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I, Dr. Bertrand Hochwald, declare as follows:

I. INTRODUCTION

[0001] I have been retained by LG Electronics, Inc. (“Petitioner” or “LG”) to
serve as an independent expert consultant in the Inter Partes review (IPR)
proceedings regarding U.S. Patent No. 10,693,700 (the “’700 Patent” or
LGE1001). I have been asked to consider the validity of claims 1, 4, 6-11, 14,
16-21, 24, and 26-30 of the 700 Patent (the “Challenged Claims”). My
opinions are set forth below.

[0002] I am being compensated at my normal rate of $675/hour for all services
rendered. My compensation is not contingent upon the results of my study, the
substance of my opinions, or the outcome of any proceeding involving the
challenged claims. I have no financial interest in the outcome of this matter or
on the pending litigation between Petitioner and Patent Owner.

[0003] My analysis of the materials produced in this proceeding is ongoing and
[ will continue to review any new material that is provided. This declaration is
indicative of only those opinions that I have formed to date. I reserve the right
to amend, revise, and/or supplement my opinions stated herein based on any
new information that may become available to me or my continuing analysis of

the materials already provided.



II. QUALIFICATIONS

[0004] My qualifications for forming the opinions in this report are summarized
here and also noted in my Curriculum Vitae (“CV”), which is submitted as
Appendix A.

[0005] In 1995, I received a Ph.D. in Electrical Engineering from Yale
University. My Ph.D. work involved the analysis and processing of
electromagnetic and audio signals for the estimation of the location of
electromagnetic and audio sources. In 1993, I received an M.A. in Statistics
from Yale University. My primary area of study was Signal Processing and
Communications. [ received an M.S. in Electrical Engineering from Duke
University in 1986, and a B.S. in Engineering from Swarthmore College in
1984.

[0006] Ihave twenty-six years of combined industry and academic experience in
the research and design of hardware, software, and systems for various
technologies, including electronic devices, sensors, signal and image
processing, networking and wireless communications. | have worked in various
industry jobs, including at the Department of Defense, Bell Labs, and a start-up
in California before joining the University of Notre Dame in 2011. As I explain

below, much of my work has been in the general areas of audio/video signal



processing and communications.

[0007] My most recent appointment, starting in 2011, is with the University of
Notre Dame, where I am currently a Freimann Chaired Professor of Electrical
Engineering. 1 have taught both graduate and undergraduate classes in signal
processing, information theory, communications, and in systems theory. I have
also taught courses in electronics, analog and digital signal sensing, processing,
computation, and electronic forms of wireline and wireless networking and
communications. My primary areas of research include such systems, sensors,
communication system design and signal processing. I advise graduate students
who are attaining Ph.D. degrees through research and coursework. My research
work now includes processing of high data rate signals (similar to those used to
transmit and receive coded signals) in communication systems.

[0008] An example of my current work at the University includes a project that
I lead called RadioHound distributed spectrum sensor system for remote
monitoring using radio signals (https://wireless.nd.edu/research/radiohound-
distributed-spectrum-sensing/), which is a multi-year effort involving several
students, faculty, and technicians. The RadioHound system captures data from
hundreds of sensors and displays it in a real-time setting for human

interpretation and assessment. This project, which is funded by government and



industrial sponsors, involves the design of hardware sensors, and software
communications transceivers. The project has become an educational and
research tool used by laboratories inside and outside the University of Notre
Dame.

[0009] Prior to Notre Dame, I worked from 2005-2010 at Beceem
Communications, a 4G WiMax and LTE cellular communication chipset start-
up company in Santa Clara, California, where I was Chief Scientist and Vice
President of Systems Engineering. 1 was an integral part of the chipset
development team. Beceem was bought by Broadcom Corporation in 2010 and
no longer exists as a separate company. Several aspects of channel coding and
wireless communications for our products were developed within this team.

[0010] From 1996-2005, I worked at Lucent Bell Laboratories in New Jersey,
where | was a Distinguished Member of the Technical Staff doing research into
various communication and networking systems. For example, my work in Bell
Labs included wireless communications and multi-antenna signal processing
and coding.

[0011] Before Bell Laboratories, I was a Visiting Assistant Professor at the
University of Illinois in Urbana-Champaign during the 1995-1996 school year,

where I worked on a broad range of research topics related to signal processing
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and wireless communications.

[0012] Prior to completing my Ph.D., during 1986-1989, I worked at the
Department of Defense as a system engineer for signal processing and wireless
communication systems. In this role, I designed wireless communication
equipment for audio and video signal monitoring and processing. Much of this
work is classified for security reasons.

[0013] As a result of my research, I have obtained 48 patents, and I have
published more than one-hundred articles in scholarly journals, many of them
within the journals of the Institute of Electrical and Electronic Engineers
(IEEE), one of the premier societies for electrical engineers. I have been an
invited and plenary speaker at several international conferences throughout the
world and have received awards and recognition for my research and
publications. An example relevant publication includes A. Ashikhmin, A. van
Wijngaarden, Z. Haibo, B. Hochwald, et al, “Design and development of a
terrestrial digital video broadcast demodulation core: An international
collaborative effort,” Bell Labs Technical Journal, vol. 12, pp. 97-118, 2007.

[0014] Since 2012, I have engaged in consulting work as an expert in various
litigation matters including acoustic echo cancelling, multi-antenna

technologies, cellular and wireless local-area-net standards and technologies,
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and touch-screen technologies. I have served as an expert on behalf of both
plaintiffs and defendants in patent cases. I have served as a technology expert
in various aspects of the litigation process, including trade secret disputes, trial
testimony, Markman hearings, and IPRs.

[0015] I have had experience drafting and successfully prosecuting my own
patents, and have worked with other technology experts as a co-inventor and co-
author. Some of my patents deal with coding for multi-antenna
communications. An example is US Patent No. 6,363,121, which designs
multidimensional constellations with a unitary structure for transmission across

multiple antennas.

III. MATERIALS CONSIDERED

[0016] All of the opinions contained in this declaration are based on the
documents I have reviewed and my professional judgment, as well as my
education, experience, and professional knowledge. I am not an attorney and I
am not offering any legal opinions in this declaration.

[0017] In forming my opinions expressed in this declaration, I relied on the 700
Patent (LGE1001), the prosecution history of the 700 Patent (LGE1002), the
prior art references cited herein, and other exhibits I have cited in this

declaration. Some of the additional prior art references I reviewed include:

6
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Prior Art References

U.S. Patent Pub. No. 2004/0054960 to Eroz et al. (LGE1004 or

“Eroz,’)

ETSI EN 300 744 V1.2.1, Digital Video Broadcasting (DVB);
Framing structure, channel coding and modulation for digital

terrestrial television, 1999-07 (LGE1005 or “DVB-T”)

D. Sommer and G.P. Fettweis, Signal Shaping by Non-Uniform
OAM for AWGN Channels and Applications Using Turbo

Coding, January 2000 (LGE1006 or “Sommer™)

Ulrich Reimers et al., DVB The Family of International
Standards for Digital Video Broadcasting, Second Edition, 2005

(LGE1008 or “Ulrich”)

ETSI EN 302 307 V1.1.2, Digital Video Broadcasting (DVB),
Second generation framing structure, channel coding and
modulation systems for Broadcasting, Interactive Services,

News Gathering and other broadband satellite applications,

June, 2006 (LGE1009 or “DVB-S2”)
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U.S. Provisional application No. 60/933,319 (LGE1010 or “’319

Provisional™)

ETSI TS 102 006 V1.2.1, Digital Video Broadcasting (DVB);
Specifications for System Software Update in DVB Systems,

October 2002 (LGE1013 or “DVB-TS”)

De Gaudenzi et al., Turbo-coded APSK modulations design for
satellite broadband communications, Int. J. Satell. Commun.
Network. 2006; 24:261-281, Published online 19 May 2006 in

Wiley InterScience (LGE1014 or “DeGaudenzi’)

Proakis, John G. Digital Communications, Fourth Edition, 2000.

(LGE1021 or “Proakis”)

G. Robins, Signal constellation design tool: A case study in user
interface synthesis, International Conference on Computer
Assisted Learning, 1989. First Online: 01 January 2005.

(LGE1016 or “Robins”)

[0018] Counsel (Fish & Richardson) has informed me that I should consider
these materials through the lens of a person of ordinary skill in the art (POSITA)

related to the 700 Patent, and I have done so during my review of these

12



materials. See also infra Sections VIII-X. The 700 Patent was filed on

December 23, 2019 and claims priority from U.S. Provisional application No.

60/933,319, which was filed on June 5, 2007. LGE1001, cover. For the

purposes of this declaration, Counsel has indicated that I should use June 5, 2007

for the purposes of what a POSITA would have known or considered. I have

therefore used June 5, 2007 as the date for my analysis below.

IV.  OVERVIEW OF CONCLUSIONS FORMED

[0019]

This declaration explains the conclusions that I have formed based on my

analysis. Based on my review of the Challenged Claims and above-noted

materials considered, it is my conclusion that:

1A: Claims 1, 8, 10-11, 18, 20-21, 28, and 30 are obvious over Eroz and
DVB-T;

IB: Claims 1, 6, 8, 10-11, 16, 18, 20-21, 26, 28, and 30 are obvious over
Eroz and DVB-T and DeGaudenzi;

2A: Claims 4, 14, and 24 are obvious over Eroz, DVB-T, and Sommer;
2B: Claims 4, 14, and 24 are obvious over Eroz, DVB-T, and Sommer and
DeGaudenzi;

3A: Claims 7, 17, and 27 are obvious over Eroz, DVB-T, and DVB-S2;

3B: Claims 7, 17, and 27 are obvious over Eroz, DVB-T, and DVB-S2 and
9
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DeGaudenzi; and
e 4A:Claims 9, 19, and 29 are obvious over Eroz, DVB-T, and DVB-TS; and
e 4B: Claims 9, 19, and 29 are obvious over Eroz, DVB-T, and DVB-TS and
DeGaudenzi.
[0020] In support of these conclusions, I provide an overview of the references
and combinations in Section IX and more detailed comments regarding the

obviousness of the Challenged Claims in Section X.

V. LEVEL OF ORDINARY SKILL IN THE ART

[0021] In rendering the opinions set forth in this declaration, I was asked to
consider the Challenged Claims and the prior art through the eyes of a POSITA
as of June 5, 2007. I understand that the factors considered in determining the
ordinary level of skill in a field of art include the level of education and
experience of persons working in the field; the types of problems encountered
in the field; the teachings of the prior art, and the sophistication of the
technology as of June 5, 2007. I understand that a POSITA is not a specific real
individual, but rather is a hypothetical individual having the qualities reflected
by the factors above. I understand that a POSITA would also have knowledge
from the teachings of the prior art, including the art cited below.

[0022] Taking these factors into consideration, a POSITA would have had at
10
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least a Master’s degree in an academic area emphasizing electrical engineering
or a similar discipline, and at least two years of experience in the field working
with, teaching, or researching communication systems including the use of
constellations in transmitting signals between devices. Alternatively, the person
could also hold a more advanced degree, e.g., a Masters or Doctor of Philosophy
degree in these academic disciplines, with less than two years work experience
in the same discipline.

[0023] By June 5, 2007, my level of skill in the art was at least that of a POSITA.
I am qualified to provide opinions concerning what a POSITA would have
known and understood at that time, and my analysis and conclusions herein are

from the perspective of a POSITA as of that date.

VI. LEGAL PRINCIPLES

[0024] 1 am not an attorney and I have not been asked to express any legal
opinions. I have been informed by Counsel and understand that:
e documents and materials that qualify as prior art can render a patent claim
unpatentable as being anticipated or obvious; and
e all prior art references are to be looked at from the viewpoint of a POSITA, and

that this viewpoint prevents one from using his or her own insight or hindsight
11
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in deciding whether a claim is anticipated or rendered obvious.
[0025] In connection with the analysis presented in this declaration, I considered

the following legal standards that counsel for Petitioner provided to me.

A. Anticipation

[0026] I understand that patents or printed publications that qualify as prior art
can be used to invalidate a patent claim as anticipated or as obvious.

[0027] I understand that, once the claims of a patent have been properly
construed, the second step in determining anticipation of a patent claim requires
a comparison of the properly construed claim language to the prior art on a
limitation-by-limitation basis.

[0028] I understand that a prior art reference “anticipates” an asserted claim, and
thus renders the claim invalid, if all limitations of the claim are disclosed in that
prior art reference, either explicitly or inherently (i.e., necessarily present).

B. Obviousness

[0029] Iunderstand that even if a patent is not anticipated, it is still invalid if the
differences between the claimed subject matter and the prior art are such that
the subject matter as a whole would have been obvious to a POSITA as of the

earliest priority date of a patent.

12
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[0030] I have been informed by Counsel and understand that a claim is
unpatentable for obviousness and that obviousness may be based upon a
combination of prior art references. I am informed by Counsel and understand
that the combination of familiar elements according to known methods is likely
to be obvious when it does no more than yield predictable results. However, |
am informed by Counsel and understand that a patent claim composed of several
elements is not proved obvious merely by demonstrating that each of its
elements was, independently, known in the prior art.

[0031] Iam informed by Counsel and understand that when a patented invention
1S a combination of known elements, a court determines whether there was an
apparent reason to combine the known elements in the fashion claimed by the
patent at issue by considering the teachings of prior art references, the effects of
demands known to people working in the field or present in the marketplace,
and the background knowledge possessed by a POSITA.

[0032] I am informed by Counsel and understand that a patent claim composed
of several limitations is not proved obvious merely by demonstrating that each
of its limitations was independently known in the prior art. I am informed by
Counsel and understand that identifying a reason those elements would be

combined can be important because inventions in many instances rely upon

13
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building blocks long since uncovered, and claimed discoveries almost of
necessity will be combinations of what, in some sense, is already known. I am
informed by Counsel and understand that it is improper to use hindsight in an
obviousness analysis, and that a patent’s claims should not be used as a
“roadmap.”

[0033] I am informed by Counsel and understand that an obviousness inquiry
requires consideration of the following factors: (1) the scope and content of the
prior art, (2) the differences between the prior art and the claims, (3) the level
of ordinary skill in the art, and (4) any so called “secondary considerations” of
non-obviousness, which include: (i) “long felt need” for the claimed invention,
(i) commercial success attributable to the claimed invention, (iii) unexpected
results of the claimed invention, and (iv) “copying” of the claimed invention by
others.

[0034] I have been informed by Counsel and understand that an obviousness
evaluation can be based on a single reference or a combination of multiple prior
art references. I understand that the prior art references themselves may provide
a suggestion, motivation, or reason to combine, but that the nexus linking two
or more prior art references is sometimes simple common sense. [ have been

informed by Counsel and understand that obviousness analysis recognizes that

14
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market demand, rather than scientific literature, often drives innovation, and that
a motivation to combine references may be supplied by the direction of the
marketplace.

[0035] I have been informed by Counsel and understand that if a technique has
been used to improve one device, and a POSITA at the time of invention would
have recognized that it would improve similar devices in the same way, using
the technique is obvious unless its actual application is beyond his or her skill.

[0036] I have been informed by Counsel and understand that practical and
common sense considerations should guide a proper obviousness analysis,
because familiar items may have obvious uses beyond their primary purposes.
I have been informed by Counsel and understand that a POSITA looking to
overcome a problem will often be able to fit together the teachings of multiple
prior art references. I have been informed by Counsel and understand that
obviousness analysis therefore takes into account the inferences and creative
steps that a POSITA would have employed at the time of invention.

[0037] I have been informed by Counsel and understand that a proper
obviousness analysis focuses on what was known or obvious to a POSITA at
the time of invention, not just the patentee. Accordingly, I understand that any

need or problem known in the field of endeavor at the time of invention and
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addressed by the patent can provide a reason for combining the elements in the
manner claimed.

[0038] I have been informed by Counsel and understand that a claim can be
obvious in light of a single reference, without the need to combine references,
if the elements of the claim that are not found explicitly or inherently in the
reference can be supplied by the common sense of a POSITA.

[0039] I have been informed by Counsel and understand that there must be a
relationship between any such secondary considerations and the invention, and
that contemporaneous and independent invention by others is a secondary
consideration supporting an obviousness determination.

[0040] In sum, my understanding is that prior art teachings are properly
combined where a POSITA having the understanding and knowledge reflected
in the prior art and motivated by the general problem facing the inventor, would
have been led to make the combination of elements recited in the claims. Under
this analysis, the prior art references themselves, or any need or problem known
in the field of endeavor at the time of the invention, can provide a reason for
combining the elements of multiple prior art references in the claimed manner.

[0041] I have been informed by Counsel and understand that in an inter partes

review (IPR), “the petitioner shall have the burden of proving a proposition of
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unpatentability,” including a proposition of obviousness, “by a preponderance

of the evidence.”

VII. CLAIM CONSTRUCTION

[0042] I understand that when considering the meaning of claims subject to inter
partes review, one must consider the claim language. I understand that claim
terms are generally given their plain and ordinary meaning, as would be
understood by a POSITA in the context of the specification, the prosecution
history, and other claims. I have applied the above principles in forming my

opinions provided in this declaration.

VIII. OVERVIEW OF US PATENT NO. 10,693,700

A. Patent Family of the 700 Patent

[0043] The °700 Patent, titled “Receivers Incorporating Non-Uniform
Multidimensional Constellations and Code Rate Pairs” was filed on December
23, 2019, and issued on June 23, 2020. LGE1001, cover page. I understand
that:

e the 700 Patent issued from US Patent Application No. 16/726,037, and

claims to be a continuation of application No. 16/206,991, filed on Nov.
17
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[0044]

30, 2018, now US Pat. No. 10,567,980;

US Pat. No. 10,567,980 is a continuation of US Patent Application No.
15/682,475, filed on Aug. 21, 2017, now US Pat. No. 10,149,179;

US Pat. No. 10,149,179 is a continuation of US Patent Application No.
15/200,800, filed on Jul. 1, 2016, now US Pat. No. 9,743,292;

US Pat. No. 9,743,292 is a continuation of US Patent Application No.
14/491,731, filed on Sep. 19, 2014, now US Pat. No. 9,385,832;

US Pat. No. 9,385,832 is a continuation of US Patent Application No.
13/618,630, filed on Sep. 14, 2012, now US Pat. No. 8,842,761;

US Pat. No. 8,842,761 is a continuation of US Patent Application No.
13/118,921, filed on May 31, 2011, now US Pat. No. §,270,511;

US Pat. No. 8,270,511 1s a continuation of US Patent Application No.
12/156,989, filed on Jun. 5, 2008, now US Pat. No. 7,978,777; and

US Pat. No. 7,978,777 claims priority from U.S. Provisional application
No. 60/933,319, filed on June 5, 2007. Id.

I have not offered any opinions in this declaration regarding whether the

>700 Patent is entitled to priority to June 5, 2007, but have used this date for my

analysis as I noted above.
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B. Background of the 700 Patent

[0045] The 700 Patent is directed to communication systems that use
“geometrically-shaped constellations” that have a capacity approaching the
Shannon limit. LGE1001, 2:21-25, Abstract. In communication systems, the
term “constellation” refers to “the possible symbols that can be transmitted by
a typical digital communication system.” Id., 1:42-44. When a transmitter
transmits data symbols, a “receiver attempts to detect the symbols that were
transmitted by mapping a received signal to the constellation.” Id., 1:44-46.
The ’700 Patent explains that the “minimum distance (dwx) between
constellation points is indicative of the capacity of a constellation at high signal-
to-noise ratios (SNRs),” so “constellations used in many communication
systems are designed to maximize d...»” to bring the constellation capacity closer
to the Shannon limit. /d., 1:46-50.

[0046] According to the 700 Patent, many communication systems have been
designed to increase the capacity of a communication channel, or come near the
theoretical capacity known as the Shannon limit. LGE1001, 1:55-60. “The
Shannon limit can be thought of as being based upon a theoretical constellation
known as a Gaussian distribution [constellation], which is an infinite

constellation where symbols at the center of the constellation are transmitted
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more frequently than symbols at the edge of the constellation.” Id., 1:62-67.
Known methods to designs systems reaching the Shannon capacity limit include
using coding techniques such as turbo codes or LDPC codes. Id., 1:52-61:2:6.
[0047] The 700 Patent acknowledges that using unequally spaced constellations
to design systems approaching the Shannon capacity limit is not new.
LGE1001, 1:55-60, 2:6-17. One known system “uses unequally spaced
constellations that are optimized to minimize the error rate of an uncoded
system.” Id., 2:6-9. “Another proposed system uses a constellation with
equiprobable but unequally spaced symbols in an attempts[sic] to mimic a
Gaussian distribution.” 1d., 2:10-12. Yet another known method “increases the
dimensionality of a constellation or select[s] a new symbol to be transmitted
taking into consideration previously transmitted symbols.” [Id., 2:13-15.
Although the ’700 Patent contends that earlier “constellation[s] were still
designed based on a minimum distance criteria,” known prior art systems that
employed unequally spaced constellations without reliance on a minimum

distance criteria also existed. Id., 2:15-17; see infra Sections [X-X.

C.  Brief Description of the 700 Patent

[0048] The 700 Patent discloses “constructing a modulation such that the

20
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constrained capacity between a transmitter and a receiver approaches the
Gaussian channel limit first described by Shannon.” LGE1001, 2:21-25. The
700 Patent discloses a method for locating points (in a one or multiple
dimensional space) in order to maximize capacity between the input and output
of a bit or symbol mapper and demapper respectively.” Id., 2:29-34.

[0049] Figure 1 (reproduced below) shows a communication system 10
according to the 700 Patent, which includes “a source 12 that provides user bits
to a transmitter 14,” which in turn “transmits symbols over a channel to a
receiver 16 using a predetermined modulation scheme.” LGE1001, 5:32-35.
Using knowledge of the modulation scheme, the receiver 16 decodes the signal
and provides the decoded bits to a sink device 18 connected to the receiver 16.

ld., 5:33-35.

12

L Sink

Source

Channel 1
Transmitter Receiver

7N
’ / FIG. 1 '

10
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LGE1001, FIG. 1.

[0050] FIG. 2 (reproduced below) of the *700 Patent depicts the transmitter 14
and its components, which include a coder 20, a mapper 22, and a modulator
24. LGE1001, 3:45-46, 5:40-51. FIG. 3 (reproduced below) of the 700 Patent
depicts the receiver 16 and its components, which include a demodulator 30, a

demapper 32, and a decoder 34. LGE1001, 3:47-48, 5:53-59.

TRANSMITTER

User
bits Channel
Coder —1 Mapper — Modulator

/ S /

V4 VN

FIG. 2 1

16

30 32 FIG.3 =
N\~
\ \ RECEIVER \ _

Channel bits
Demadulator o] Demapper frreme Decoder
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LGE1001, FIGS. 2-3.!

[0051] The coder 20 of the transmitter 14 “receives user bits from a source and
encodes the bits in accordance with a predetermined coding scheme,” such as a
capacity approaching code (e.g., turbo code, LDPC code) or other coding
schemes that provide a coding gain. LGE1001, 5:40-44. A mapper 22
connected to the coder “maps the bits output by the coder to a symbol within a
geometrically distributed signal constellation stored within the mapper” and
“provides the symbols to a modulator 24, which modulates the symbols for
transmission via the channel.” Id., 5:46-51. The mapper of the transmitter
encodes bits to symbols in a symbol constellation that “is a capacity optimized
geometrically spaced symbol constellation that provides a given capacity at a
reduced signal-to-noise ratio compared to a signal constellation that maximizes
dmin.” 1d., 2:52-55, 2:56-62, 4:66-5:3. Signal-to-noise ratio (SNR) is “defined
as the ratio of the average constellation energy per dimension to the average

noise energy per dimension.” [Id., 7:52-54. The *700 Patent explains that

'T have annotated this and other figures in my declaration using colored text and/or

marks.
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“capacity optimized constellation at low SNRs are geometrically shaped
constellations that can achieve significantly higher performance gains
(measured as reduction in minimum required SNR) than constellations that
maximize dmin.” Id., 8:25-29.

[0052] “Capacity measures that can be used in the selection of the location of
constellation points include ... parallel decode (PD) capacity and joint
capacity.” LGE1001, 5:6-8. The “PD capacity of a channel can be viewed in
terms of the mutual information between the output bits of the encoder (such as
an LDPC encoder) at the transmitter and the likelthoods computed by the
demapper at the receiver,” and it is “influenced by both the placement of points
within the constellation and by the labelling assignment.” Id., 6:64-7:3. Joint
capacity describes “the achievable capacity between the input of the mapper on
the transmit side of the link and the output of the channel (including for example
AWGN and Fading channels).” Id., 7:18-21. The PD capacity and Joint
capacity can be compared with the Gaussian capacity, as illustrated in FIG. 6a-

b of the ‘700 Patent.
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Receiver 16 of FIG. 3 “includes a demodulator 30 that demodulates a

signal received via the channel to obtain symbol or bit likelihoods” and a

demapper 32 that “uses knowledge of the geometrically shaped symbol

constellation used by the transmitter to determine these likelihoods.” LGE1001,

5:54-58. The demapper also “provides the likelihoods to a decoder 34 that

decodes the encoded bit stream to provide a sequence of received bits to a sink.”

1d., 5:58-60.
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[0054] The 700 Patent discloses that “[t]Jransmitters and receivers ... utilize
geometrically shaped symbol constellations” and that a geometrically shaped
symbol constellation can be “used that optimizes the capacity of the
constellation.” LGE1001, 5:62-66. Various factors dictate the selection of a
constellation, including whether the code rate is fixed and specific performance
requirements (e.g., specified bit rate, a maximum transmit power). Id., 5:66-
6:20. The *700 Patent states that in “many embodiments, a geometrically
shaped constellation is used to replace a conventional constellation (i.e. a
constellation maximized for dm...) in the mapper of transmitters and the
demapper of receivers within a communication system.” /d., 6:8-13. Moreover,
a conventional communication system can easily substitute a conventional
constellation with a “geometrically shaped constellation that provides a
capacity, which is greater than the capacity of a constellation maximized for
dwmin,” by way of firmware or software upgrades of the transmitter/receiver. Id.,
6:25-32.

[0055] The 700 Patent explains that PAM constellations can be paired with
specific code rates to optimize capacity. LGE1001, 10:10-29. For example,
FIG. 8a shows the lower SNR for optimized constellations relative to classic

PAM constellations. /d. The *700 Patent discloses certain conditions (e.g., bit
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rate, SNR) at which the PAM constellations can be optimized. For instance,
FIGS. 1la-b provides a range of bit rates and SNRs at which PAM-4
constellations can be optimized for joint capacity or parallel decoding capacity.

LGEI1001, 11:8-16.
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D. Summary of the Prosecution History of the 700 Patent

[0056] The *700 Patent issued on June 23, 2020 and was filed as a Track 1
application on December 23,2019. LGE1001, 1; LGE1002, 1, 1,153. Although
several IDSs were submitted during prosecution, the Examiner did not rely on
any reference cited in an IDS for rejections and did not issue any Office Action
during prosecution. See generally LGE1002. The Examiner issued a Notice of
Allowance and provided a generic reason for allowing the application, namely
that “the arts of record fail to teach in combinations of the claimed” entirety of

each of the 3 independent claims. LGE1002, 1,048-1,060, 1,118-1,121.

IX. OVERVIEW OF PRIOR ART REFERENCES AND COMBINATIONS
A.  Overview of Eroz?

[0057] Eroz is a U.S. Patent Publication entitled “Method and System for

providing Low Density Parity Check (LDPC) Encoding.” LGE1004, cover.

2 In my declaration, general descriptions I provide for prior art references and
combinations thereof are incorporated into each subsection and mapping of the

claims that includes citations to these references.
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Like the *700 Patent, Eroz discloses that “a communications system configured
to utilize Low Density Parity Check (LPDC) codes,” and that “generates signal
waveforms across a communication channel to a receiver.” LGE1004, 4[0030];
LGE1001, 4:62-5:51. Eroz’s FIG. 1 (reproduced below) depicts an example
communication system 100 that “includes a transmitter 101 that generates signal
waveforms across a communication channel 103 to a receiver 105.” LGE1004,
q[0030], FIG. 1. The “signal waveforms are attenuated, or otherwise altered, by
communications channel 103. Id. Transmitter 101 can include an LDPC
encoder 203 and modulator 205 to transmit LDPC codes. LGE1004, q4[0030]-

[0058], FIGS. 2A, 2B.

100

101 103 105

\ ~ \
TRANSMITTER > CHANNEL > RECEIVER

LGE1004, FIG. 1.

[0058] Eroz’s FIG. 3 (reproduced below) depicts an example receiver 105/300
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receiving signals via antenna 303. LGE1004, FIG. 3. The “receiver 300
includes a demodulator 301 that performs demodulation of received signals
from transmitter 200,” “a decoder 305, which attempts to reconstruct the
original source messages by generating messages, X', in conjunction with a bit
metric generator 307 that, in some implementations, is configured to

“exchange[ ] probability information with the decoder 305.” LGE1004,

1[0058].
203 RECEIVER 300
301
f-j ¢
- Y 305
DEMODULATOR _
d DEIDCCTIS:ER X
u
A
307\  BITMETRIC a
GENERATOR

LGE1004, FIG. 3.
[0059] Eroz discloses that:
At the receiving side, a receiver 300 includes a demodulator 301 that

performs demodulation of received signals from transmitter 200. These
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signals are received at a receive antenna 303 for demodulation. After
demodulation, the received signals are forwarded to a decoder 305,
which attempts to reconstruct the original source messages by
generating messages, X', in conjunction with a bit metric generator
307. With non-Gray mapping, the bit metric generator 307 exchanges
probability information with the decoder 305 back and forth
(iteratively) during the decoding process, which is detailed in FIG. 10.
Alternatively, if Gray mapping is used (according to one embodiment
of the present invention), one pass of the bit metric generator is
sufficient, in which further attempts of bit metric generation after each
LDPC decoder iteration are likely to yield limited performance
improvement.LGE1004, [0058].

[0060] Eroz explicitly states that “[t]here i1s also a need for using LDPC codes
efficiently to support high data rates, without introducing greater complexity”
and includes claims directed to “modulating the LDPC coded signal according
to a signal constellation that includes one of 8-PSK (Phase Shift Keying), 16-

QAM (Quadrature Amplitude Modulation).” LGE1004, §[0006], claim 7.

31

35



B. Overview of DVB-T

[0061] DVB-T is a standard document entitled “Digital Video Broadcasting
(DVB); Framing structure, channel coding and modulation for digital terrestrial
television.” LGE1005, 1. DVB-T describes details for inner and outer coding,
mapping, constellations (uniform and non-uniform), modes of operation (e.g.,
2K or 8K), and code rates in support of DVB communications over a
communication network, and, particularly for “the adaptation of the baseband
TV signals ... to the terrestrial channel characteristics.” Id., 8-9.

[0062] DVB-T describes implementations in which different levels of QAM
modulation and different inner code rates can be used to trade bit rate versus
ruggedness. LGE1005, 9. In some implementations, DVB-T teaches the use
of non-uniform constellations for QAM style modulation. For example, DVB-
T discloses that “[a]ll data carriers in one OFDM frame are either QPSK, 16-
QAM, 64-QAM, non-uniform-16-QAM or non-uniform-64-QAM using Gray
mapping.” Id., 20. Examples of four non-uniform constellations are shown
below in Figures 9b and 9c. In particular, Figure 9b illustrates a non-uniform
16-QAM (top) and a non-uniform 64-QAM (bottom) when a=2. Id., 22. Figure
9C illustrates a non-uniform 16-QAM (top) and a non-uniform 64-QAM

(bottom) when a=4. Id., 23.
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LGE1005, FIG. 9c.
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[0063] Alpha (a) is defined as a “constellation ratio which determines the QAM
constellation for the modulation for hierarchical transmission.” Id., 7. The
value for a can be set to configure the shape and uniformity of a constellation.
DVB-T teaches that “the a value defines the modulation based on the cloud
spacing of a generalized QAM constellation. It allows specification of uniform
and non-uniform modulation schemes covering QPSK, 16-QAM, and 64-
QAM.” Id., 29. For example, as shown in DVB-T’s Figure 9a below, when
a=1, a uniform constellation can be implemented. /d., 21. However, the spacing
between different points in the constellation (and axes) increases when a is
increased resulting in non-uniformity, as shown above in Figures 9b and 9c. Id.,

22-23.
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LGE1005, FIG. 9a.

[0064] DVB-T also describes the use of Transmission Parameter Signaling
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(TPS) in which “TPS carriers are used for the purpose of signalling parameters
related to the transmission scheme, i.e. to channel coding and modulation,” to
the receiver. LGE1005, 29. “The TPS carriers convey information on: a)
modulation including the a value of the QAM constellation pattern ...; b)
hierarchy information; c) guard interval (not for initial acquisition but for
supporting initial response of the receiver in case of reconfiguration); d) inner
code rates; e) transmission mode (2K or 8K, not for the initial acquisition but
for supporting initial response of the receiver in case of reconfiguration); and f)

frame number in a super-frame.” Id., 29.

C. Combination of Eroz and DVB-T

[0065] It would have been obvious for a POSITA to combine the teachings of
Eroz and DVB-T such that Eroz’s LDPC communication system, including its
transmitter and receiver, are modified to implement teachings of the DVB-T
standard, such as (1) non-uniform QAM constellations with 0=2 or a=4 and
different coding rates, as described in more detail in DVB-T and below in
Sections X.A.[le]-[1f]; and (2) DVB-T’s use of signaling information, such as
the TPS, to signal to a receiver the modulation, code rate, and constellation ratio

being used for signal transmission. Doing so would have predictably resulted
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in LDPC-encoded DVB data being communicated from a transmitter to a
receiver over a terrestrial digital video broadcasting communication system.
EDC would have still used Eroz’s LDPC coding in a “variety of digital video
applications, such as MPEG (Motion Pictures Expert Group)” and DVB-T’s
“adaptation of the baseband TV signals from the output of the MPEG-2
transport multiplexer.” LGE1004, [0057], LGE1005, 8.

[0066] In combining the teachings of Eroz and DVB-T, it would have been
obvious to a POSITA that the EDC system would have used the same or similar
code rates, constellation ratios, and constellation types, as disclosed by DVB-T,
to obtain the benefits of the DVB-T standard while using LDPC codes. For
example, in the EDC system, it would have been obvious to a POSITA that the
same or similar code rate range values of 1/2, 2/3, 3/4, 5/6, and 7/8 can be used
to transmit LDPC codes from Eroz’s transmitter to receiver. LGE1005, 32. In
a related DVB standard that incorporates LDPC codes, a similar but expanded
code rate range of 1/4 to 9/10 is used. LGE1009, 6.

[0067] In addition, while Eroz discloses the use of standard constellations, such
as 8-PSK and QAM, modifying the constellations (e.g., by applying a
constellation ratio, a, as prescribed by DVB-T) would have been obvious and

easily implemented by a POSITA. The log-likelihood calculations for decoding
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the standard PSK/QAM constellations in Eroz would similarly be modified to
perform decoding in the EDC system. It would also have been obvious to a
POSITA that the constellation ratio o impacting the spacing of points in a
constellation could also be the same or similar to the constellation ratios
disclosed in DVB-T. LGE1005, 31.

[0068] A POSITA looking to utilize Eroz’s system in a terrestrial digital video
broadcasting environment would have looked towards the DVB-T standard and
implemented features of the standard. This would have allowed devices in
Eroz’s system to be more compliant with the requirements of the DVB-T
standard, In fact, by using Eroz’s LDPC coding with features (e.g., modulation
type, code rates, TPS) of the DVB-T standard, the combined system would have
yielded an improved performance even relative to other DVB-T systems
because LDPC codes have better performance and capacities that enable a
system to operate closer to the Shannon limit than convolutional codes generally
used in the DVB-T standard. Indeed, a subsequent DVB standard eventually
released in 2006 used LDPC codes. LGE1009, 6.

[0069] A POSITA would have also incorporated DVB-T’s use of signaling
information, such as TPS carriers, in Eroz’s system to help provide signal

transmission information from a transmitter to a receiver in the EDC system.
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Doing so would allow Eroz’s receiver to obtain information (e.g., modulation
type, code rate, hierarchy information, guard interval, transmission mode) about
a signal and configure its settings to optimize reception of incoming signals
from a transmitter.

[0070] As can be appreciated from the foregoing, combining the teachings of
Eroz and DVB-T would have simply involved combining prior art elements
according to known methods to yield predictable results. A POSITA would
have implemented the teachings of DVB-T in Eroz’s system without much
difficulty and in a predictable manner because making such modifications
would have merely involved implementing software code for configuring the
desired code rates, modulation and constellation types, which was well-known
in the art. Since the essential communication system structure of Eroz, which
combines one or more channel codes with a constellation, is the same as is done
in the DVB-T standard, the effort and understanding needed to combine these
references is no more than the effort to understand either Eroz or DVB-T alone.

[0071] Indeed, implementing such software code would have been foreseeable
and predictable for a POSITA and well within the capabilities of a POSITA.
For example, Ulrich, a book by one of the chairpersons of the DVB standard,

explains that manufactures would create devices for multiple applications and
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adapt the software. For example, control software could “be adapted, which
usually is rather simply done...” LGE1008, 267. Ulrich continues to describe
that “[f]Jor various reasons, manufacturers need to be able to update the
receiver’s software, of products which are already on the market.” LGE1008,
299. As can be appreciated from the foregoing, combining the teachings of Eroz
and DVB-T would have involved combining prior art elements according to
known methods to yield predictable results.

[0072] EDC would also have been predictable because elements of the combined
system would have performed similar functions that had been known prior to
the combination. For example, Eroz’s communication system (with a
transmitter and a receiver) would still perform in the same or similar manner but

use the constellation and code rate pairs specified by DVB-T.

D. Overview of Sommer

[0073] Sommer, titled Signal Shaping by Non-Uniform QAM for AWGN
Channels and Applications Using Turbo Coding, is directed to a “non-uniform
signal set constellation [] used in order to provide shaping gain,” where shaping
gain is understood as “the gain in SNR of a NU-ASK [(non-uniform amplitude

shift keying)] compared to a uniform ASK at a certain capacity.” LGE1006, 1,
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3. Sommer explains that “[n]on-uniform (NU) signal point constellations have
a long tradition, e.g., in order to create a signal set for hierarchical (rate adaptive)
transmission.” LGE1006, 1.

[0074] Sommer discloses combining “the (NU) signal point constellation” with
coding, such as “bit-interleaved coded modulation (BICM) ... in conjunction

b

with Gray labeling,” which “provides similar gain when ... simple parallel
decoding of the different bit levels is used.” LGE1006, 1. Sommer also
compares the performance of “non-uniform signal set constellation[s]” (e.g.,
NU-QAM or NU-ASK) over uniform constellations (e.g., classical QAM and
ASK), using BICM or parallel decoding (PD) capacity in added white Gaussian
noise (AWGN) channels. 1d., 1, 3 (“we use the term PD for BICM”). FIG. 3(b)
shows the PD capacity for NU-ASK versus ASK constellations. Id. FIG.4(a)
explicitly shows, for the PD capacity (Cpp), a “Decoder structure” for “BICM
with PD” that has no “AFD, additional feedback decoding,” as opposed to the

decoder structure of “BICM with AFD” for signal set capacity (Cpp) in

FIG.4(b). Id., 2-4.
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E. Combination of EDC and Sommer

[0075] It would have been obvious for a POSITA to combine the teachings of
EDC with Sommer such that the EDC’s plurality of non-uniform
multidimensional symbol constellations EDC device would have benefited from
1) using equally likely signal points with unequal spacing in its non-uniform
constellations and using more points at the lower power levels and less at higher,
and 2) assigning the labeling and spacing of constellation points to achieve a
desired shaping gain, as taught by Sommer. LGE1006, 1, 3, 5. The EDC device
would have utilized Sommer’s teachings by updating the tables of constellation
points and code rates and implementing grey labeling (a feature already
disclosed in Eroz’s non-uniform constellations). LGE1004, §[0058]. Since the
EDC device already utilizes constellation points, channel codes with code rates,
and labelling of constellation points, such a combination would have simply
involved combining prior art elements according to known methods to yield
predictable results, and would have been well within the capabilities of a
POSITA who would have been familiar with configuring and/or programming
of constellations. For example, a POSITA seeking to improve channel
performance, would have implemented the EDC combination and optimized the

non-uniform constellations, as taught by Sommer, to improve channel
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performance, closer to the Shannon limit.

[0076] Moreover, a POSITA would have been able to combine the teachings of
EDC and Sommer with a foreseeable chance of success and in a predictable
manner. For example, Sommer discloses that shaping gains do “not entail any
additional computational effort. Only the lookup tables for single transmission
and metric calculation have to be replaced, so signal shaping with gain up to
about 1dB has been demonstrated without changing the coder/decoder
structure.” LGE1006, 5. A POSITA would understand that the updating of
these tables can be accomplished through software updates, which, as noted
above, Ulrich reveals “is rather simply done” by manufacturers. LGE1008, 267,
299.

[0077] The combination would also have been predictable because elements of
the combined system would have performed similar functions that had been
known prior to the combination. For example, EDC’s communication system
(with a transmitter and a receiver) would still perform in the same or similar
manner but using constellations shaped according to Sommer’s method.

[0078] In addition to the above, AWGN was commonly used to simulate
background noise of a channel under study, in addition to multipath, terrain

blocking, interference, ground clutter and self-interference that modern radio
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systems encounter in terrestrial operation. Thus, applying Sommer’s teachings
(related to non-uniform QAMs in AWGN channels) in EDC would have also
allowed a system designer to estimate or determine the background channel
noise and interferences in terrestrial operations of the EDC system.

[0079] Although Sommer is not specifically focused on LDPC codes, the
teachings of Sommer incorporated into EDC would have also been beneficial
for the LDPC encoded data in EDC. For instance, a POSITA would have known
that the benefits of shaping gains and greater parallel decoding capacity of non-
uniform constellations would have also been achieved in EDC’s LDPC coded
data system by using equally likely signal points with unequal spacing and more
points at the lower power levels and less at higher. Further, the EDC
combination already utilizes non-uniform or unequally spaced constellations,
and thus the incorporation of Sommer’s teachings to enhance performance
closer to the Shannon limit would have been predictable and obvious to a

POSITA.

F. Overview of DeGaudenzi

[0080] DeGaudenzi, titled Turbo-coded APSK modulations design for satellite

broadband communications, is directed to “coded modulations based on
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amplitude phase shift keying (APSK) modulation.” LGE1014, 261.
DeGaudenzi is specifically related to the optimization of constellations based
on the “mutual information” or capacity, which generates an optimum
constellation for a given signal to noise ratio (SNR) or spectral efficiency. Id.,
261, 266. DeGaudenzi uses Forward Error Correction (FEC) encoding and bit-
interleaved coded modulation (“BICM,” also referred to interchangeably in the
art with the term “parallel decoding”) because “[a]n additional advantage of
BICM is its inherent flexibility, as a single mother code can be used for several
modulations, an appealing feature for broadband satellite communication
systems where a large set of spectral efficiencies is needed.” Id., 262-263;
LGE1006, 3; LGE1001, 6:53-67 (“[e]xpressed another way, the PD capacity of
a channel can be viewed in terms of the mutual information”); LGE1001, 6:64-
65; LGE1014, 262, 272.

[0081] DeGaudenzi “propose[s a] new criteria for the design of digital QAM
constellations of 16 and 32 points, with special emphasis on the behavior on
nonlinear channels,” and does so by providing examples of M-APSK
constellations. LGE1014, 264. In general, “M-APSK constellations are
composed of np concentric rings” with each [th ring having a number of

points (n;), a radius (77) and a relative phase shift (6;). LGE1014, 264. The
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number of concentric rings (ng), the number of points (n;), the radius (r;) and
the relative phase shift (8;) can vary and be optimized for capacity, for a fixed
constellation size M.

[0082] DeGaudenzi’s FIG. 1 (reproduced below) depicts an example of a 16- and
32-APSK constellation. LGE1014, 265. For the 32-APSK, the optimized
constellation has 3 rings, with 4, 12, and 16 constellation points, respectively.
The 16-APSK has 4 and 12 constellation points in its two rings. /d. In FIG. 1,
although DeGaudenzi discloses uniformly-spaced PSK points around each of its
concentric rings, the radii of the rings are not uniformly spaced, nor are the
numbers of points on individual rings equal or multiples of each other, hence
making the resulting APSK constellation, as a whole, unequally spaced or non-
uniform. LGE1014, 264. As depicted in FIG. 1, theT numbers of constellation
points are unequal and unequally spaced, and the radii of the rings are not

multiples of a particular number.
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LGE1014, FIG.1.
[0083] DeGaudenzi explains that “for a given SNR, or equivalently, for a given

spectral efficiency R; an optimum constellation can be obtained, a procedure
we apply in the following to 16- and 32-ary constellations.” LGE1014, 266.

DeGaudenzi’s “Table I provides the optimized 16- and 32-APSK parameters for
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various coding rates, giving an optimum constellation for each given spectral
efficiency,” or, in other words, at a given SNR. LGE1014, 268. Table I
(reproduced below) lists 11 different constellations having two types of
modulation orders, namely 4+12 APSK and 4+12+16-APSK. LGE1014, 271.
The optimized coding rate, spectral efficiency, and radii ratio (p2 and p3)
associated with the second and third rings is provided in the table. Because the
optimized p> and p3 have different values, each of the listed constellations has a

different shape and size.

16(4+12) Non-uniform
symbol constellations points

Table I. Optimized constellation parameters for 16- ary and 32-ary APSK.

) Modulation order Coding rate, r | Spectral eff. (bps/Hz) ﬁﬁp‘zp -fa-_.‘l‘pgm
| [#+12APSK 23 i 2.67 35 N/A
1 |4+ 12.aP8K 34 " 3.00 285 N/A
. - 1 |4+ 12-AP8K 45 3.20 275 N/A
Constellation i |4+ 12-apsK 5/6 ! 3.33 270 N/A
and 1 |4+ 12-APsK 8/9 ! 3.56 2.60 N/A
) y L4+ 12.APSK 9/10 ' 3.60 2,57 N/A
predetermined " |
. y |4+ 12+ 16APSK 34 ! 3.75 2.84 527
code rate pair 4+ 12+ 16-APSK 45 ] 4.00 272 487
"4+ 12+ 16APSK 5/6 I 4.17 2.64 4.64
I [4+12+16APSK 89 I 4.44 254 433
144124 16APSK 910 | 4.50 253 4.30
L e =
32(4+12+16) Non-uniform
symbol constellations points
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LGE1014, Table I°.

[0084] DeGaudenzi achieves this performance improvement by “show[ing] that

the degrees of freedom in the design of an APSK modulation can be exploited
thanks to the mutual information maximization, and this has been applied to
the design of 16- and 32-ary constellations. This technique has been shown to
extend the standard minimum Euclidean distance maximization, yielding a
small but significant improvement.” LGE1014, 279. Of particular
significance, is not just the distance between individual points, but between the
concentric rings. “The constellation geometry clearly indicates that the
distances to consider are between points belonging to the same ring, or between
points in adjacent rings.” LGE1014, 265. DeGaudenzi found that by adjusting
the distances between rings, “small but significant improvement” could be

achieved. LG1014, 266, 279. Specifically, “the best offset between rings

3 Table I (shown above) has a typographical error. DeGaudenzi defines p; (see

LGE1014, 264) as the relative radii of the /th ring with respect to first ring i.e., 11,

p; = 1;/1ry. Thus for 1= 1, p;will always be r; /r;=1. Hence, p; and p2should be

replaced with p; and p; as p; always has a unity value. LGE1014, 264.
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happens when @, = ni.” LGE1014, 266. In addition to the improvements made
2

through spacing, DeGaudenzi introduces a “new method [that] generates an
optimum constellation for each spectral efficiency.” LGE1014, 261. The
optimum constellation for each spectral efficiency “can easily be evaluated
using the Gauss-Hermite quadrature rules, making numerical evaluations very
simple.” LGE1014, 266. As, DeGaudenzi explains, “the two-dimensional
optimization can be done by simply finding the p, that maximizes mutual
information” and that “the optimum constellation separates the rings by a
distance larger than the number of points in the ring itself, so that the relative
phase ¢ has no significant impact in the distance spectrum of the constellation.”
LGE1014,267-268. All of this information can be pre-calculated and formatted
into a table, such as Table I. LGE1014, 268.

[0085] DeGaudenzi discloses that “the optimization method based on the mutual
information ... can be easily extended to the case of the BICM mutual
information [13](sic, [14]) with almost identical results assuming Gray
mapping.” LGE1014, 272. The spacing and locations (e.g., the radii and phase
shifts) and labels (e.g., using Gray labeling/mapping) of constellation points are
assigned fo maximize parallel decode capacity (e.g., BICM mutual

information/capacity) of the symbol constellation at a given signal-to-noise
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ratio.  Id., 264, 266, 272-273. In particular, DeGaudenzi discloses
“[c]onstellation optimization” in “finding an [optimized] APSK constellation”
via “[m]utual information maximization” or maximization of parallel
decoding capacity by varying the parameters p = (pl,..., an) and ¢ =
(gbl, ...,qbnR), 1.e., the relative radii and phase shifts (i.e., locations) of the

constellation points. Id., 264, 266. Additionally, DeGaudenzi shows example
optimized 16- and 32-APSK constellations with coding “for various coding
rates” in Table I. LGE1014, 268, 271, Table 1. Although DeGaudenzi provides
certain examples of particular types of constellations, its disclosure is broad and
can be applied to different types of coding and modulation types. This is also
confirmed by DeGaudenzi’s use of BICM, expressly, for its flexibility and
ability to be used with several modulations. LGE1014, 262-263.

[0086] For example, although the examples provided in Table I and FIG. 1
related to an APSK, DeGaundenzi’s teachings can be applied to QAMs.
LGE1014, 264 (“[w]e propose new criteria for the design of digital QAM
constellations of 16 and 32 points™). Indeed, QAMs can be considered a subset
of APSKs because all QAM schemes modulate both the amplitude and phase of
the carrier. The distinction between the two is in their production, e.g., because

a QAM is produced from two orthogonal signals. With respect to coding
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techniques, DeGaudenzi is directed to FEC code designs. LGE1014, 272. It
well-known in the art that FEC coding refers to a variety of different coding
schemes including LDPC, Polar, Turbo, and convolutional codes. See e.g.,
LGE1014, 262. Thus, it would have been obvious to a POSITA that the

teachings of DeGaudenzi would have applied to systems using LDPC coding.

G. Combination of EDC and DeGaudenzi

[0087] A POSITA would have combined the teachings of DeGaudenzi with the
EDC so that the parallel decoding capacities of EDC’s plurality of different non-
uniform multidimensional symbol constellations (e.g., EDC’s non-uniform-16-
QAM constellations) would have been optimized. In particular, a POSITA
would have incorporated DeGaudenzi’s teachings to configure constellation
designs (including the labels and spacing of points) to maximize the parallel
decoding capacity of each of a plurality of constellation and also realize an
optimal spectral efficiency or SNR, as shown above in DeGaudenzi’s Table 1.
LGE1014, 271. AsIdescribed in the previous section, DeGaudenzi’s teachings
would have also applied to QAM constellations and LDPC coding. Thus, it
would have been obvious for a POSITA to turn to DeGaudenzi’s teachings and

combine its teachings with EDC’s system, which utilizes Eroz’s LDPC coding.
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Indeed, Eroz compares the performance LDPC with turbo codes to show the
advantages of LDPC coding. LGE1004 q[0033].

[0088] Advantageously, by maximizing the parallel decoding capacity and
optimizing the spectral efficiency/SNR, EDC’s system can realize
constellations that are power and spectrally efficient, and thereby increase the
capability of using such constellations in various communication systems (e.g.,
systems that include terrestrial and satellite communications). LGE1014, 261-
262. Indeed, DeGaudenzi also suggests that its optimization technique would
allow EDC’s terrestrial system to perform better if complemented with satellite
communication systems. /d.

[0089] A POSITA would have combined EDC and DeGaudenzi as described
above by modifying EDC’s system, e.g., the constellation designing software,
to include code that can implement DeGaudenzi’s optimization method and
achieve the maximum parallel decoding capacity outcome noted above.
Amending the software in EDC’s system to incorporate the teachings of
DeGaudenzi would have been well within the knowledge and capabilities of a
POSITA and would have simply involved implementing optimization formulas,
codes, and tables for the same/similar types of constellations (e.g., QAM)

disclosed by both EDC and DeGaudenzi. As stated earlier, Ulrich disclosed that
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manufactures would create devices for multiple applications and adapt the
software. For example, control software could “be adapted, which usually is
rather simply done...” LGE1008, 267. Ulrich continues to describe that “[f]or
various reasons, manufacturers need to be able to update the receiver’s software,
of products which are already on the market.” LGE1008, 299. Accordingly,
combining the teachings of EDC and DeGaudenzi would have simply involved
combining prior art elements according to known methods to yield predictable
results.

[0090] Moreover, the combination of EDC and DeGaudenzi would also have
been predictable with a foreseeable chance of success. As noted in DeGaudenzi,
a new standard, namely the Digital Video Broadcasting standard for satellite
communications (which is described in the next section) was released around
the same time that DeGaudenzi was published/written and focused on applying
similar techniques in satellite communication systems. Thus, the application of
DeGaudenzi’s teachings to extend or complement the DVB-T standard, as noted
above, would not only have been obvious and predictable for the reasons noted
above, but it would also have been foreseeable as it was actually being done at
the time of the DeGaudenzi publication and disclosed in DeGaudenzi as a way

to provide digital broadcasting data to scarcely populated regions. LGE1014,
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261-262.

H. Overview of DVB-S2

[0091] DVB-S2 is a standard document entitled “Digital Video Broadcasting
(DVB); Second generation framing structure, channel coding and modulation
systems for Broadcasting, Interactive Services, News Gathering and other
broadband satellite applications.” LGE1009, 1. DVB-S2 is in the same family
of standards and produced by the same committee as the DVB-T standard of the
EDC combination (See supra Section 1X.C). LGE1005, 1, LGE1008, 1. DVB-
S2 teaches a method of transmitting digital television signals using variable
coding and modulation, adaptive coding modulation, Forward Error Correction
(FEC), and Low-Density Parity Checks (LDPC) codes. For example, DVB-S2
describes the use of Quadrature Phase Shift Keying (QPSK), Quadrature
Amplitude Modulation (QAM).

[0092] DVB-S2 employs Variable Coding Rate (VCM), which “may be
combined with the use of return channels, to achieve Adaptive Coding and
Modulation (ACM).” LGE1009, 6. An example of ACM is provided in DVB-
S2’s Figure H.6 (reproduced below), which depicts a DVB-S2 communication

system including a receiver that receives a signal from a transmitter over a
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channel. The receiver can transmit information regarding the channel
conditions including carrier to noise plus interference ratio (C/N+I or CNI), via

a return channel, back to the transmitter. /d., 6, 66-69.

TS Satellite
Rrs=50 Mbit/s channel TS
1 DVB-52 Modulator D1=2640 ms DVEB-52 Demodulator (BR
Ree= : Framing decoding 1
1050 Mbit/s NP _ _ |
| Deletion ACM Framing NP | TS
Video S | & & ACM Re- | DE
VBR MUX Jb Buffer Mod signalling 8 Dem || insertion [™ MUX
Source D6 I — ™ 3 & FIFO |
D5= 12ms | : il |
100-500 ms C/N+I
- | — — control Ris |
ACM D7=10 ms D7=1ms D8=10ms recovery
Command- Short D2=1.ms
loop ,
Bit-rate D4=200-300 Return channel D3-100
control modem S=Hitms
unit

LGE1009, 67.

[0093] ACM utilizes receivers to provide feedback on signal quality. LGE1009,
6. “This technique provides more exact channel protection and dynamic link
adaptation to propagation conditions, targeting each individual receiving
terminal. ACM systems promise satellite capacity gains of up to 100%-200%.
In addition, service availability may be extended compared to a constant
protection system (CCM) such as DVB-S or DVB-DSNG. Such gains are
achieved by informing the satellite up-link station of the channel condition (e.g.

C/N+I) of each receiving terminal via the satellite or terrestrial return channels.”
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ld., 6.

1. Combination of EDC and DVB-S2

[0094] It would have been obvious to a POSITA to combine the EDC system
with the teachings of DVB-S2 such that a return channel to transmit information
regarding the channel conditions including (C/N+I) from the receiver back to
the transmitter, as disclosed by DVB-S2, is implemented in the EDC system.
LGE1009, 6, 66-69. DeGaudenzi corroborates that teachings from satellite
transmission methods (DVB-S2) are valuable in terrestrial transmission
methods (DVB-T) by stating: “[s]atellite systems also provide a unique way to
complement the terrestrial telecommunication infrastructure in scarcely
populated regions.” LGE1014, 262. Combining the teachings of EDC and DVB-
S2 in this manner would have merely involved combining prior art elements
according to known methods to yield predictable results. Here, the predictable
and foreseeable result would have been that Eroz’s communication system
would also have a return channel between the receiver to the transmitter.
Incorporating the return channel feature would have been beneficial because the
channel feedback information would have provided the transmitter with

configuration information, such as modulations, code rates, constellations,
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constellation ratios (a), and related details to configure LDPC-encoded DVB
data from a transmitter to a receiver over a communication channel. By
configuring the transmission based on information related to the quality of the
communication channel, communication performance between the transmitter
and receiver would have improved, for example, by reducing data loss,
increasing data throughput, increasing capacity gains, and using code rate and
constellations that are more suitable for the existing channel conditions.

[0095] Moreover, this combination would have been predictable and foreseeable
for several reasons. First, a user or system designer of the EDC system would
have desired a system in which the transmitter can obtain information about and
respond to channel conditions and signal quality indicators to minimize signal
noise and loss and, more generally, to achieve the benefits noted in the preceding
paragraph. This is a common goal of system designers and would have made
this combination foreseeable.

[0096] Second, DVB-S2 and DVB-T belong to the same family of ETSI DVB
standards and the DVB-S2 standard uses LDPC coding like the EDC system.
LGE1009, 1-6, 12, 13; LGE1005, 1-5; See supra Section IX.C. While DVB-S2
is directed to satellite communications and DVB-T is directed to terrestrial

communications, combining aspects of different standards or even
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implementing multiple standards in a single device or system would have been
obvious and was already being practiced. LGE1009, 1; LGE1005, 1. For
example, Ulrich, a book by one of the chairpersons of the DVB standard,
explains that DVB-T receivers were used in various devices and would “often
have to be ‘world receivers’” when used in certain types of devices such as
handheld devices, PDAs, and car receivers. LGE1008, 257-258, v-x. “World
receivers” refers to receivers that “allow[ ] reception in all possible
environments (frequency range, channel arrangement, bandwidth)” and
“features other reception standards, like analogue TV, ATSC or ISDB-T.”
LGE1008, 258. Indeed, a technology referred to as Network Interface Module
(NIM) technology was developed to receive all types of DVB signals including
DVB satellite and DVB terrestrial signals. LGE1008, 267. Ulrich explains that
some of advantages of NIM were that “[1]t has all the technology and the related
know-how ‘on board’, in one module,” and “exactly the same receiver [can be
used] for all DVB systems.” LGE1008, 267-268. As such, modifying the EDC
system and devices therein to implement multiple standards, such as DVB-T,
DVB-S2, and incorporate the return channel, as disclosed by DVB-S2, in the
EDC system would have been obvious, predictable, and foreseeable, and,

according to Ulrich, would have been achievable using a receiver that is already
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configured for all DVB systems.

[0097] A POSITA would have combined EDC and DVB-S2 without much
difficulty and in the above-noted predictable manner at least because such
technology was already being implemented (e.g., the Network Interface
Modulation (NIM) technology described above) and similar products were
already in the market (see e.g., NIM chip from Philips shown below in FIG.
11.14). LGE1008, 268. Ulrich further states that “NIMs from various
manufactures can be interchanged. The control software needs to be adapted,
which usually is rather simply done...” Id., 267 “Since NIMs are available for
different DVB transmission systems, namely satellite, cable, and terrestrial, they
allow for the design of exactly the same receiver for all DVB systems.”
(emphasis added) /d., 268. For at least the foregoing reasons, a POSITA would

have found it obvious to combine EDC and DVB-S2.
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Fig. 11.14 Network Interface Module (NIM) from Philips4 (top and bottom view)

LGE1008, 268.

J. Overview of DVB-TS
[0098] DVB-TS is a technical specification in the family of DVB Standards. It

“defines agreements on which to base interoperability for system software
update services and receivers.” LGE1013, 5. DVB-TS “specifies a standard

mechanism for signalling a software update service and the means to carry the
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data for such a software update service.” Id, 7. Among its various features and
teachings, DVB-TS:
e “defines the signalling information that can be used to locate the
transport stream containing the system software update service”;
e “defines the options for transmitting the actual system software
update service in either a proprietary data transfer format, or a
standardized 2-layer DVB data carousel”; and
e “defines a recommended format for exchanging the system software
update data from receiver manufacturer to the network (or multiplex)
operator for subsequent transmission.” LGE1013, 5-6.

K. Combination of EDC and DVB-TS

[0099] As noted above in Section IX.J DVB-TS describes how system software
can be updated in services and receivers in DVB systems. LGE1013, 1-7, cover.
DVB-TS explains that “[i]n order to guarantee the functionality of a receiver as
well as increasing its functionality once deployed in the field a software update
service is required.” Id., 7.

[0100] It would have been obvious to a POSITA to combine EDC with the
teachings of DVB-TS so that software updates would have been made to

communication network devices, such as the receiver described in EDC. A
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standard is necessary to specify how such updates would be implemented in a
network-independent manner since a variety of transmitters and receivers of
various manufacturers can exist within the same network. Because DVB-TS is
a standard that discloses methods for specifying updates, it would have been
obvious for users of related DVB standards to turn to DVB-TS for guidance on
how to implement software updates. Further, it has been shown that Ulrich
supports this perspective and cites both manufactures and developers when
describing a need for software update capabilities. [cite]

[0101] Combining the teachings of EDC and DVB-TS would have merely
involved combining prior art elements according to known methods to yield
predictable and foreseeable results. Here, combining the teachings of EDC and
DVB-TS would have predictably allowed a device, such as EDC’s receiver, to
receive updates so that corrects software bugs, and continues to increase its
functionality as necessary based on consumer requirements. For example, when
a system is initially designed for a particular terrestrial network and environment
and over time the network and environment changes (along with devices and
software), it would have been obvious to update the receiver’s software to adapt
to the network and environmental changes and address technological issues

(e.g., software bugs, new constellation designs). A POSITA understands that it
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is advantageous to implement as much of a receiver’s functionality in software
as practical since this software can be changed more readily and inexpensively
than the hardware. Indeed, as I mentioned above, Ulrich also explains that, in
DVB systems, “control software needs to be adapted, which usually is rather
simply done” and that “[f]or various reasons, manufacturers need to be able to
update the receiver's software, of products which are already on the market.”
LGE1008, 267, 299. Accordingly, incorporating the DVB-TS’s disclosure of
updates in EDC would have been predictable and foreseeable consistent with

well-known practices as of June 5, 2007.

[0102] As I explain in the next section, the Challenged Claims are obvious in

view of the references and combinations described in this section.

X. APPLICATION OF THE PRIOR ART TO THE REFERENCES

A. Ground 1A: Eroz and DVB-T render claims 1, 8, 10-11, 18, 20-21, 28, and
30 obvious

Claim 1
[1pre] A communication system, comprising:

[0103] To the extent the preamble is limiting, EDC renders [ 1pre] obvious. Eroz
is directed to a communication system for providing LDPC encoding.

LGE1004, cover, 9[0030]. An example of Eroz’s communication system is
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illustrated in Eroz’s FIG. 1 (reproduced below).

FIG. 1

Communication system
100

101 103 105
— Z N~
TRANSMITTER - CHANNEL »  RECEIVER

LGE1004, FIG. 1
[0104] Eroz’s communication system 100 “includes a transmitter 101 that

generates signal waveforms across a communication channel 103 to a receiver

105.” LGE1004, §[0030].

[1a] a receiver capable of receiving signals via a communication channel having a
channel signal-to-noise ratio (SNR), wherein the receiver comprises:

[0105] As noted above in [1pre] and shown below in FIG. 1, Eroz discloses a
recetver 105 that is capable of receiving signals via communication channel 103
from transmitter 101. LGE1004, q[0030]. It is known in the art that a
communication channel between a transmitter and receiver has a channel signal-
to-noise ratio (SNR). A POSITA would have recognized that the signal

propagates through the channel, and the noise would have come through that
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same channel as interference or be added at the receiver electronics. Eroz
teaches that “communication channels exhibit a fixed capacity that can be
expressed in terms of bits per symbol at certain signal to noise ratio (SNR).”
LGE1004, q[0003]; see also FIG. 7. Moreover, a POSITA would have
understood that such an SNR is usually computed with the power of the signal
of interest in the numerator and the power of the noise (or noise-plus-
interference) in the denominator, and that the SNR plays an important role in
determining a communication system’s performance. Accordingly, it would

have been obvious to a POSITA that Eroz’s communication channel 103 has a

SNR.

FIG. 1

100

101 103 105
. P —
TRANSMITTER g CHANNEL > RECEIVER

LGE1004, FIG. 1

[1b] a demodulator capable of demodulating a received signal into a demodulated
signal;
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[0106] Eroz’s “FIG. 3 is a diagram of an exemplary receiver in the system of
FIG. 1.” LGE1004, 4[0058]. As explained above in Section IX.A and shown
in Eroz’s FIG. 3 below, Eroz teaches that “receiver 300 includes a demodulator
301 that performs demodulation of received signals from transmitter.” Id. A
demodulated signal generated by the demodulator 301 is provided to the bit

metric generator 307 and LDPC decoder 305. /Id.

RECEIVER 300

303
301
,J 'y
Y 305
DEMODULATOR _
LDPC

d

A 4 u
307 \|  BITMETRIC a
GENERATOR

LGE1004, FIG. 3.

DECODER

[1c] a demapper, coupled to the demodulator, capable of determining likelihoods
using the demodulated signal and a multidimensional symbol constellation
selected from a plurality of multidimensional symbol constellations; and

[0107] Asshown in Eroz’s FIG. 3 below, Eroz’s receiver 300 includes bit metric
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generator 307 (“a demapper’) that is coupled to demodulator 301. LGE1004,
q[0058], FIG. 3. Based on the signal received from the demodulator 301, the
bit metric generator 307 exchanges probability information with the decoder
305 iteratively when non-Gray mapping is used or in a single iteration when

Gray mapping is used. LGE1004, [0058], FIGS. 10-11.

203 RECEIVER 300
301
,-J ¢l
Y 305
DEMODULATOR _
LDPC
- 3
d . DECODER X
A 4
307 | BITMETRIC |a
GENERATOR

LGE1004, FIG. 3.

[0108] In one example, an 8-PSK modulation is used to communicate data, and
Eroz’s “bit metric generator 307 communicates with the LDPC decoder 305 to
exchange a priori probability information and a posteriori probability
information, which respectively are represented as u, and a. That is, the vectors

u and a respectively represent a priori and a posteriori probabilities of log

likelihood ratios of coded bits.” LGE1004, 9[0076]-[0077]. A POSITA would
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recognize that the vector u is created, in part, using the constellation demapper.
[0109] Next, the bit metric generator 307 determines symbol probabilities using
a lookup table, and determines a priori log likelihood ratios of the coded bits,
which are provided to the LDPC decoder 305. LGE1004, 4[0076]-[0082].
[0110] In addition to the 8-PSK modulation example described above, Eroz
discloses that its system can utilize a plurality of multidimensional symbol
constellations. For example, Eroz’s claim 7 recites “modulating the LDPC
coded signal according to a signal constellation that includes one of §-PSK
(Phase Shift Keying), 16-QAM (Quadrature Amplitude Modulation), QPSK
(Quadrature Phase Shift Keying), 16-APSK (Amplitude Phase Shift Keying)
and 32-APSK.” LGEI1004, claim 7. Eroz explains that its modulator 205 in
transmitter 101/200 can map encoded messages from encoder 203 to signal
waveforms that are transmitted to a transmit antenna 207, and “[t]he
transmissions from the transmit antenna 207 propagate to a receiver.”
LGE1004, 99[0034]-[0036], FIGS. 2A, 2B. It would have been understood by
a POSITA that the modulator 205 would have selected one of the plurality of
multidimensional symbol constellations noted above to modulate data to be
transmitted, and that the receiver would make a similar selection to ensure it

demodulates the data according to the modulation used by the transmitter.
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[0111] Indeed, DVB-T confirms this understanding. For example, DVB-T
teaches that a transmitter uses transmission parameter signaling (TPS) carriers
“for the purpose of signalling parameters related to the transmission scheme, i.e.
to channel coding and modulation.” LGE1005, 29. “The TPS carriers convey
information on: a) modulation including the a value of the QAM constellation
pattern ... b) hierarchy information; ... d) inner code rates; €) transmission
mode.” Id. “The a value defines the modulation based on the cloud spacing of
a generalized QAM constellation. It allows specification of uniform and non-
uniform modulation schemes, covering QPSK, 16-QAM, and 64-QAM.” Id.
The constellation type, hierarchy information including the a value, and code
rate to be used in a transmission can be signaled to the receiver by using
designated sets of bits, as shown in DVB-T’s Tables 11-13 below. LGE1005,
31-32.

Table 11: Signalling format for the possible constellation patterns

Bits S95: S9g Constellation characteristics
0o QPSK
01 16-CAM
10 64-CAM
11 reserved

LGE1005, Table 11
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Table 12: Signalling format for the o values

Bits So7 S28° 529 o value
000 Mon hierarchical
001 o =1
010 =2
011 =4
100 reserved
101 reserved
110 reserved
111 reserved

LGE1005, Table 12

Table 13: Signalling format for each of the code rates

Bits Code rate
S0 539, 537 (HP stream)
$33. 534- S35 (LP stream)
000 1/2
001 213
010 3/4
011 5/6
100 7/8
101 reserved
110 reserved
111 reserved

LGE1005, Table 13
[0112] The above-noted tables provide information on the values of the various
transmission parameters that can be used to configure a transmission scheme.
A more comprehensive list of transmission parameters that can be provided by
the TPS carriers is shown below in Table 9. This shows the breadth of capability
in the transmitter and the receiver in coordinating the constellation, code rate,
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and more. This TPS formatting lays the framework from which the transmitter
and receiver can choose the modulation scheme, constellation, code rate, and

uniformity (via the hierarchal modulation value of o). LGE1005, 30.

Table 9: TPS signalling information and format

Bit number Format Purpose/Content
50 see subclause 4.6.2.1 Initialization
S1- 516 0011010111101110 or Synchronization word
1100101000010001
517 - 522 010 111 Length indicator
593, S94 see table 10 Frame number
525, 595 see table 11 Constellation
S57, 528 539 see table 12 Hierarchy information
530, 531. 532 see table 13 Code rate, HP stream
S43, 534, 535 see table 13 Code rate, LP stream
536, 537 see table 14 Guard interval
538, Sag see table 15 Transmission mode
540 - 553 all setto "0" Reserved for future use
Sc4 - 57 BCH code Error protection
LGE1005, Table 9

[0113] It would have been obvious to a POSITA that the same or similar
signaling information can be used when LDPC codes are being communicated
in the EDC system. For instance, the a and code rates values could be the same
for LDPC and non-LDPC codes. Yet, as explained above in Section IX.C, the
LDPC codes may also include additional MODCOD (Modulation and Coding)
combinations and values. Even though these table values could be the same, a
POSITA would understand that the inclusion of the LDPC code in place of the

convolutional code in the DVB-T standard would yield improved performance
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such as lower error rates for a given SNR. For instance, a POSITA may seek to
optimizes performance of the system by combining particular constellations
with particular code rates based on performance of those constellations at a
given SNR.

[0114] Eroz’s method of receiving a signal and reversing the encoding process
to determine received bit values was well known in the art. For example, Ulrich,
a textbook that describes technical features of digital video broadcasting
systems and methods, also explains that at the receiver of a communication
system, “processing steps that were carried out at the encoder have to be
reversed.” LGEI1008, 198. That is, when a particular type of modulation,
mapping, and encoding is used on the transmitter, a corresponding modulation,
mapping, and decoding 1s performed at the receiver to recover the information
bits. For example, if a 16-QAM modulation with a=2 is used to modulate data
a transmitter, the receiver would have received transmission parameter
information and configured itself to demodulate a received signal using 16-
QAM demodulation and a=2.

[0115] Based on the foregoing, it would have been obvious to a POSITA that
EDC teaches “a demapper, coupled to the demodulator, capable of determining

likelithoods using the demodulated signal and a multidimensional symbol
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constellation selected from a plurality of multidimensional

constellations.”

[1d] a decoder, coupled to the demapper, capable of using the likelihoods
determined by the demapper to provide a sequence of received bits based upon a
low density parity check (LDPC) code;

[0116] As shown in Eroz’s FIG. 3 below, Eroz’s receiver 300 includes a LDPC

decoder 305 that is coupled to the bit metric generator 307 (demapper).

LGE1004, 4[0058], FIG. 3.

303

RECEIVER 300

—.—' Xl

307

301
/ ¢
v 4 305
DEMODULATOR _
LDPC
d DECODER
A
BIT METRIC a
GENERATOR

[0117] The decoder 305 uses the probability information (likelihoods)

determined by the bit metric generator 307 (demapper) to reconstruct the

LGE1004, FIG. 3.

76

80

symbol




original source messages. LGE1004, q[0058]; see supra [1c]. In particular, the
LDPC decoder 305 “is considered a message passing decoder, whereby the
decoder 305 aims to find the values of bit nodes” (“a sequence of received bits
based upon a low density parity check (LDPC) code”). LGE1004, 99[0061]-
[0063], [0076]; see also FIGS. 10-11, 44[0083]-[0107] (describing specifics of
decoding non-Gray and Gray codes).

[0118] Using the likelihoods determined by the demapper to provide a sequence
of received bits would also have been obvious to a POSITA because it was well-
known in the art. For example, Ulrich explains that a common approach to
determine the likelihood that a received bit was either a 1 or a 0 was to use

probability densities, as shown below in Ulrich’s FIG. 6.16. LGE1008, 136

ply;[x) & ___— threshold

Fig.6.16. Probability density of the received
signal and hard-decision threshold

LGEI1008, 136.

[1e] wherein the plurality of multidimensional symbol constellations comprises a
plurality of different non-uniform multidimensional symbol constellations having
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the same number of constellation points, where the constellation points are non-
uniformly spaced in each degree of freedom available to the multidimensional
symbol constellations;

[0119] As noted above in [1c], Eroz and DVB-T disclose using a constellation
from among a plurality of multidimensional symbol constellations. LGE1004,
claim 7; LGE1005, 31-32. In particular, DVB-T discloses that the constellations
can also include non-uniform-16-QAM or non-uniform-64-QAM, as shown in
DVB-T’s Figures 9b and 9c¢ below. LGE1005, 20-24. Figures 9B and 9C
illustrate non-uniform-16-QAM and non-uniform-64-QAM constellations at o
equals to 2 and 4, respectively, resulting in different constellations. Two of
these plurality of constellations have 16 points (“a plurality of different non-
uniform multidimensional symbol constellations having the same number of
constellation points”), and the two others have 64 points. Accordingly, EDC
renders obvious [1e].

[0120] Moreover, as shown in Figures 9b and 9¢ below, “the constellation points
are non-uniformly spaced in each degree of freedom available to the
multidimensional symbol constellations.” For example, in the non-uniform-
QAMs shown in Figure 9b, the constellation points are non-uniformly spaced
along the real axis by 2 or 4 (note: a=2), and along the imaginary axis by 2 or 4.

In the non-uniform-QAMs shown in Figure 9c, the constellation points are non-
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uniformly spaced along the real axis by 2 or 8 (note: a=4), and along the

imaginary axis by 2 or 8. LGE1005, 20-24
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Figure 3b: Non-uniform 16-QAM and 64-0AM mappings with @ = 2

LGE1005, Figure 9b.
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LGE1005, Figure 9c.
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[1f] wherein the receiver is capable of selecting an LDPC code rate and
multidimensional symbol constellation pair from a plurality of predetermined

LDPC code rate and multidimensional symbol constellation pairs, where each of
the plurality of different non-uniform multidimensional symbol constellations is

only included in one of the plurality of predetermined LDPC code rate and
multidimensional symbol constellation pairs.

[0121] Asexplained in [1c], the receiver receives TPS carriers with transmission

parameter information used to configure signals received by the receiver.
LGE1005, 29-34. The information includes the modulation type, code rate, and
a value, which “allows specification of uniform and non-uniform modulation
schemes, covering QPSK, 16-QAM, and 64-QAM.” LGE1005, 29. The
receiver selects the same modulation type, code rate, and o value specified in
the transmission parameter information to demodulate, demap, and decode the
received signal (“the receiver is capable of selecting an LDPC code rate and
multidimensional symbol constellation pair from a plurality of predetermined
LDPC code rate and multidimensional symbol constellation pairs”). See
supra [1c]; LGE1008, 198. Recall that Eroz is directed to LDPC encoding and
decoding and that EDC also would have performed LDPC encoding and
decoding. See supra §§X.A.[1pre]-[1b]; LGE1004, Abstract, 99[0029]-[0039],

[0058]-[0061].

[0122] Asnoted above in [1d], DVB-T’s Figures 9b and 9c¢ disclose examples of

four non-uniform constellations, namely non-uniform-16-QAM and non-

81

85



uniform-64-QAM when a equals 2 or 4. LGE1005, 20-24. These constellations
can also be used at different code rates. For example, the TPS carrier can specify
a QAM modulation (16- or 64- point), a value (non-uniform 2 or 4), and a code
rate (1/2-7/8) to specify a particular constellation from among a plurality of
constellations.

[0123] While a plurality of constellation and code rate pairs can be used in a
communication system, in some cases, an optimized set of constellation-code
rate pairs would have been obvious and desirable to use. For instance, while it
was known in the art that a constellation can be utilized with different code rates
and, more generally, can be configured in various suitable ways, configuring
constellation and code rate pairs that have been optimized for SNR or spectral
efficiency would have been desirable so that inefficient constellation and code
rate pairs are not utilized in EDC’s system. Accordingly, it would have been
obvious to a POSITA that, in EDC, each of the plurality of different non-uniform
multidimensional symbol constellations is only included in one of the plurality
of predetermined LDPC code rate and multidimensional symbol constellation
pairs. In this manner, whichever constellation-code rate pair is selected by the
EDC system, the selected constellation-code rate pair is one that will perform

with the highest efficiency. Such a system would have been obvious to a
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POSITA because selecting a constellation with optimized configurations (e.g.,
the best efficiency) would have been desirable to maximize performance of the
EDC system. The obviousness of such a system is corroborated in DeGaudenzi,

as described in more detail below in §X.B.[ 11].

Claim 8

[8] The communication system of claim 1, wherein the demodulator is capable of
using a demodulation scheme that is based on phase shift keying and the degrees
of freedom available to the multidimensional symbol constellations are amplitude
and phase.

[0124] As noted above in [lc], Eroz discloses that its system can utilize a
plurality of multidimensional symbol constellations including constellations
based on phase shift keying modulation. For example, Eroz’s claim 7 recites
“modulating the LDPC coded signal according to a signal constellation that
includes one of 8-PSK (Phase Shift Keying), 16-QAM (Quadrature Amplitude
Modulation), QPSK (Quadrature Phase Shift Keying), 16-APSK (Amplitude
Phase Shift Keying) and 32-APSK.” LGEI1004, claim 7. Moreover, Eroz
discloses two examples of 8-PSK modulated constellations in FIGS. 8A (non-
Gray) and 8B (Gray) and explains how demodulator 301 can receive and
demodulate a 8-PSK modulated signal and provide the demodulated signal to

the bit metric generator 307 (demapper) and decoder 305. LGE1004, §9[0058],
83

87



[0068]-[0093]. APSK is a digital modulation scheme that, by definition,
conveys data by modulating both the amplitude and the phase of a signal. APSK
generally is specified by rings of points wherein the rings are not necessarily
spaced uniformly from each other. LGE1014, 264, LGE1021, 174-175, 277-
278.. Accordingly, EDC renders obvious “the demodulator is capable of using
a demodulation scheme that is based on phase shift keying.” It would also
have been obvious to a POSITA that “the degrees of freedom available to the
multidimensional symbol constellations are amplitude and phase” at least
because the EDC system can process (modulate and demodulate) APSK

constellations.

Claim 10

[10pre] The communication system of claim 1, further comprising a transmitter
capable of transmitting signals via the communication channel, where the
transmitter comprises:

[0125] Asexplained above in [1pre] and [1b], Eroz’s communication system 100
includes a transmitter 101 that is capable of transmitting signals via
communication channel 103. LGE1004, q[0030], FIG. 1. The “signal
waveforms are attenuated, or otherwise altered, by communications channel

103. Id..
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FIG. 1

e Communication system

101 103 105
— Z ~—
TRANSMITTER - CHANNEL »  RECEIVER

LGEI1004, FIG. 1.

[10a] a coder capable of receiving bits and outputting encoded bits using the Low
Density Parity Check (LDPC) code;

[0126] Details of Eroz’s transmitter 101/200 are shown in Eroz’s FIG. 2A
(reproduced below). LGE1004, 99[0030], [0034]. Eroz’s transmitter 200
includes a LDPC encoder 203 (“coder”) that is capable of receiving bits from &
signals. LGE1004, 4[0034]. The bits are encoded using a LDPC code.
LGE1004, q[0034]. LDPC encoder 203 outputs encoded bits (using alphabet
Y) and provides signals with the encoded bits to modulator 205. LGE1004,

€[0035].
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FIG. 2A
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[10b] @ mapper, coupled to the coder, capable of mapping the encoded bits to
symbols in the selected multidimensional symbol constellation; and

[0127] Eroz generally discloses the use of symbols and provide several examples
utilizing 8-PSK symbols. LGE1004, q9[0003], [0071], [0074]-[0075], [0108].
Although not explicitly shown in Eroz’s transmitter 200, it would have been
obvious to a POSITA that a mapper is used in Eroz’s transmitter so that bits can
be mapped to symbols in a particular, selected multidimensional symbol
constellation. DVB-T corroborates this obvious teaching and more explicitly
discloses that bitstreams “are mapped onto the signal constellation by the
Mapper and Modulator.” LGE1005, 9. Several examples of such mappings
utilized in 16-QAM uniform and non-uniform constellations are described by

DVB-T, and one example of mapping symbols in a 16-QAM is illustrated below

LGE1004, FIG. 2A.
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in Figure 7a. LGE1005, 14-20.

B2, Bg 1. Bit A8y ;e
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LGE1005, Figure 7a.
[0128] For instance, in Figure 7a above, a bitstream is demultiplexed into 4
substreams for a 16-QAM constellation. LGE1005, 14. The mapper can then
select a hierarchical or non-hierarchical scheme to modulate the bits according

to the following example:

16-QAM non-hierarchical transmission: 16-QAM hierarchical transmission:
Xgmaps to by X{pmaps to by
X; maps to b, X'; maps to by
X, maps to b, X" maps to b, o
X5 maps to b X" maps to by

LGE1005, 15.
[0129] Although not shown, it would have been obvious to a POSITA that Eroz’s

transmitter also includes a mapper. In general, there are a few suitable design
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options for placing the mapper. In several known systems, such as the one in
DVB-T and Ulrich, a mapper can be implemented prior to performing
modulation so that mapped symbols can be modulated for transmission.
LGE1008, 245-246; LGE1005, 14-17. Accordingly, it would have been
obvious to a POSITA that Eroz’s LDPC encoded bits would have been input
into a mapper, such as DVB-T’s mapper, so that bits-to-symbol mapping may
be performed. The mapped symbols would have then been used by a modulator
to generate signals for transmission to a receiver over a communication channel.

LGE1004, 99[0034]-[0036], FIGS. 1-4;

[10c] a modulator, coupled to the mapper, capable of generating a signal for
transmission via the communication channel based upon symbols selected by the
mapper.

[0130] Eroz discloses that modulator 205 generates “signal waveforms that are
transmitted to a transmit antenna 207, which emits these waveforms over the
communication channel 103” (“modulator ... capable of generating a signal

for transmission via the communication channel”). LGE1004, 4[0036].
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LGE1004, FIG. 2A
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[0131] Asexplained in [10b], in EDC, the modulator 205 is coupled to a mapper

between the encoder 203 and the modulator 205, and the signals generated by

modulator 205 for transmission are based upon symbols selected by the mapper.

Claim 11

[11pre] A communication system, comprising:

[0132] See supra §§X.A.[1pre].

[11a] a receiver that receives signals via a communication channel having a
channel signal-to-noise ratio (SNR), wherein the receiver comprises:

[0133] See supra §§X.A.[1a].

[11b] a demodulator that demodulates a received signal into a demodulated signal;

[0134] See supra §§X.A.[1D].
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[11c] a demapper that determines likelihoods using the demodulated signal and a
multidimensional symbol constellation selected from a plurality of
multidimensional symbol constellations; and

[0135] See supra §§X.A.[1c].

[11d] a decoder that uses the likelihoods determined by the demapper to provide a
sequence of received bits based upon a low density parity check (LDPC) code;

[0136] See supra §§X.A.[1d].

[11e] wherein the demapper is interposed between the demodulator and the
decoder and the demapper receives information from the demodulator and
provides information to the decoder;

[0137] As explained above in [1b]-[1d] and shown in Eroz’s FIG. 3, EDC’s bit
metric generator 307 (demapper) is interposed between the demodulator 301
and the LDPC decoder 305, receives information from the demodulator 301 and

provides information to the LDPC decoder 305. LGE1004, 99[0058], [0061]-

[0063], [0076]-[0077].
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LGE1004, FIG. 3.

[11£f] wherein the plurality of multidimensional symbol constellations comprises a
plurality of different non-uniform multidimensional symbol constellations having
the same number of constellation points, where the constellation points are non-
uniformly spaced in each degree of freedom available to the multidimensional
symbol constellations;

[0138] See supra §§X.A.[le].

[11g] wherein the receiver selects an LDPC code rate and multidimensional
symbol constellation pair from a plurality of predetermined LDPC code rate and
multidimensional symbol constellation pairs, where each of the plurality of
different non-uniform multidimensional symbol constellations is only included in
one of the plurality of predetermined LDPC code rate and multidimensional
symbol constellation pairs.

[0139] See supra §§X.A.[1f].

Claim 18
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[18] The communication system of claim 11, wherein the demodulator uses a
demodulation scheme that is based on phase shift keying and the degrees of
freedom available to the multidimensional symbol constellations are amplitude and
phase.

[0140] See supra [8].

Claim 20

[20pre] The communication system of claim 11, further comprising a transmitter
that transmits signals via the communication channel, where the transmitter
comprises:

[0141] See supra [10pre].

[20a] a coder that receives bits and outputs encoded bits using the Low Density
Parity Check (LDPC) code;

[0142] See supra [10a].

[20b] a mapper that maps the encoded bits to symbols in the selected
multidimensional symbol constellation; and

[0143] See supra [10b].

[20c] a modulator that generates a signal for transmission via the communication
channel based upon symbols selected by the mapper;

[0144] See supra [10c].

[20d] wherein the mapper is interposed between the modulator and the coder and
the mapper receives information from the coder and provides information to the
modulator.

[0145] See supra [10d].
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Claim 21
[21pre] A communication system, comprising:

[0146] See supra §§X.A.[1pre].
[21a] a receiver that receives signals via a communication channel having a
channel signal-to-noise ratio (SNR), wherein the receiver uses a multidimensional
symbol constellation to transform the received signals into received bits and the

multidimensional symbol constellation is selected from a plurality of
multidimensional symbol constellations;

[0147] For the reasons noted above in [1a] and [1c], EDC renders obvious “a
receiver that receives signals via a communication channel having a channel
signal-to-noise ratio (SNR)” and “the multidimensional symbol constellation is
selected from a plurality of multidimensional symbol constellations,”
respectively, as recited in claim 21. LGE1004, §9[0030]-[0036], [0058] [0076]-

[0082], FIGS. 2A, 2B, 3, 10-11, 1 (reproduced below).

FIG. 1

100

10 103 105
B < ~—~
TRANSMITTER , CHANNEL RECEIVER

LGE1004, FIG. 1
[0148] Moreover, as explained above in [1a]-[1d], Eroz also discloses “wherein

the receiver uses a multidimensional symbol constellation to transform the
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received signals into received bits.” For instance, by using its demodulator 301,
demapper (bit metric generator 307), and decoder 305 (see Eroz’s FIG. 3 below,
which depicts a receiver), Eroz’s receiver “reconstruct[s] the original source
messages by generating messages, X'.” LGE1004, q9[0035], [0058]. The
messages would have been understood by a POSITA to be composed of the
received bits. Indeed, Eroz corroborates this understanding by teaching that the
LDPC decoder 305 “is considered a message passing decoder, whereby the
decoder 305 aims to find the values of bit nodes.” LGE1004, 99[0061]-[0063],

[0076]; see also FIGS. 10-11, §[0083]-[0107].

208 RECEIVER 300
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LGE1004, FIG. 3.
[0149] A POSITA would also have understood that EDC renders obvious

“wherein the receiver uses a multidimensional symbol constellation to
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transform the received signals into received bits” based on the teachings of
DVB-T and the understanding a POSITA would have had of how receivers and
transmitters in communication systems work. For instance, DVB-T discloses
that “bitstreams are mapped onto the signal constellation by the Mapper and
Modulator.” LGE1005, 9. In this manner, DVB-T’s transmitter, similar to
Eroz’s mapper, transforms bits to signals using a constellation. And recall that
Ulrich explains that operations performed on the transmitter/encoder side have
be reversed on the receiver/decoder side. LGE1008, 225. Accordingly, it would
have been obvious to a POSITA that in the EDC system in which bits are
transformed to signals using a constellation at the transmitter side, a receiver
would have performed the opposite and transformed the received signals to
received bits using a multidimensional symbol constellation. .

[21b] wherein the plurality of multidimensional symbol constellations comprises a

plurality of different non-uniform multidimensional symbol constellations having

the same number of constellation points, where the constellation points are non-

uniformly spaced in each degree of freedom available to the multidimensional
symbol constellations;

[0150] See supra §§X.A.[1e];.

[21c] wherein the receiver selects an LDPC code rate and multidimensional symbol
constellation pair from a plurality of predetermined LDPC code rate and
multidimensional symbol constellation pairs, where each of the plurality of
different non-uniform multidimensional symbol constellations is only included in
one of the plurality of predetermined LDPC code rate and multidimensional
symbol constellation pairs.
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[0151] See supra §§X.A.[1f].

Claim 28

[28] The communication system of claim 21, wherein the receiver uses a
demodulation scheme that is based on phase shift keying and the degrees of
freedom available to the multidimensional symbol constellations are amplitude and
phase.

[0152] See supra [8].

Claim 30

[30] The communication system of claim 21, further comprising a transmitter that
transmits signals via the communication channel, where the transmitter uses the
selected multidimensional symbol constellation to transform encoded bits into the
transmitted signals.

[0153] See supra [10pre]-[10c].

B. Ground 1B: Eroz and DVB-T and DeGaudenzi render claims 1, 6, 8, 10-
11, 16, 18, 20-21, 26, 28, and 30 obvious

Claim 1

[1pre]-[1e]
[0154] See supra §§X.A.[1pre]-[1e].

[1f] wherein the receiver is capable of selecting an LDPC code rate and
multidimensional symbol constellation pair from a plurality of predetermined

LDPC code rate and multidimensional symbol constellation pairs, where each of
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the plurality of different non-uniform multidimensional symbol constellations is
only included in one of the plurality of predetermined LDPC code rate and
multidimensional symbol constellation pairs.

[0155] The mapping of claim 1 other than [1f] under Grounds 1A and 1B is the
same. Although [1f] would have been obvious in view of the teachings of the
EDC system, to the extent the obviousness of such a feature is disputed by the
Patent Owner, EDC in combination with DeGaudenzi also renders [ 1f] obvious.

[0156] In particular, as described above in §IX.F, DeGaudenzi discloses
optimizing the spectral efficiency or SNR of non-uniform symbol constellations
by optimizing their parameters such as the location of the constellation points
and the code rates. LGE1014, 279. For example, as shown in DeGaudenzi’s
Table I, the spectral efficiency/SNR of a number of 32-ary APSKs has been
optimized. LGE1014, 271. Each 32-ary APSK in Table I has different p and
ps indicating that each of the listed constellations is a unique non-uniform

constellation. LGE1014, 268.
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16(4+12) Non-uniform
symbol constellations points

Table I. Optimized constellation parameters for 16- ary and 32-ary APSK.
| Modulation order Coding rate, r ! Spectral eff. (bps/Hz) ﬁ“—lpfpr-ﬁﬂpgpr

| [4+ 12-APSK 23 I 2.67 3.15 N/A

1 |4+ 12-APSK 34 | 3.00 2.85 N/A

~ : 1 |4+ 12-APSK 4/5 3.20 275 N/A

Constellation 1 |4+ 12-APsSK 56 : 33 2.70 N/A

and 1 | 4+ 12-APSK 8/9 | 3.56 2.60 N/A

. — | L4+12-APSK 9/10 3.60 2.57 N/A
predetermined " '

. 4+ 12+ 16-APSK 3/4 | 3.75 2.84 5.27

code rate pair 44124 16-APSK 4/5 I 4.00 272 4.87

P4+ 12+ 16-APSK 5/6 I 4.17 2.64 4.64

I 14412+ 16APSK 8/9 I 4.4 2.54 4.33

: 4412+ 16-APSK 9/10 I 4.50 2.53 4.30
gk o o o o e o e e e e e e e e -

32(4+12+16) Non-uniform
symbol constellations points

LGE1014, Table I

[0157] It would have been obvious to a POSITA that when the teachings of
DeGaudenzi (such as Table I) are incorporated into EDC’s system (for the
reasons I explained above in §IX.G), each of the plurality of different non-
uniform multidimensional symbol constellations would only be included in one
of the plurality of predetermined LDPC code rate and multidimensional symbol
constellation pairs in EDC’s system. For instance, there is only one 4+12+16
APSK constellation with p> =2.72 and p3 = 4.87 that is included in the list of
predetermined constellation-code rate pairs.

[0158] As I had explained above in §IX.F, DeGaudenzi’s teachings are broad,

are not limited to APSKs, and can be applied to LDPC encoded signals and
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QAM constellations. LGE1014, 262-264 (“[w]e propose new criteria for the
design of digital QAM constellations of 16 and 32 points”). Accordingly, in the
combination of EDC and DeGaudenzi, a table similar to DeGaudenzi’s Table I
but with optimized 16-QAM or 64-QAM constellations and corresponding
parameters (e.g., code rate, a, spectral efficiency) would have been provided.

Accordingly, EDC-De Gaudenzi renders [ 1{f] obvious.

Claim 6

[6] The communication system of claim 1, wherein each of the plurality of
different non-uniform multidimensional symbol constellations are characterized
by the assignment of labels and spacing of constellation points so as to maximize
parallel decoding capacity at a specific SNR subject to at least one constraint.

[0159] Eroz teaches that signals received by its receiver use Gray mapping,
which is a well-known method of coding in which two successive bit values
differ by only one bit LGE1004, 9[0058]. For example, Eroz teaches that
“[w]lhen Gray labeling is used, bit metrics are advantageously generated only
once before the LDPC decoder.” LGE1004, 4[0093]. It would have been
obvious to a POSITA that when Gray labeling is used, points in a constellation
would have been assigned labels based on the Gray mapping scheme (e.g.,
because successive points can only differ by one bit value).

[0160] It was also known in the art that Grey labeling can be used to maximize

99

103



parallel decoding capacity. LGE1006, 3 (“Gray labeling maximizes the
[parallel decoding] capacity’). Thus, it would have been obvious to a POSITA
that by assigning labels to points using Gray labeling, parallel decoding capacity
was maximized in Eroz.

[0161] Moreover, as described above in [1pre]-[1f], EDC teaches configuring
the constellations by using o, which impacts the uniformity and spacing of the
constellations. For example, as noted above in [ 1e], when 0=2, the constellation
in the EDC system would have been a non-uniform 16-QAM or 64-QAM. Such
QAMs would have been labeled based on the Gray labeling. Thus, EDC renders
obvious “each of the plurality of different non-uniform multidimensional
symbol constellations are characterized by the assignment of labels and spacing
of constellation points so as to maximize parallel decoding capacity.”

[0162] As described above in Sections IX.F-IX.G, DeGaudenzi also teaches
maximizing the parallel decoding capacity of constellations for a given spectral
efficiency/SNR. LGE1014, 246, 266. More specifically, DeGaudenzi discloses
that the locations and labels of non-uniform constellation points are assigned
using Gray labeling and optimized using DeGaudenzi’s optimization technique
to maximize parallel decoding capacity of the symbol constellation at a given

SNR. LGE1014, 263, 266-269 (§3.2.2), 279 , FIG.1., FIG. 7. For instance, as
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shown below in DeGaudenzi’s Table I, each listed constellation has been
optimized at a particular spectral efficiency Furthermore, DeGuadenzi Figure 5
shows the constellations (including their values of radii p) that maximize the
parallel capacity as a function of SNR.. and achieves a maximum parallel
decoding capacity. As part of the optimization, the spacing of points is
determined by the radii ratios (p2 and p3). It would have been obvious to a
POSITA, that in a non-uniform QAM constellation, the spacing of points would
have similarly been determined (though not necessarily through p values) to

optimize spectral efficiency/SNR and maximize parallel decoding capacity.

16(4+12) Non-uniform
symbol constellations points

Table I. Optimized constellation parameters for 16- ary and 32-ary APSK.
| Modulation order Coding rate, r ! Spectral eff. (bps/Hz) ﬁ“—lpfpr-ﬁﬂpgpr

| [4+ 12-APSK 23 I 2.67 3.15 N/A

1 |4+ 12-APSK 34 | 3.00 2.85 N/A

S : 1 |4+ 12-APSK 4/5 3.20 275 N/A

Constellation 1 |4+ 12-APsK 56 : 33 2.70 N/A

and 1 | 4+ 12-APSK 8/9 | 3.56 2.60 N/A

. — | L4+12-APSK 9/10 3.60 2.57 N/A
predetermined " '

. 4412+ 16-APSK 3/4 | 3.75 2.84 5.27

code rate pair Pl4412+16-APSK 4/5 [ 4.00 272 487

P4+ 12+ 16-APSK 5/6 I 4.17 2.64 4.64

I 14412+ 16APSK 8/9 I 4.44 2.54 4.33

: 4412+ 16-APSK 9/10 I 4.50 2.53 4.30
el LR E R T R T -

32(4+12+16) Non-uniform
symbol constellations points

LGE1014, Table I

[0163] In the EDC-DeGaudenzi system, a table similar to Table I would have
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been generated and would have listed each of the plurality of different non-
uniform multidimensional symbol constellations (e.g., non-uniform 16 QAM),
a corresponding coding rate, the specific spectral efficiency or SNR, and the
location of the points in the QAM. Gray labeling would have been used to
assign labels to each point. In this manner, the EDC-DeGaudenzi combination
would have rendered obvious the “plurality of different non-uniform
multidimensional symbol constellations are characterized by the assignment of
labels and spacing of constellation points so as to maximize parallel decoding
capacity at a specific SNR,” as recited in claim 6.

[0164] DeGaudenzi also teaches that its optimization method for maximizing
parallel decoding capacity is subject to at least one constraint. DeGaudenzi
utilizes multiple constraints (e.g., a given SNR, a given constellation size, a
number of rings, a number of constellations points in the each ring, mutual
information, conditional entropy, peak-to-average power ratio, and an
assumption of ‘“equiprobable symbols”) in implementing its optimization
method. LGE1014, 266 (Section 3.2.2 Mutual information maximization).
DeGaudenzi’s optimization method is also subject to an optimization constraint
on average power of the symbol constellation such that E[|x|?] = 1. LGE1014,

263-264. DeGaudenzi expressly states that “[fJurther work on mutual
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information for modulations with average and peak power constraints is

reported in Reference [8].” Id., 262.

[0165] For at least the foregoing reasons, the EDC-DeGaudenzi combination

renders [6] obvious.

Claim 16

[16] The communication system of claim 11, wherein each of the plurality of
different non-uniform multidimensional symbol constellations are characterized
by the assignment of labels and spacing of constellation points so as to maximize
parallel decoding capacity at a specific SNR subject to at least one constraint.

[0166] See supra [6].

Claim 26

[26] The communication system of claim 21, wherein each of the plurality of
different non-uniform multidimensional symbol constellations are characterized
by the assignment of labels and spacing of constellation points so as to maximize
parallel decoding capacity at a specific SNR subject to at least one constraint.

[0167] See supra [6].

Claims 8, 10-11, 18, 20-21, 28, and 30

[0168] Claims 8, 10-11, 18, 20-21, 28, and 30 are obvious under Ground 1B for
the same reasons noted above in Ground 1A (§§X.A) for these claims.

C. Ground 2A: EDC and Sommer render claims 4, 14, and 24 obvious

Claim 4
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[4] The communication system of claim 1, wherein each of the plurality of
different non-uniform multidimensional symbol constellations is capable of
providing a greater parallel decoding capacity at a specific SNR than a similar
multidimensional symbol constellation at the same SNR, where the similar
multidimensional symbol constellation differs only in that the constellation
points in the similar multidimensional symbol constellation are uniformly
spaced in each degree of freedom.

[0169] Sommer teaches that the parallel decoding capacity of a non-uniform
constellation is greater than a similar uniform constellation at the same SNR.
For example, Sommer compares the performance of “non-uniform signal set
constellation[s]” (e.g., NU-QAM or NU-ASK) with uniform constellations
(e.g., classical QAM and ASK), using BICM or parallel decoding (PD) capacity.
See LGE1006, 3 (“we use the term PD for BICM”). FIG. 3(b) shows the PD

capacity for 32-NU-ASK versus 32-ASK constellations. LGE1006, 2-4.

32-NU-ASK vs. 32-ASK
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LGE1006, FIG.3(b)

[0170] As shown above in FIG. 3(b), the parallel decoding capacity of the non-
uniform constellation (32-ASK / 1024-QAM) is greater than the parallel
decoding capacity of a similar uniform constellation at the same SNR. For
example, at a SNR of 20 dB, the non-uniform constellation has a greater parallel
decoding capacity than the uniform constellation. Relatedly, Sommer’s Table
3 also explains that the required SNR for non-uniform constellations is almost
0.5-1 dB less than the required SNR for uniform constellations, confirming that
non-uniform constellations can provide better SNR and parallel decoding
capacity performance compared to their uniform constellation counterparts. For
example, this table shows that for R = 0.5 (code rate = '%), with a 16-ASK signal,
which corresponds to a capacity of 2 bits/symbol, that the non-uniform
constellation (NU-ASK) improves on the uniform constellation (ASK) by 0.5
dB in SNR (13.25 dB — 12.75 dB). Equivalently, for specific SNR = 13.25 dB,

Cpp > 2 for the NU-ASK, which is larger than Cpp = 2 for the ASK.
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SNR. (dB) Css(NU-ASK) | Css(ASK)

16-ASK (256-&AM) 11.94 12.53

32-ASK (1024-QAM) 1 5.5 15.87

64-ASK_(4090-QAM | 18.10 19.10

Cpp(NU-ASK) | Cpp(ASK)

16-ASK (256-&AM) 12.75 13.25
32-ASK (1024-QAM) 15.96 LGl ¥

Table 3. Capacity at R = 0.5

LGE1006, Table 3
[0171] In view of the foregoing, it would have been obvious to a POSITA that in
the EDC-Sommer system in which constellations can be further optimized for
shaping gains consistent with Sommer’s teachings, “each of the plurality of
different non-uniform multidimensional symbol constellations is capable of
providing a greater parallel decoding capacity at a specific SNR than a similar
multidimensional symbol constellation at the same SNR, where the similar
multidimensional symbol constellation differs only in that the constellation

points in the similar multidimensional symbol constellation are uniformly

spaced in each degree of freedom.”
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Claim 14

[14] The communication system of claim 11, wherein each of the plurality of
different non-uniform multidimensional symbol constellations has a greater
parallel decoding capacity at a specific SNR than a similar multidimensional
symbol constellation at the same SNR, where the similar multidimensional symbol
constellation differs only in that the constellation points in the similar
multidimensional symbol constellation are uniformly spaced in each degree of
freedom.

[0172] See supra [4].

Claim 24

[24] The communication system of claim 21, wherein each of the plurality of
different non-uniform multidimensional symbol constellations has a greater
parallel decoding capacity at a specific SNR than a similar multidimensional
symbol constellation at the same SNR, where the similar multidimensional symbol
constellation differs only in that the constellation points in the similar
multidimensional symbol constellation are uniformly spaced in each degree of
freedom.

[0173] See supra [4].

D. Ground 3A: EDC and DVB-S2 render claims 7, 17, and 27 obvious

Claim 7

[7a] The communication system of claim 1, wherein: the receiver is capable of
measuring the quality of the communication channel;

[0174] DVB-T explains that data received by the receiver includes scattered pilot
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cells, continual pilot carriers, TPS carriers, and that these pilots can be used for
various purposes, including, channel estimation. LGE1005, 24. Similarly,
DVB-S2 states that when utilizing “ACM modes, the receiver shall signal the
reception quality via an available return channel...” LGE1009, 52. A POSITA
would have understood that channel estimation is one method of measuring the
quality of the communication channel, especially where the magnitude or
square-magnitude of the pilot or channel is indicative of the SNR (CNI) of the
channel. This understanding is corroborated by Ulrich, a textbook on Digital
Video Broadcasting, which explains that “the receiver will be able to perform a
nearly continuous analysis of the frequency and the temporal plane, which can
be used for the evaluation of the current channel condition (‘channel
estimation’)” using pilots. ; LGE1008, 253, 255-256, 265. For example, Ulrich
explains that various estimation techniques can be used to measure “the channel
frequency response for attenuation and phase ... on the basis of the continual

pilots and on the scattered pilots.” Id.
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Fig. 11.6. Block diagram of signal processing at the receiving end

LGE1008, 255.
[7b] the receiver is capable of selecting an LDPC code rate and multidimensional
symbol constellation pair from a plurality of predetermined LDPC code rate and

multidimensional symbol constellation pairs based at least in part on a quality
measurement,

[0175] DVB-T explain that TPS signaling information is used by the receiver to
configure itself to receive data from the transmitter. LGE1008, 254, LGE1005,
29-31. For instance, the receiver uses bits s2s5-s32 to select a modulation type, o
value, and code rate. LGE1005, 29-32. As noted above in [7a], the receiver

also performs channel estimation to determine channel frequency response for

attenuation and phase. LGE1008, 253, 255-256, 265. DVB-S2 teaches the use
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of Variable Coding Rate (VCM) and a return channel (as shown in DVB-S2’s
Figure H.8 below) to create Adaptive Coding and Modulation (ACM). Id., 6.
The ACM method utilizes the received signal quality to affect the coding and

modulation scheme of the channel. /d., 69.
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LGE1009, 69 (Figure H.8).

[0176] “In ACM modes, the receiver shall signal the reception quality via an
available return channel.” LGE1009, 52. “The receiver shall evaluate quality-
of-reception parameters, in particular carrier to noise plus interference ratio in
dB available at the receiver.” LGE1009, 53. “CNI and other optional reception
quality parameters (such as for example the BER on the channel”) can be

evaluated. “A possible method to evaluate CNI is by using symbols known a-
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priori at the receiver, such as those in the SOF field of the PLFRAME Headers
and, when available, pilot symbols.” Id. The receiver then selects MODCOD
information and sends the MODCOD information (in a request message
MODCOD_RQ) along with the CNI through an ACM command to a transmitter
(gateway). LGE1009, 53, 48. The MODCOD information includes 5 bits set
according to Table 12 (reproduced below) that “identify[ ] code rates in the set
nc=[1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 4/5, 5/6, 8/9, 9/10] and modulations in the
set of spectrum efficiencies nmon= [2, 3, 4, 5].” 1d., 29.

Table 12: MODCOD coding

Mode MOD Mode MOD Mode MOD Mode MOD
CcOoD CcoD CcOoD COoD

QPSK 1/4 15 |QPSK5/6 9 8PSK 9/10 17, |32APSK 4/5 25q
QPSK 1/3 2, |QPSK&8/M9 10, 16APSK 2/3 18, |32APSK 5/6 26,
QPSK 2/5 3p |QPSK 810 11p 16APSK 3/4 19, |32APSK 8/9 27p
QPSK 1/2 4, |BPSK3/5 125 16APSK 4/5 20 |32APSK 9/10 28p
QPSK 3/5 5y [BPSK2/3 13 16APSK 5/6 215  |Reserved 29,
QPSK 2/3 6, |8PSK3/4 14, 16APSK 8/9 22, |Reserved 30,
QPSK 3/4 7y |BPSK5/6 155 16APSK 9/10 23, |Reserved 31p

QPSK 4/5 8, |[BPSK&/9 165 32APSK 3/4 24, |DUMMY 0p

PLFRAME
LGE1009, 29.

[0177] It would have been obvious to a POSITA that to signal MODCOD
information to the transmitter, the receiver would have to select a constellation
and code rate pair first. Such a selection would, in part, be based on a quality

measurement such as the CNI. For example, the DVB-T standard specifies bit-
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error rates as a function of the modulation and coding and the CNI. LGE1005,
39.  Accordingly, in the EDC-DVB-S2 combination, it would have been
obvious to a POSITA that the receiver is capable of selecting parameters, such
as the constellation and LDPC code rate pair based at least in part on the CNI
and related channel estimation measurements (“at least in part on a quality
measurement”).

[0178] In addition to the above, the receiver in the EDC-DVB-S2 system may
also perform a selection of an LDPC code rate and multidimensional symbol
constellation pair from a plurality of predetermined LDPC code rate and
multidimensional symbol constellation pairs based on the TPS signaling
information, as explained above in Sections IX.B, IX.C, [Ic], and [If].

LGEI1005, 29-32, 40.

[7¢] the receiver is capable of sending a request to a remote transmitter to use a
selected LDPC code rate and multidimensional symbol constellation pair.

[0179] DVB-S2 teaches that “the receiver shall signal the reception quality via
an available return channel, according to the various DVB interactive systems.”
LGE1009, 52. As explained above, DVB-S2 teaches that “[t]he receiver shall
evaluate quality-of-reception parameters, in particular carrier to noise plus

interference ratio in dB available at the receiver, indicated as CNI,” and that
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MODCOD and other parameter information would be sent to a transmitter
(gateway device). LGE1009, 53; See supra [7b]. “As a minimum, the CNI and
MODCOD_RQ parameters shall be sent to the satellite network operator
Gateway every time the protection on the DVB-S2 channel has to be changed.
When no modification of the protection level is requested, the optional message
from the terminal to the Gateway shall indicate MODCOD RQ = actual
MODCOD and pilot configuration of the frames received by the terminal.” /d.;
see also LGE1009, 67, 69. “[T]he gateway may acknowledge the reception of
the message and the execution of the command by a message containing the new
adopted MODCOD, coded according to table 12” (reproduced above).
LGE1009, 53.

[0180] Accordingly, it would have been obvious to a POSITA that EDC-DVB-
S2’s receiver is capable of determining the quality of the received signal,
determining a level of protection desired (modulation and code rate), and
sending a request (MODCOD RQ) to a remote transmitter to use a selected

LDP code rate and multidimensional constellation pair. LGE1009, 48, 66-69.

Claim 17

[17a] The communication system of claim 11, wherein: the receiver measures the
quality of the communication channel;
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[0181] See supra [7a].

[17b] the receiver selects an LDPC code rate and multidimensional symbol
constellation pair from a plurality of predetermined LDPC code rate and
multidimensional symbol constellation pairs based at least in part on a quality
measurement,

[0182] See supra [7b].

[17¢] the receiver sends a request to a remote transmitter to use a selected LDPC
code rate and multidimensional symbol constellation pair.

[0183] See supra [7c].

Claim 27

[27a] The communication system of claim 21, wherein:
the receiver measures the quality of the communication channel;

[0184] See supra [7a].

[27b] the receiver selects an LDPC code rate and multidimensional symbol
constellation pair from a plurality of predetermined LDPC code rate and
multidimensional symbol constellation pairs based at least in part on a quality
measurement; and

[0185] See supra [7b].

[27¢] the receiver sends a request to a remote transmitter to use a selected LDPC
code rate and multidimensional symbol constellation pair.

[0186] See supra [7c].
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E. Ground 4A: EDC and DVB-TS, render claims 9, 19, and 29 obvious
Claim 9

[9] The communication system of claim 1, wherein the receiver is capable of
substituting the plurality of multidimensional symbol constellations by an upgrade
to at least one of the receiver software and firmware.

[0187] DVB-TS discloses that “[r]eceiver software is increasingly complex. In
order to guarantee the functionality of a receiver as well as increasing its
functionality once deployed in the field a software update service is required.
The present document specifies a standard mechanism for signalling a software
update service and the means to carry the data for such a software update
service.” LGE1013, 7.

[0188] A POSITA would have understood that to keep the receiver software
updated and continue to “increase[e] its functionality” (see LGE1013, 7),
various aspects of the receiver software would have been continuously or
periodically updated. A POSITA would have been understood that with the
progression of technology over time, higher modulation rates, bit rates, code
rates, and different constellation types would be introduced or used in the
network to increase the receiver’s functionality and keep it updated. In addition,
changes in network configuration, devices, and environment may also require

different constellations to be used. Thus, a POSITA interested in increasing the
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functionality and use of the receiver in EDC’s communication system would
have incorporated the teachings of DVB-TS to allow the receiver to update
software over time to remain consistent with current technology and operating
conditions.

[0189] It would also have been obvious to a POSITA that a receiver’s software
includes various programs and files including programs and files used to
configure the constellations that the receiver is capable of receiving and
processing. Accordingly, it would have been obvious to a POSITA that that an
update to software in a receiver would have also included an update of the
constellations used by the receiver. For example, as previously-used
constellations (“the plurality of multidimensional symbol constellations™) are
no longer used, such constellations would have been substituted by other, newer,
or more suitable constellations “by an upgrade to at least one of the receiver
software and firmware.” Again as Ulrich states: “NIMs from various
manufactures can be interchanged. The control software needs to be adapted,
which usually is rather simply done...” Id., 267 Because of this, a POSITA
would have found it obvious to utilize the teachings of DVB-TS in combination
with EDC to achieve this outcome.

[0190] Although it is well known that software can be used to configure and
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design constellations, to the extent such knowledge in the art is challenged as
known by the Patent Owner, Robins, a published conference paper, explicitly
discloses that constellations can be configured and designed through software.
LGE1016, 1. Robins explains that “the actual code that simulates signal
constellations is rather trivial.” LGE1016, 1.

[0191] According to Robins, “[s]ignal constellation design is a major part of
constructing an efficient communication system. This task essentially entail
trading off error frequency against information throughput...” LGE1016, 1. In
particular, Robins “signal constellation design tool” can be used to design
constellations of various shapes and sizes. Id., 5. Robins discloses “an
interactive [software] tool for designing and simulating arbitrary signal
constellations.” Id., 1. Robins explains that constellations can be designed to
address concerns about the “...effects of noise and other kind of interference on
the system... .” Id., 2. As noted above, Robins explains that “the actual code
that simulates signal constellations is rather trivial.” [Id, 1. The figures
represented below depict portions of Robins’ user interface used to design

constellations.
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[0192] As shown by Robins’ figures, software can be used to control the type of
constellation, the number of points, and various other design aspects of
constellations. Robins discloses that constellation design changes are made by
software. And because constellation design would have been an obvious part
of a receiver’s software, the combination of EDC and DVB-TS (and its
teachings of software updates in receivers) would have rendered obvious a
receiver that is capable of substituting the plurality of multidimensional symbol
constellations by an upgrade to at least one of the receiver software and

firmware.

Claim 19

[19] The communication system of claim 11, wherein the receiver can substitute
the plurality of multidimensional symbol constellations by an upgrade to at least
one of the receiver software and firmware.

[0193] See supra [9].

Claim 29

[29] The communication system of claim 21, wherein the receiver can substitute
the plurality of multidimensional symbol constellations by an upgrade to at least
one of the receiver software and firmware.

[0194] See supra [9].
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F. Grounds 2B-4B
[0195] Grounds 2B-4B render claims [4], [7], [9], [14], [17], [19], [24], [27], and

[29] obvious for the same reasons noted under Grounds 2A-4A (§§X.C-X.E).
In particular, Grounds 2B-4B address dependent claims that depend from the
independent claims that have been mapped to the prior art references under
Grounds 1A and 1B. Relative to Ground 1A, Ground 1B additionally addresses
claims 6, 16, and 26, and also relies on DeGaudenzi to map to feature [1f], [11g],
and [21c]. And because the claims addressed under Grounds 2A-4B include
claims depending from the independent claims challenged in Grounds 1A and
1B, Grounds 2B-4B are similar to Grounds 2A-4A but additionally include

DeGaudenzi as part of the asserted combination.

XI. CONCLUSION

[0196] All the Challenged Claims are obvious in view of the above-noted
grounds and references.

[0197] I declare that all statements made herein of my knowledge are true, and
that all statements made on information and belief are believed to be true. 1
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 Title 18 of the United States Code.
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1999.

. Marzetta and B. Hochwald, “Capacity of a mobile multiple-antenna communication link in Rayleigh
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vol. 53, pp. 537-544, March 2005. Winner of the 2006 IEEE Transactions on Communications
Stephen O. Rice Best Paper Award.

. Ashikhmin, A. van Wijngaarden, Z. Haibo, B. Hochwald, T. Marzetta, V. Purohit, C. Qinghong, P.
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