Sesia not only discloses “implicit” channel estimations as discussed, but
also discloses the potential use of explicit feedback channel estimates as a variation of
an LTE based system, and such a system would therefore anticipate, or at the very least
render obvious claim element [1.5].

153. Additionally, as discussed above with respect to claim element [1.3],

Sesia discloses a transmission model and transfer function that can be used to control
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how a transmitted signal will be received at the receiver. Sesia’s disclosed model and
transfer function includes an impulse response of a channel. As discussed above, the
UE determines the transfer function of channels for different antenna ports based on
channel estimations performed on reference signals. Id. at 272-74. As such, a POSITA
would readily appreciate that a transmitter can similarly determine the channel transfer
function and the impulse response of the channel based on the feedback and channel
state information provided by the receiver. Generating the impulse response based on
the feedback and channel state information provided by the receiver is also consistent
with Sesia’s statements that in order to estimate the channel as accurately as possible,
all correlations between the channel coefficients in time, frequency, and space should
be taken into account. Id. at 166.

154. A POSITA would thus readily appreciate that an eNodeB can be
configured to beamform, which the Patent Owner interprets as “predistort,” signals in
the frequency-domain, the time-domain, and the spatial-domain based on feedback
(i.e., channel state information or path parameter information) that is provided by the
receiver.

155. Furthermore, to the extent the Patent Owner is asserting that the
scheduling of transmission resources for use with beamforming comprises the
predistortion in the time and frequency domains, Sesia discloses the use of a scheduler

to select the transmission resources in time and frequency for use with beamforming
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based upon the fed back channel state information including CQI. In the related district
court proceeding, the Patent Owners states in its infringement contentions that “[f]or
example, a 5G NR signal with beamforming is a predistorted signal in time, frequency,
and space. For example, applicable time and frequency subcarriers are selected based
on the returned CSI, and an appropriate spatial beam refinement is selected based on
the returned CSI.” Exhibit 1007 at 9; Ex. 1009 at 9; Ex. 1010 at 9. The Patent Owner
further states that “a resource block is placed in a particular subframe (by time) and
resource block (by frequency, i.e. subcarriers).” Exhibit 1007 at 10; Ex. 1009 at 10;
Ex. 1010 at 10.

156. As I discuss in section VII.A.4 above, Sesia discloses the use of a
scheduler to determine “applicable time and frequency subcarriers” which “are
selected based on the returned CSI.”

157. “A final important aspect of link adaptation is its use in conjunction
with multi-user scheduling in time and frequency, which enables the radio transmission
resources to be shared efficiently between users as the channel capacity to individual
users varies. The CQI can therefore be used not only to adapt the modulation and
coding rate to the channel conditions, but also for the optimization of time/frequency
selective scheduling and for intercell interference management.” Ex. 1003 at 216. The
CQI reporting by the UE may be configured to report the channel quality in different

portions of the channel. For example, Sesia teaches “[t]he UE reports a wideband CQI
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value for the whole system bandwidth. In addition, the UE reports a CQI value for each
sub-band, calculated assuming transmission only in the relevant sub-band.” Id. at 221.
Furthermore, PMI may be reported for both wideband (the entire channel) and for sub-
band frequencies of the channels. /d. at 273.

158. Because the CSI information (including CQI) is utilized in the
scheduler, and CQI is affected by the choice of precoder (e.g., beamforming), the
beamforming benefit effects the scheduling of the resources. “The eNodeB has to
adjust the MCS used for transmission relative to the CQI reports by estimating the
expected beamforming gain depending on the number of transmitted layers.” Ex. 1003
at 272. The Modulation and Coding Scheme (MCS) determines the number of
resources required to be scheduled to carry the transmission block(s). Id. at 217-19.
Thus, the reported rank indicator (RI) is utilized to determine the number of layers
(transmission blocks) to be scheduled, and the PMI is utilized to determine the
beamformer’s CQI benefit associated with a particular resource in time and frequency
when scheduling as discussed above.

159. As such, a POSITA would understand Sesia to disclose transmitting a
signal on applicable time and frequency subcarriers based on CSI, and an appropriate
spatial beam refinement based on CSI, which according to the Patent Owner, in the
related district court proceedings, meets this limitation. Thus, Sesia discloses and/or

renders obvious “predistorting a second signal at the transmitter in a time domain, a
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frequency domain, and a spatial domain, according to the channel estimation based on
the first signal,” as recited in Claim 1 under Patent Owner's apparent interpretation of
the claims which is broad enough to capture beamforming a wireless signal.

[1.6] transmitting the predistorted second signal from the transmitter to the
receiver via the first propagation path; and

160. Sesia discloses and/or renders obvious “transmitting the predistorted
second signal from the transmitter to the receiver via the first propagation path.”

161. I incorporate the discussion provided above with respect to claim
clements [1.4] and [1.5] of Claim 1.

162. As discussed above with respect to Figures C and D, when the
transmitter transmits a signal (e.g., the predistorted second signal) to the receiver, the
signal is transmitted along at least one, if not all of a plurality of propagation paths (i.e.,
including at least the first propagation path) that exist between the transmitter and the
receiver. For example, Fig. 1 of the *347 depicts multiple paths 180, 170, and 175 from

the transmitter 110 to the receiver 150. Ex. 1001 at 3:28-30.
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Figure A — Fig. 1 of 347 Patent

122

163. Likewise, Sesia in Figure 20.1 depicts similar propagation paths from

a transmitter to a receiver as follows:

Figure C — Annotated Figure 20.1 of Sesia (Ex. 1003)
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164. In this case, the predistorted second signal is transmitted by the

transmitter to the receiver along at least one of the same propagation paths that exists
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between the transmitter and the receiver, on which the receiver previously performed
channel estimation. As discussed in association with element [1.2], the first signal (the
reference signal) is received from the transmitter using at least one of the plurality of
propagation paths. Sesia discloses, and a POSITA would consider it obvious that the
first signal (the reference signal) can be received as a “multipath” signal via each (i.e.,
all) of the plurality of paths as depicted in Figure C, which would necessarily include
the claimed first propagation path. Given the predistorted signal is received at the
receiver, it must follow at least one of the plurality of propagation paths between the
transmitter and the receiver, or else it could not be received. In this example, the
predistorted second signal is transmitted to the receiver via at least one of the
propagation paths (i.e., the first propagation path) of the set of propagation paths used
for the transmission of the first signal (e.g., all the propagation paths). Thus, it would
be obvious in this example that the predistorted signal will follow at least the claimed
first propagation path utilized by the first signal.

165. Furthermore, it would have been obvious to a POSITA that the
“predistorted second signal” is transmitted from the transmitter to the receiver via the
same “first propagation path,” Given that one of the purposes of beamforming is to
maximize a given UE’s signal reception by steering the transmission beam in the
direction of a given UE, which would necessarily include the “first propagation path”

to the extent it is the best path to select or otherwise optimize. In addition, as explained
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above for element [1.5], measuring the path parameters of a given path and reporting
said parameters to the base station is one method that can be used to perform
beamforming. As such, a POSITA would understand that the beamformed signals
would traverse along the same “first” propagation path. If the beamformed signals did
not do so, then the initial channel estimates would no longer be reflective of the
propagation path, and the beamforming likely wouldn’t effective.

166. Thus, Sesia discloses and/or renders obvious “transmitting the
predistorted second signal from the transmitter to the receiver via the first propagation
path,” as recited in Claim 1.

[1.7] receiving the predistorted second signal at the receiver.

167. Sesia discloses and/or renders obvious “receiving the predistorted
second signal at the receiver.”

168. 1 incorporate the discussion provided above with respect to claim
clements [1.2], [1.4], and [1.5] of Claim 1.

169. As discussed above with respect to Figures C and D, the receiver will
receive the predistorted second signal transmitted by the transmitter on the propagation
path (i.e., the first propagation path) that exist between the transmitter and the receiver.
In this case, the receiver receives the predistorted second signal that is transmitted by
the transmitter via the propagation path that exist between the transmitter and the

receiver.
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170. Thus, Sesia discloses and/or renders obvious “receiving the
predistorted second signal at the receiver,” as recited in Claim 1.

B. Dependent Claim 2

171. Claim 2 depends from Claim 1, and thus the discussion above with
respect to Claim 1 is incorporated by reference. Sesia also discloses and/or renders
obvious the additional limitation of Claim 2: “wherein the path parameter information
of the first propagation path includes at least one of an estimation of a delay, an
estimation of a Doppler frequency, an estimation of a direction of arrival, an estimation
of a direction of departure, and an estimation of a complex amplitude of the first
propagation path.”

172.  Asdiscussed above with respect to claim element [1.3], Sesia discloses
that channel estimations are made to obtain path parameter information of the first
propagation path and can include information related to the frequency-domain, the
time-domain, and the spatial-domain. Ex. 1003 at 166.

173. In addition, Sesia also explicitly discloses each of the claim elements
recited in Claim 2. For example, with respect to “an estimation of a delay,” Sesia
discloses that as a part of channel estimation phase shifts can be recovered. Id. at 135-
36. Sesia further explains that a phase shift corresponds with a time delay spread in the
time-domain. /d. As another example, Sesia explains that “expected delay spread” is

one of the main propagation characteristics which should be taken into account. /d. at
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139; see also id. at 142. As such, based on these disclosure of Sesia, a POSITA would
understand that Sesia’s expected delay spread corresponds with the claimed
“estimation of delay.”

174. As another example, with respect to “an estimation of a Doppler
frequency,” Sesia discloses “Doppler frequency” is also one of the main propagation
characteristics which should be taken into account. /d. at 139; see also id. at 142. Sesia
explains that the frequency error due to Doppler based on the relative speed between
the transmitter and the receiver can be determined by the channel estimation process.
Id. at 136. Sesia also discloses that the Doppler spread can be used to determine the
spacings between symbols in the frequency-domain. /d. at 169. As such, based on the
disclosure of Sesia, a POSITA would understand that Sesia’s Doppler frequency
corresponds with the claimed “estimation of a Doppler frequency.”

175. As a further example, with respect to “an estimation of a direction of
arrival,” Sesia discloses that information such as Direction of Arrival (DOA)
estimations can be used by an eNodeB for beamforming operations. /d. at 271. Sesia
also discloses that spatial characteristics of a MIMO channel are defined Angular
Spread (AS) and the directional distribution of the propagation paths at both the
eNodeB and the UE. Id. at 442. As shown in Figure I, Figure 20.2 of Sesia illustrates
the spatial parameters that are considered by Sesia, which includes Angle of Arrival

(AoA) which corresponds with a Direction of Arrival. Id. at 443; see also id. at Table
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20.4; id. at 445, 447, 450. As such, based on the disclosure of Sesia, a POSITA would
understand that Sesia’s Direction of Arrival and Angle of Arrival correspond with the

claimed “estimation of a direction of arrival.”

Figure I — Figure 20.2 of Sesia (Ex. 1003)
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Figure 20.2: Geometry for generating spatial parameters for base station and UE.

176. As another example, with respect to “an estimation of a direction of
departure,” as shown above in Figure I, Figure 20.2 of Sesia illustrates the spatial
parameters that are considered by Sesia, which includes Angle of Departure (AoD)
which corresponds with a Direction of Departure. Id. at 443, 445, 447, 450; see also
id. at Table 20.4. Thus, based on the disclosure of Sesia, a POSITA would understand
that Sesia’s Angle of Departure corresponds with the claimed “estimation of a direction

of departure.”
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177. As another example, with respect to “an estimation of a complex
amplitude of the first propagation path,” Sesia discloses a process for determining
amplitude imbalances which can vary based on frequency as a result of a timing offset
between in-phase and quadrature signal paths. Id. at 496-97. During this discussion,
Sesia provides several equations (e.g., Equations 21.9, 21.10, 21.11, and 21.12) that
include complex amplitude estimates and weights, which are generally represented
mathematically in the form of Ae/?. Id. Sesia also discloses that some link control
methods make use of amplitude information from the channel. /d. at 559; see also id.
at 560 and 561. Based on the disclosure of Sesia, a POSITA would understand that
Sesia’s examples of complex amplitude estimates and weights correspond with the
claimed “estimation of a complex amplitude of the first propagation path.”

178. Thus, Sesia discloses and/or renders obvious “wherein the path
parameter information of the first propagation path includes at least one of an
estimation of a delay, an estimation of a Doppler frequency, an estimation of a direction
of arrival, an estimation of a direction of departure, and an estimation of a complex
amplitude of the first propagation path,” as recited in Claim 2.

C. Dependent Claim 3

179. Claim 3 depends from Claim 2 which depends from Claim 1, and thus
the discussions above with respect to Claim 1 and Claim 2 are incorporated by

reference. Sesia also discloses and/or renders obvious the additional limitation of
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Claim 3: “wherein the path parameter information of the first propagation path further
includes an estimation of a polarization status of the first propagation path.”

180. Sesia discloses that cross-polarized or orthogonally-polarized antennas
can be utilized in both eNodeBs and the UEs. Ex. 1003 at 446. As shown in Figures J
and K, Figures 20.3 and 20.4 of Sesia illustrate examples of antenna configurations for
an eNodeB and UE, respectively. Id. at 447. Sesia discloses that spatial correlations of
an LTE performance evaluation model can be determined based on antenna
characteristics and the path arrival/departure angles. Id. at 447. Sesia further discloses
that polarization covariance matrices can be determined based on the antenna

polarizations. /d.

Figure J — Figure 20.3 of Sesia (Ex. 1003)

Figure 20.3: Base station antenna configuration.
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Figure K — Figure 20.4 of Sesia (Ex. 1003)
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Figure 20.4: Handset antenna configuration.

181. Sesia explains that the relatively persistent nature of spatial signatures
of subarrays facilitates robust MU-MIMO scheduling with predictable multi-user
interference. Id. at 663. However, Sesia further explains that a low correlation between
the cross-polarized subarrays yields improved diversity for SU-MIMO scheduling. /d.;
see also id. at 264.

182. Table 29.3 of Sesia, shown below, illustrates an example of how
polarization information can be used in conjunction with the feedback that is provided
to the eNodeB. Here, Sesia explains that cross-polarized dimensions (corresponding to
low correlation) are combined with co-phasing factors represented by quaternary

symbols. /d. at 663-64.
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Figure L - Table 29.3 of Sesia (Ex. 1003)

Table 29.3: PMI feedback codebook design for the case of 2-layer feedback with 8 CSI-RS
antenna ports.
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T I
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7 ¥
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The index 0 <14, < 15 selects a cluster of beams from a set of partially
overlapping clusters in a co-polarized subarray. The LSB of the index 0 <
i» < 15 selects one of the two co-phasing factors while the 3 MSBs of i;
select one of 8 pairs of beams within a cluster.

183. Based on the disclosure of Sesia, a POSITA would readily appreciate
that Sesia’s channel estimation process and channel estimation information feedback
may consider and include polarization information (e.g., polarization status) for cross-
polarized or orthogonally-polarized antennas.

184. Thus, Sesia discloses and/or renders obvious “wherein the path
parameter information of the first propagation path further includes an estimation of a

polarization status of the first propagation path,” as recited in Claim 3.
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D. Dependent Claim 4

185. Claim 4 depends from Claim 1, and thus the discussion above with
respect to Claim 1 is incorporated by reference. Sesia also discloses and/or renders
obvious the additional limitation of Claim 4: “wherein the path parameter information
is obtained by at least one estimation technique of the group consisting of a maximum-
likelihood estimation algorithm, periodogram, correlatorgram, spectral-based methods,
Bartlett beamformers, Capon beamformers, subspace-based techniques, MUSIC
(Multiple Slgnal Classification), ESPRIT (Estimation of Signal Parameters via
Rotational Invariance Techniques), approximation of the maximum-likelihood method
based on iterative schemes, SAGE (Space-Alternating Generalized Expectation-
maximization), RIMAX (Richter's Maximum Likelihood method), maximum-a-
posteriori based methods, Evidence Framework, Bayesian techniques, tracking
algorithms, Kalman filtering techniques, enhanced Kalman filtering techniques,
particle filtering techniques, and least- square-error methods.”

186. I incorporate the discussion provided above with respect to Claim 2.

187.  Further, Sesia discloses multiple techniques and algorithms that can be
used for performing channel estimation. A POSITA would readily appreciate that Sesia
discloses numerous techniques and parameters that correspond with the techniques and
parameters recited in Claim 4. For example, Sesia discloses the following techniques:

e Linear interpolation (Ex. 1003 at 178)
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e Bayesian techniques (/d.)

e Least-Squares (LS) error methods (/d. at 179)
e Regularized LS error methods (/d.)

e Minimum mean-squared error (MMSE) (/d.)

e Mismatched MMSE (/d.)

e Simple interpolator (/d. at 180)

e Fast Fourier Transformation (FFT) (/d.)

e Inverse Fast Fourier Transform (IFFT) (/d. at 180-81)
e Spectral-based methods (/d. at 181-82)

¢ Time-domain MMSE (/d. at 185)

e Normalized Least-Mean-Squares (NLMS) (/d.)
e Kalman filtering techniques (/d.)

e Maximum-likelihood estimation (/d. at 225)

e Maximum-a-posteriori based methods (/d.)

188. As one specific example, Claim 4 requires the use of “at least one
estimation technique of the group consisting of a maximum-likelihood estimation
algorithm . . ..” Sesia explicitly discloses channel estimation based upon of a
maximum-likelithood approach: “[i]n the LTE context, as for any OFDM system with

uniformly distributed reference symbols [18], the Channel Transfer Function (CTF)
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can be estimated using a maximum likelihood approach in the frequency domain.”

Ex. 1003 at 178 (emphasis added).

189. In addition, as noted by the ’347 Patent, the estimation techniques
recited in Claim 4 are well-known and commonly used techniques for performing
channel estimation. Ex. 1001 at 8:17-67. As such, a POSITA would have known that
any of the methods identified in Claim 4 could be used for channel estimation and
would have yielded predictable results.

190. Thus, Sesia discloses and/or renders obvious “wherein the path
parameter information is obtained by at least one estimation technique of the group
consisting of a maximum-likelihood estimation algorithm, periodogram,
correlatorgram, spectral-based methods, Bartlett beamformers, Capon beamformers,
subspace-based techniques, MUSIC (Multiple Slgnal Classification), ESPRIT
(Estimation of Signal Parameters via Rotational Invariance Techniques),
approximation of the maximum-likelithood method based on iterative schemes, SAGE
(Space-Alternating Generalized Expectation- maximization), RiMAX (Richter's
Maximum Likelihood method), maximum-a-posteriori based methods, Evidence
Framework, Bayesian techniques, tracking algorithms, Kalman filtering techniques,
enhanced Kalman filtering techniques, particle filtering techniques, and least- square-

error methods,” as recited in Claim 4.
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E. Dependent Claim 6

191. Claim 6 depends from Claim 1, and thus the discussion above with
respect to Claim 1 is incorporated by reference. Sesia also discloses and/or renders
obvious the additional limitation of Claim 6: “equalizing the predistorted second signal
at the receiver.”

192. As shown in Figures M and N, annotated Figures 21.2 and 21.3 of
Sesia illustrate some of the operations and functions that are performed at the receiver,

which includes an equalizer for performing equalization on received signals. Ex. 1003

at 463 and 464.

Figure M — Annotated Figure 21.2 of Sesia (Ex. 1003)
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Figure 21.2: Measurement points for the EVM for the downlink signal.
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Figure N — Annotated Figure 21.3 of Sesia (Ex. 1003)
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Figure 21.3: Measurement points for the EVM for the uplink signal.

193. Sesia further discloses that many different types of equalization
algorithms can be used by a receiver to remove noise (e.g., Inter-Symbol Interference
(IST)) that impacts a transmitted signal as it travels through a radio channel. /d. at 165.
For example, Sesia discloses performing frequency-domain equalization at the
receiver. Id. at 15. As another example, Sesia discloses performing equalization at the
receiver to recover OFDM symbols. Id. at 128. Based on the disclosures of Sesia, a
POSITA would readily appreciate that Sesia discloses performing equalization at the
receiver.

194. Thus, Sesia discloses and/or renders obvious ‘“equalizing the

predistorted second signal at the receiver,” as recited in Claim 6.
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F. Dependent Claim 7

195. Claim 7 depends from Claim 6 which depends from Claim 1, and thus
the discussions above with respect to Claim 1 and Claim 6 are incorporated by
reference. Sesia also discloses and/or renders obvious the additional limitation of
Claim 7: “wherein equalizing the predistorted second signal is performed using a joint
processing technique in a coordinated multiple-point (CoMP) system.”

196. Sesia discloses that coordinated multiple-point (CoMP) systems are
well known in the art prior to the effective filing date of the 347 Patent. For example,
Sesia discloses that CoMP transmission and reception, also known as Cooperative
MIMO, has received significant attention in academic literature and is being studied as
a technique to increase performance within the evolution of LTE-Advanced for Release
11 or beyond. Ex. 1003 at 669; see also id. at 670-71. Furthermore, I note that the 347
Patent itself identifies CoMP systems in the background section of the *347 Patent. See
Ex. 1001 at 1:11-21.

197. Sesia discloses that, in a multicell context, neighboring base stations
sharing their antennas in virtual MIMO fashion to communicate with the same set of
UEs in different cells is referred to as CoMP transmission and reception. Ex. 1003 at
250-252. As shown below in Figure O, Figure 11.1 of Sesia illustrates the evolution of
MIMO concepts from the simplest diversity setup to the advanced joint-processing

CoMP technique (shown as Cooperative Multicell MU-MIMO). /d.
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Figure O — Figure 11.1 of Sesia (Ex. 1003)
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Figure 11.1: The evolution of MIMO technology, from traditional single antenna
communication, to multi-user MIMO scenarios, to the possible multicell MIMO networks
of the future.

198. Sesia further discloses that in order to further improve spectral
efficiency, especially at the cell edge, a later release of LTE-Advanced may incorporate
enhanced support for CoMP schemes. Id. at 619. Sesia explains that CoMP
transmissions in the downlink entails the coordination of transmissions from multiple
cells. /d. Sesia further explains that this coordination may include techniques such as
coordinated scheduling to one or more UEs or multisite beamforming approaches. /d.
Sesia also states that as part of the network implementation of LTE Release 8, in the

uplink, CoMP reception at different cells is already possible. /d. Based on the
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disclosures of Sesia, a POSITA would readily appreciate that CoMP systems and joint
processing techniques in CoMP systems were well known in the art.

199. Thus, Sesia discloses and/or renders obvious “wherein equalizing the
predistorted second signal is performed using a joint processing technique in a
coordinated multiple-point (CoMP) system,” as recited in Claim 7.

G. Independent Claim 8

[8.0] A system for wireless communication comprising:

200. Sesia discloses a “system for wireless communication.”
201. T incorporate the discussion provided above with respect to claim
clement [1.0] of Claim 1.

[8.1] a receiver;

202. Sesia discloses and/or renders obvious “a receiver.”
203. I incorporate the discussion provided above with respect to claim
clement [1.0] of Claim 1.

[8.2] a transmitter; and

204. Sesia discloses and/or renders obvious “a transmitter.”
205. I incorporate the discussion provided above with respect to claim

clement [1.0] of Claim 1.
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[8.3] a plurality of propagation paths formed between the transmitter and
the receiver which are capable of carrying a signal transmitted by the
transmitter to the receiver,

206. Sesia discloses and/or renders obvious “a plurality of propagation
paths formed between the transmitter and the receiver which are capable of carrying a
signal transmitted by the transmitter to the receiver.”

207. 1 incorporate the discussion provided above with respect to claim
element [1.0] of Claim 1.

[8.4] wherein the receiver is configured to receive a first signal that is

transmitted along a first propagation path of the plurality of propagation

paths from the transmitter, perform a channel estimation based on the first

signal to obtain path parameter information of the first propagation path,

and send the channel estimation that includes the path parameter
information to the transmitter via the first propagation path, and

208. Sesia discloses and/or renders obvious “the receiver is configured to
receive a first signal that is transmitted along a first propagation path of the plurality
of propagation paths from the transmitter, perform a channel estimation based on the
first signal to obtain path parameter information of the first propagation path, and send
the channel estimation that includes the path parameter information to the transmitter
via the first propagation path.”

209. 1 incorporate the discussion provided above with respect to claim
elements [1.1], [1.2], [1.3], and [1.4] of Claim 1.

[8.5] wherein the transmitter is configured to predistort a second signal in

a time domain, a frequency domain, and a spatial domain according to the
channel estimation that is based on the first signal and received from the
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receiver and to transmit the predistorted second signal to the receiver via the
first propagation path.

210. Sesia discloses and/or renders obvious “the transmitter is configured
to predistort a second signal in a time domain, a frequency domain, and a spatial
domain according to the channel estimation that is based on the first signal and received
from the receiver and to transmit the predistorted second signal to the receiver via the
first propagation path.”

211. T incorporate the discussion provided above with respect to claim
clements [1.5], [1.6], and [1.7] of Claim 1.

H. Dependent Claim 9

212.  Claim 9 depends from Claim 8, and thus the discussion above with
respect to Claim 8 is incorporated by reference. Sesia discloses and/or renders obvious
“wherein the path parameter information of the first propagation path includes at least
one of an estimation of a delay, an estimation of a Doppler frequency, an estimation of
a direction of arrival, an estimation of a direction of departure, and an estimation of a
complex amplitude of the first propagation path.”

213. T incorporate the discussion provided above with respect to Claim 2.

I. Dependent Claim 10

214. Claim 10 depends from Claim 8, and thus the discussion above with

respect to Claim 8 is incorporated by reference. Sesia discloses and/or renders obvious
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“wherein the path parameter information of the first propagation path further includes
an estimation of a polarization status of the first propagation path.”
215. Tincorporate the discussion provided above with respect to Claim 3.

J. Dependent Claim 11

216. Claim 11 depends from Claim 8, and thus the discussion above with
respect to Claim 8 is incorporated by reference. Sesia discloses and/or renders obvious
“wherein the path parameter information is obtained by at least one estimation
technique of the group consisting of a maximum likelihood estimation algorithm,
periodogram, correlatorgram, spectral-based methods, Bartlett beamformers, Capon
beamformers, subspace-based techniques, MUSIC (Multiple Slgnal Classification),
ESPRIT (Estimation of Signal Parameters via Rotational Invariance Techniques),
approximation of the maximume-likelihood method based on iterative schemes, SAGE
(Space-Alternating Generalized Expectation maximization), RiMAX (Richter's
Maximum Likelthood method), maximum-a-posteriori based methods, Evidence
Framework, Bayesian techniques, tracking algorithms, Kalman filtering techniques,
enhanced Kalman filtering techniques, particle filtering techniques, and least square-
error methods.”

217. Tincorporate the discussion provided above with respect to Claim 4.
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K. Dependent Claim 12

218. Claim 12 depends from Claim 8, and thus the discussion above with
respect to Claim 8 is incorporated by reference. Sesia also discloses and/or renders
obvious the additional limitation of Claim 12: “wherein the transmitter and the receiver
each comprise multiple antennas in a multiple-input and multiple-output (MIMO)
wireless communication system or a single antenna in a single-input and single-output
(SISO) wireless communication system.”

219. Sesia provides numerous disclosures relating to using SISO and
MIMO in wireless communications. Ex. 1003 at 249-52. For example, Sesia discloses
how SISO is used in traditional wireless communications and that the presence of
multiple antennas in MIMO enables devices to leverage the spatial-domain for
improved performance. /d. Furthermore, as shown above in Figure O, Figure 11.1 of
Sesia illustrates numerous antenna configurations which includes SISO and MIMO
antenna configurations. /d. at 251, Fig. 11.1. As such, it would be evident to a POSITA
from Sesia’s disclosures that the use of SISO and MIMO in wireless communications
were well known in the art before the effective filing date of the *347 Patent.

220. Thus, Sesia discloses and/or renders obvious “wherein the transmitter
and the receiver each comprise multiple antennas in a multiple-input and multiple-
output (MIMO) wireless communication system or a single antenna in a single-input

and single-output (SISO) wireless communication system,” as recited in Claim 12.
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L. Dependent Claim 14

221. Claim 14 depends from Claim 8, and thus the discussion above with
respect to Claim 8 is incorporated by reference. Sesia discloses and/or renders obvious
“wherein the receiver is further configured to equalize the predistorted second signal.”

222. lincorporate the discussion provided above with respect to Claim 6.

M. Independent Claim 15

[15.0] A base station for performing wireless communication with a receiver

in a wireless device via a plurality of propagation paths, the base station

comprising:

223. Sesia discloses and/or renders obvious “[a] base station for performing
wireless communication with a receiver in a wireless device via a plurality of
propagation paths.”

224. 1 incorporate the discussion provided above with respect to claim
element [1.0] of Claim 1.

225. Furthermore, Sesia discloses that the core network in LTE is
comprised of base stations known as NodeBs or evolved NodeBs (eNodeBs), which
connect to UEs. Id. at 26; see also id. at xxxv and xxxii. Based on the disclosure of
Sesia, it is noted that a POSITA would understand that the terms “base station,”

“NodeB,” and “eNodeB” can all be used interchangeably in Sesia. An example of this

configuration is shown below in Figure P.
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Figure P — Figure 2.1 of Sesia (Ex. 1003)
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Figure 2.1: The EPS network elements.

226. Thus, Sesia discloses and/or renders obvious “[a] base station for
performing wireless communication with a receiver in a wireless device via a plurality
of propagation paths,” as recited in claim element [15.0].

[15.1] a transmitter;

227. Sesia discloses and/or renders obvious ‘““a transmitter.”

228. I incorporate the discussion provided above with respect to claim
element [1.0] of Claim 1.

[15.2] a computing device; and

229. Sesia discloses and/or renders obvious “a computing device.”

230. For example, Sesia discloses that a transmitter (e.g., an eNodeB or UE)

utilizes microprocessors for handling and processing the data (e.g., Service Data Units
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(SDUs) and Protocol Data Units (PDUs)) that is sent to a receiver device. Id. at 88.
Sesia also discloses how the increase in processing power of modern Digital Signal
Processors (DSPs) of eNodeBs has paved the way for OFDM usage in LTE. Id. at 124.
Based on Sesia’s discloses, it is clear that the transmitter is a computing device that
includes one or more microprocessors and/or DSPs for performing various operations
and processing data.

231. Thus, Sesia discloses and/or renders obvious “a computing device,” as
recited in claim element [15.2].

[15.3] a computer-readable storage medium having computer-executable

instructions stored thereon that are executable by the computing device to

perform operations comprising:

232. Sesia discloses and/or renders obvious “a computer-readable storage
medium having computer-executable instructions stored thereon that are executable by
the computing device to perform operations.”

233. For example, Sesia provides multiple explanation of how memories
(i.e., computer-readable storage mediums) are used in performing various wireless
communications operations. For example, Sesia discloses the usage of processors and
memories and their requirement for channel coding of data channels in LTE. Id. at 232-

33. As another example, Sesia discloses memory and its role when performing channel

estimations. /d. at 181. As yet another example, Sesia also discloses the role of using
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memory for various coding techniques such as Turbo coding, Contention-Free Turbo
Coding, and Low-Density Parity-Check (LDPC) coding. /d. at 233-36.

234. Further, a POSITA would readily appreciate that the usage of
computer-readable storage mediums (i.e., memories) to store executable instructions
for processors (e.g., microprocessors or DSPs) is well-known in electrical arts prior to
the effective filing date of the *347 Patent.

235. Thus, Sesia discloses and/or renders obvious “a computer-readable
storage medium having computer-executable instructions stored thereon that are
executable by the computing device to perform operations,” as recited in claim element
[15.3].

[15.3.1] transmitting a first signal from the transmitter to the receiver via a
first propagation path of the plurality of propagation paths;

236. Sesia discloses and/or renders obvious “transmitting a first signal from
the transmitter to the receiver via a first propagation path of the plurality of propagation
paths.”

237. 1 incorporate the discussion provided above with respect to claim

element [1.1] of Claim 1.
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[15.3.2] receiving a channel estimation based on the first signal, the channel
estimation including path parameter information of the first propagation
path;

238. Sesia discloses and/or renders obvious “receiving a channel estimation
based on the first signal, the channel estimation including path parameter information
of the first propagation path.”

239. 1 incorporate the discussion provided above with respect to claim
elements [1.2], [1.3], and [1.4] of Claim 1.

[15.3.3] predistorting a second signal in a time domain, a frequency domain,

and a spatial domain according to the channel estimation based on the first

signal; and

240. Sesia discloses and/or renders obvious “predistorting a second signal
in a time domain, a frequency domain, and a spatial domain according to the channel
estimation based on the first signal.”

241. I incorporate the discussion provided above with respect to [1.5] of

Claim 1.

[15.3.4] transmitting the predistorted second signal from the transmitter to
the receiver via the first propagation path.

242. Sesia discloses and/or renders obvious “transmitting the predistorted
second signal from the transmitter to the receiver via the first propagation path.”
243. 1 incorporate the discussion provided above with respect to claim

clement [1.6] of Claim 1.
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N. Dependent Claim 16

244, Claim 16 depends from Claim 15, and thus the discussion above with
respect to Claim 15 is incorporated by reference. Sesia discloses and/or renders obvious
“wherein the path parameter information of the first propagation path includes at least
one of an estimation of a delay, an estimation of a Doppler frequency, an estimation of
a direction of arrival, an estimation of a direction of departure, an estimation of a
complex amplitude of the first propagation path, and an estimation of a polarization
status of the first propagation path.”

245. 1 incorporate the discussion provided above with respect to Claim 2.

O. Dependent Claim 17

246. Claim 17 depends from Claim 15, and thus the discussion above with
respect to Claim 15 is incorporated by reference. Sesia discloses and/or renders obvious
“wherein the transmitter comprises multiple antennas in a multiple-input and multiple-
output (MIMO) wireless communication system or a single antenna in a single-input
and single-output (SISO) wireless communication system.”

247. lincorporate the discussion provided above with respect to Claim 12.

Ex. 1005, page 105
Ex.1005.00111



P. Independent Claim 19

[19.0] A wireless device for performing wireless communication with a base
station with a transmitter via a plurality of propagation paths, the wireless
device comprising:

248. Sesia discloses and/or renders obvious “[a] wireless device for
performing wireless communication with a base station with a transmitter via a
plurality of propagation paths.”

249. 1 incorporate the discussion provided above with respect to claim
element [1.0] of Claim 1 and Claim 6.

250. As shown above in Figure N, Sesia discloses that, in LTE, wireless
devices that communicate with eNodeBs in a network are known as UEs. /d. at 26; see
also id. at 17-18.

251. Thus, Sesia discloses and/or renders obvious “[a] wireless device for
performing wireless communication with a base station with a transmitter via a

plurality of propagation paths,” as recited in claim element [19].

[19.1] a receiver;

252. Sesia discloses and/or renders obvious “a receiver.”

253. I incorporate the discussion provided above with respect to claim
clement [1.0] of Claim 1.

[19.2] a computing device; and

254. Sesia discloses and/or renders obvious “a computing device.”
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255. I incorporate the discussion provided above with respect to claim
element [15.2] of Claim 15.

[19.3] a computer-readable storage medium having computer-executable

instructions stored thereon that are executable by the computing device to

perform operations comprising:

256. Sesia discloses and/or renders obvious “a computer-readable storage
medium having computer-executable instructions stored thereon that are executable by
the computing device to perform operations.”

257. 1 incorporate the discussion provided above with respect to claim

element [15.3] of Claim 15.

[19.3.1] receiving a first signal at the receiver via a first propagation path
of the plurality of propagation paths;

258. Sesia discloses and/or renders obvious “receiving a first signal at the
receiver via a first propagation path of the plurality of propagation paths.”

259. I incorporate the discussion provided above with respect to claim
elements [1.1] and [1.2] of Claim 1.

[19.3.2] performing a channel estimation based on the first signal to obtain
path parameter information of the first propagation path;

260. Sesia discloses and/or renders obvious “performing a channel
estimation based on the first signal to obtain path parameter information of the first

propagation path.”
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261. 1 incorporate the discussion provided above with respect to claim
element [1.3] of Claim 1.

[19.3.3] sending the channel estimation that includes the path parameter
information to the transmitter; and

262. Sesiadiscloses and/or renders obvious “sending the channel estimation
that includes the path parameter information to the transmitter.”

263. I incorporate the discussion provided above with respect to claim
element [1.4] of Claim 1.

[19.3.4] receiving a second signal via the first propagation path, the second

signal predistorted in a time domain, a frequency domain, and a spatial
domain according to the channel estimation based on the first signal.

264. Sesia discloses and/or renders obvious “receiving a second signal via
the first propagation path, the second signal predistorted in a time domain, a frequency
domain, and a spatial domain according to the channel estimation based on the first
signal.”

265. I incorporate the discussion provided above with respect to claim
clements [1.5], [1.6], and [1.7] of Claim 1.

Q. Dependent Claim 20

266. Claim 20 depends from Claim 19, and thus the discussion above with
respect to Claim 19 is incorporated by reference. Sesia discloses and/or renders obvious
“wherein the path parameter information of the first propagation path includes at least

one of an estimation of a delay, an estimation of a Doppler frequency, an estimation of
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a direction of arrival, an estimation of a direction of departure, and an estimation of a
complex amplitude of the first propagation path.”
267. Iincorporate the discussion provided above with respect to Claim 2.

R. Dependent Claim 21
268. Claim 21 depends from Claim 20 which depends from Claim 19, and

thus the discussions above with respect to Claim 19 and Claim 20 are incorporated by
reference. Sesia discloses and/or renders obvious ‘“wherein the path parameter
information of the first propagation path further includes an estimation of a polarization
status of the first propagation path.”

269. I incorporate the discussion provided above with respect to Claim 3.

S.  Dependent Claim 22

270. Claim 22 depends from Claim 19, and thus the discussion above with
respect to Claim 19 is incorporated by reference. Sesia discloses and/or renders obvious
“wherein the path parameter information is obtained by at least one estimation
technique of the group consisting of a maximum likelihood estimation algorithm,
periodogram, correlatorgram, spectral-based methods, Bartlett beamformers, Capon
beamformers, subspace-based techniques, MUSIC (Multiple Slgnal Classification),
ESPRIT(Estimation of Signal Parameters via Rotational Invariance Techniques),
approximation of the maximum-likelihood method based on iterative schemes, SAGE

(Space-Alternating Generalized Expectation- maximization), RiMAX (Richter's

Ex. 1005, page 109
Ex.1005.00115



Maximum Likelithood method), maximum-a-posteriori based methods, Evidence
Framework, Bayesian techniques, tracking algorithms, Kalman filtering techniques,
enhanced Kalman filtering techniques, particle filtering techniques, and least-square-
error methods.”

271. Tincorporate the discussion provided above with respect to Claim 4.

T. Dependent Claim 23

272. Claim 23 depends from Claim 19, and thus the discussion above with
respect to Claim 19 is incorporated by reference. Sesia discloses and/or renders obvious
“wherein the receiver comprises multiple antennas in a multiple-input and multiple-
output (MIMO) wireless communication system or a single antenna in a single-input
and single-output (SISO) wireless communication system.”

273. Tincorporate the discussion provided above with respect to Claim 12.

IX. CONCLUSION

274. 1 hereby declare that all statements made of my own knowledge are
true and that all statements made on information and belief are believed to be true. I
further declare 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
Section 1001 of the Title 18 of the United States Code and that such willful false

statements may jeopardize the validity of this proceeding.
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Executed on this Decerr;‘tﬁ, 2023 by:

v W
JAMES A. PROCTOR
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X. CLAIM LISTING

Elem. Claims 1-7

[1.0] A method for wireless communication in a system including a transmitter, a receiver, and a plurality of
propagation paths formed between the transmitter and the receiver which are capable of carrying a signal
transmitted by the transmitter to the receiver, the method comprising:

[1.1] transmitting a first signal from the transmitter to the receiver via a first propagation path of the plurality of
propagation paths;

[1.2] receiving the first signal at the receiver;

[1.3] performing a channel estimation based on the first signal to obtain path parameter information of the first
propagation path;

[1.4] sending the channel estimation that includes the path parameter information from the receiver to the
transmitter via the first propagation path;

[1.5] predistorting a second signal at the transmitter in a time domain, a frequency domain, and a spatial domain,
according to the channel estimation based on the first signal;

[1.6] transmitting the predistorted second signal from the transmitter to the receiver via the first propagation
path; and

[1.7] receiving the predistorted second signal at the receiver.

2]

3]
[4]

[6]
(7]

The method of claim 1, wherein the path parameter information of the first propagation path includes at least
one of an estimation of a delay, an estimation of a Doppler frequency, an estimation of a direction of arrival,
an estimation of a direction of departure, and an estimation of a complex amplitude of the first propagation
path.

The method of claim 2, wherein the path parameter information of the first propagation path further
includes an estimation of a polarization status of the first propagation path.

The method of claim 1, wherein the path parameter information is obtained by at least one estimation
technique of the group consisting of a maximum-likelihood estimation algorithm, periodogram,
correlatorgram, spectral-based methods, Bartlett beamformers, Capon beamformers, subspace-based
techniques, MUSIC (MUItiple Slgnal Classification), ESPRIT (Estimation of Signal Parameters via
Rotational Invariance Techniques), approximation of the maximum-likelihood method based on iterative
schemes, SAGE (Space-Alternating Generalized Expectation-maximization), RIMAX (Richter's Maximum
Likelihood method), maximum-a-posteriori based methods, Evidence Framework, Bayesian techniques,
tracking algorithms, Kalman filtering techniques, enhanced Kalman filtering techniques, particle filtering
techniques, and least-square-error methods.

The method of claim 1, further comprising equalizing the predistorted second signal at the receiver.

The method of claim 6, wherein equalizing the predistorted second signal is performed using a joint
processing technique in a coordinated multiple-point (CoMP) system.
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Elem. Claims 8-12, 14

8.0]
[8.1]
8.2]
8.3]

[8.4]

[8.5]

91

[10]

[11]

[12]

[14]

A system for wireless communication comprising:
a receiver;

a transmitter; and

a plurality of propagation paths formed between the transmitter and the receiver which are capable of
carrying a signal transmitted by the transmitter to the receiver,

wherein the receiver is configured to receive a first signal that is transmitted along a first propagation path
of the plurality of propagation paths from the transmitter, perform a channel estimation based on the first
signal to obtain path parameter information of the first propagation path, and send the channel estimation
that includes the path parameter information to the transmitter via the first propagation path, and

wherein the transmitter is configured to predistort a second signal in a time domain, a frequency domain,
and a spatial domain according to the channel estimation that is based on the first signal and received from
the receiver and to transmit the predistorted second signal to the receiver via the first propagation path.
The system of claim 8, wherein the path parameter information of the first propagation path includes at
least one of an estimation of a delay, an estimation of a Doppler frequency, an estimation of a direction of
arrival, an estimation of a direction of departure, and an estimation of a complex amplitude of the first
propagation path.

The system of claim 8, wherein the path parameter information of the first propagation path further
includes an estimation of a polarization status of the first propagation path.

The system of claim 8, wherein the path parameter information is obtained by at least one estimation
technique of the group consisting of a maximum likelihood estimation algorithm, periodogram,
correlatorgram, spectral-based methods, Bartlett beamformers, Capon beamformers, subspace-based
techniques, MUSIC (MUltiple Slgnal Classification), ESPRIT (Estimation of Signal Parameters via
Rotational Invariance Techniques), approximation of the maximum-likelihood method based on iterative
schemes, SAGE (Space-Alternating Generalized Expectation-maximization), RIMAX (Richter's Maximum
Likelihood method), maximum-a-posteriori based methods, Evidence Framework, Bayesian techniques,
tracking algorithms, Kalman filtering techniques, enhanced Kalman filtering techniques, particle filtering
techniques, and least-square-error methods.

The system of claim 8, wherein the transmitter and the receiver each comprise multiple antennas in a
multiple-input and multiple-output (MIMO) wireless communication system or a single antenna in a
single-input and single-output (SISO) wireless communication system.

The system of claim 8, wherein the receiver is further configured to equalize the predistorted second signal.
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Elem.

Claims 15-17

[15.0]

[15.1]
[15.2]
[15.3]

[15.3.1]
[15.3.2]
[15.3.3]
[15.3.4]

[16]

[17]

A base station for performing wireless communication with a receiver in a wireless device via a
plurality of propagation paths, the base station comprising:
a transmitter;

a computing device; and

a computer-readable storage medium having computer-executable instructions stored thereon that are
executable by the computing device to perform operations comprising:

transmitting a first signal from the transmitter to the receiver via a first propagation path of the plurality of
propagation paths;

receiving a channel estimation based on the first signal, the channel estimation including path parameter
information of the first propagation path;

predistorting a second signal in a time domain, a frequency domain, and a spatial domain according to the
channel estimation based on the first signal; and

transmitting the predistorted second signal from the transmitter to the receiver via the first propagation
path.

The base station of claim 15, wherein the path parameter information of the first propagation path includes
at least one of an estimation of a delay, an estimation of a Doppler frequency, an estimation of a direction
of arrival, an estimation of a direction of departure, an estimation of a complex amplitude of the first
propagation path, and an estimation of a polarization status of the first propagation path.

The base station of claim 15, wherein the transmitter comprises multiple antennas in a multiple-input and
multiple-output (MIMO) wireless communication system or a single antenna in a single-input and single-
output (SISO) wireless communication system.
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Elem.

Claims 19-23

[19.0]

[19.1]
[19.2]
[19.3]

[19.3.1]
[19.3.2]

[19.3.3]
[19.3.4]

[20]

[21]

[22]

[23]

A wireless device for performing wireless communication with a base station with a transmitter via a
plurality of propagation paths, the wireless device comprising:
a receiver;

a computing device; and

a computer-readable storage medium having computer-executable instructions stored thereon that are
executable by the computing device to perform operations comprising:
receiving a first signal at the receiver via a first propagation path of the plurality of propagation paths;

performing a channel estimation based on the first signal to obtain path parameter information of the first
propagation path;
sending the channel estimation that includes the path parameter information to the transmitter; and

receiving a second signal via the first propagation path, the second signal predistorted in a time domain, a
frequency domain, and a spatial domain according to the channel estimation based on the first signal.

The wireless device of claim 19, wherein the path parameter information of the first propagation path
includes at least one of an estimation of a delay, an estimation of a Doppler frequency, an estimation of a
direction of arrival, an estimation of a direction of departure, and an estimation of a complex amplitude of
the first propagation path.

The wireless device of claim 20, wherein the path parameter information of the first propagation path
further includes an estimation of a polarization status of the first propagation path.

The wireless device of claim 19, wherein the path parameter information is obtained by at least one
estimation technique of the group consisting of a maximum likelihood estimation algorithm, periodogram,
correlatorgram, spectral-based methods, Bartlett beamformers, Capon beamformers, subspace-based
techniques, MUSIC (MUltiple Slgnal Classification), ESPRIT (Estimation of Signal Parameters via
Rotational Invariance Techniques), approximation of the maximum-likelihood method based on iterative
schemes, SAGE (Space-Alternating Generalized Expectation-maximization), RIMAX (Richter's Maximum
Likelihood method), maximum-a-posteriori based methods, Evidence Framework, Bayesian techniques,
tracking algorithms, Kalman filtering techniques, enhanced Kalman filtering techniques, particle filtering
techniques, and least-square-error methods.

The wireless device of claim 19, wherein the receiver comprises multiple antennas in a multiple-input and
multiple-output (MIMO) wireless communication system or a single antenna in a single-input and single-
output (SISO) wireless communication system.
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