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STI PULATI ON

| T IS STI PULATED AND AGREED, by and
between the parties, through their respective
counsel, that the deposition of G USEPPE CAl RE
PH. D. may be taken before Laura H. Nichols,
Comm ssi oner, Certified Realtine Reporter,
Regi st ered Professional Reporter and Notary Public;

That it shall not be necessary for
any objections to be nade by counsel to any
guestions, except as to formor |eading questions,
and that counsel for the parties my nmake
obj ections and assign grounds at the tinme of trial,
or at the tinme said deposition is offered in

evi dence, or prior thereto.
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|, Laura H. N chols, a Certified
Real ti me Reporter and Regi stered Professional
Reporter of Birm ngham Al abama, and a Notary
Public for the State of Al abama at Large, acting as
Comm ssi oner, certify that on this date, as
provi ded by 37 CFR 8§ 42.53, the Federal Rul es of
Civil Procedure of the United States District
Court, and the foregoing stipulation of counsel,
there cane before nme renotely via Zoom on March
19, 2024, commencing at 10:03 a.m EDT, G USEPPE
CAIRE, PH. D., witness in the above cause, for oral
exam nati on, whereupon the foll owi ng proceedi ngs

wer e had:

Gl USEPPE CAI RE, PH. D.
havi ng been first duly sworn, was exam ned and

testified as foll ows:

EXAM NATI ON BY MR. KHAN:
Q Dr. Caire, thank you very nuch for
maki ng yourself available today for this
deposi tion.
Il will try to take breaks in between,
maybe every hour or so. But should you feel the

need to take a break, please just |let nme know a few
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m nutes ahead of time so that | can wwap up ny line
of questioning; is that okay with you?

A. Sur e.

Q Great. And during any of the breaks
t oday, do you understand that you are not all owed
to di scuss the substance of your deposition

testinony until your cross exam nation is

conpl et ed?
A | under st and.
Q And will you agree to let ne know if

at any poi nt anyone communi cates with you in any
manner during the course of the deposition today?

A Yes.

(Exhi bit 2012, having been previously
mar ked for identification, was
presented in this deposition.)

Q (BY MR. KHAN:) Thank you. For the
pur poses of our conversation today, is it okay if |
refer to Exhibit 2025 as your second decl aration?

(Exhi bit 2025, having been previously
mar ked for identification, was
referenced in this deposition.)

A That is fine. 2025.

Q (BY MR KHAN:) And do you have a

copy of that exhibit with you, a clean copy?

Veritext Lega Solutions
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A. Yes, | have. It is here in front of

Q Do you understand that one of the
reasons for today's deposition is for the
petitioner in this |IPR proceeding to get additional
clarity regardi ng your statenments in your second
decl arati on?

A. | under st and.

Q Do you understand that your testinony
today is sworn testinony, taken under oath?

A | under st and.

Q Do you understand that the oath you
have taken today is as solem as the oath you would
take as if you were testifying at a trial in court?

A | do.

Q And do you understand that your
deposition testinony can be used in a subsequent
brief in the proceedings or at trial?

MR. DI XON: Cbj ection, form

A. | do.

Q (BY MR. KHAN:) Are you taking any
medi cations that would prevent you from answeri ng
t he questions conpletely and truthfully, to the
best of your ability?

A. No.

Veritext Lega Solutions
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Q Is there anything else that would
prevent you from answering the questions conpletely
and truthfully, to the best of your ability?

A. No.

Q Do you understand that you are being
deposed today for statements made in your second
decl aration that was submtted in support of
Constellation's patent owner's reply in

| PR2023- 0031, which relates to U. S. Patent Nunber

10, 693, 7007
A Yes. | understand.
Q For purposes of brevity, | wll refer

to the PR as the 319 proceedi ngs and the Patent
10,693,700 as the '700 Patent; is that okay?
A. It 1 s okay.
(Exhi bit 2001, havi ng been previously
mar ked for identification, was
referenced in this deposition.)
Q (BY MR KHAN:) The two decl arations
t hat you submtted in these proceedings, did you
wite them yoursel f?
A. Yes, | wote nyself with the hel p of
the law firm
Q Now, other than the attorneys you

were working with, was there any other individual

Veritext Lega Solutions
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i nvolved in witing or preparing your declaration?
A No.
Q. And how | ong woul d you say,

approximately, did it take for you to work on

these -- on your second decl aration?
A. Approximately -- | don't renenber
exactly the nunber of hours that | billed for this

wor k, but approximately eight, ten hours.

Q Okay.

A. This includes of course, also, the
readi ng of the docunents, reading of the other
declarations; it is not just witing the
decl aration itself.

Q Have you been deposed before in any
ot her case?

A No.

Q Did you review your first and second
declaration in this IPR in preparation of this
deposition?

A Yes, | did.

Q I n those decl arations, you nentioned
a nunmber of docunents that you have reviewed in
form ng your opinions. Did you also review those
docunment s?

A. Some of them

Veritext Lega Solutions
215-241-1000 ~ 610-434-8588 ~ 302-571-0510 ~ 202-803-8830

11




© 00 N oo o b~ wWw N P

NCRE SR SR R N T o e e e i o
a A W N P O © 00 N OO 00~ W N ., O

Page 12

Q Did you review the Board's
I nstitution decision?

A No.

Q Did you review the Provisiona
Application 60933319, also referred to as Exhibit
10107

(Exhi bit 1010, havi ng been previously
mar ked for identification, was

referenced in this deposition.)

A. Can you pl ease repeat which exhibit?

Q (BY MR KHAN:) Yes, it is Exhibit
1010, 1010.

A. Not recently.

Q Did you review it while preparing

your second decl arati on?
A. No. | reviewed it when | prepared ny
first declaration.
Q And did you review U. S. Patent Nunber
7978777, which is Exhibit 10157
(Exhi bit 1015, havi ng been previously
mar ked for identification, was
referenced in this deposition.)
A. Ckay. | reviewed this -- this patent
at the time of the first declaration, and |I only

reviewed the Patent '700 at the tine of the second
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decl arati on.

Q (BY MR KHAN:) Sorry, just to be
clear, you reviewed Exhibit 1015, the '777 Patent,
at the time of preparing your first and your second

decl aration; is that right?

A. No, it is not correct. At the tinme
of the second declaration, | reviewed only the ' 700
Pat ent .

Q Okay. Thank you. |Is this your first

case in which you have served as an expert?

A No.

Q Do you have a |list of cases in which
you have served as a patent expert?

A. | don't.

Q Wul d you be able to give ne an
approxi mate of how many cases you have worked on as
an expert, how many patent cases you have worked on

as an expert?

A. Yes, | can provide, it is very
sinple -- two, two other cases in the past.

Q And what technol ogi es were those
cases in?

A. W rel ess conmuni cati on technol ogy.

Q Were they also related to
Constellation -- I'"msorry. Scratch that.

Veritext Lega Solutions
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Were those cases also Constellation
cases?

A. No, they were not.

Q If we were to request a list of cases
you wor ked on, and assum ng Constellation's counsel
has no objections to that, would you be able to
provide that list in the future?

A For one case, yes. Another case, no.

Q Okay. And is that for

confidentiality reasons?

A Yes.
Q Okay.
(O f-the-record di scussion.)
A. Excuse me, how do you see Exhibit
Shar e?
THE REPORTER: Off the record?
MR. KHAN: Yeah, can we get off the
record?

(OFf-the-record di scussion.)
MR. KHAN: Okay. We can go back on
record, Dr. Caire, if you are ready.
A. Yes, | am ready.
Q (BY MR KHAN:) Dr. Caire, do you
stand by all the statenents you made in both your

first and second decl arations?

Veritext Lega Solutions
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A. Yes, | stand by the statenents.

Q Do you still believe that the
chal | enged clainms are not anticipated or rendered
obvi ous by the references presented in the
petition?

A. Can you clarify? | don't understand
t he questi on.

Q So the question is: Do you believe
that the challenged clains in these | PR proceedi ngs
are not anticipated or obvious, based on the
references that were cited in the petition?

A. Excuse ne. Are you referring to the
chal l enged claimin the first declaration, the

chal l enged claimin the second decl aration?

Q Ch, we can just talk about Clains 5,
Claim5, if you would like, or clainms -- yeah.
A. Yes. Yes, | still believe they are

not anticipated by those references.
Q VWhat is your understanding of when a

claimis anticipated?

A. | don't fully understand the
guestion. | just said that the claimis not
antici pated, so -- what do you nean by where it is

anti ci pated?

Q Well, like you said, you said the

Veritext Lega Solutions
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claimis not anticipated. So ny question is: Wat
does it nean for a claimto be anticipated?

A. Is it a general question, what does
It mean when a claimis not anticipated, is it an
abstract question or it is a specific question for
this claimand these references?

Q It is a general question: What does
It mean for a claimto be anticipated?

A Well, as far as | understand, a claim
Is anticipated when a so-called POSI TA can easily

deduct the claimfroma reference that woul d stand

before the patent or something like that. | don't
have a |l egal -- legal expertise here. | am an
academ c.

So in ny view, | can assess the

novelty of a contribution at a scientific level. |
cannot assess the novelty of a contribution in the

| egal sense. But this is my understanding,

basi cal | y.
Q And in your answer, you nentioned
that a POSI TA can easily deduct -- deduct a claim

froma reference. What do you nean by "easily
deduct a claimfroma reference"?
A. So easily deduct in the sense that,

today, what is described in the claimis

Veritext Lega Solutions
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essentially already in sone paper sonewhere el se,
and after m nor changes, a person skilled in the
art will derive to the sane thing.

Q So if a person of skill in the art
woul d have understood fromthe description in a
docunent that the claimfeatures are disclosed,
then that document anticipates the clains; is that
correct?

A | think that one has to be a bit nore
specific than that because one has to establish
basically the di stance between one -- say a
scientific docunment describing sone ideas and the
preci se content of a patent.

So that is, | guess, it is alittle

bit what we are discussing here, is whether --

Q. Can we --
A. VWhat ?
Q Sorry. Go ahead. | didn't want to

I nterrupt you. Sorry. Were you finished with your

answer ?
A. Yeah.
Okay. Sorry.
A So the answer -- the answer is

finished. Again, we are tal king about something in

t he abstract. In the abstract, it is difficult to

Veritext Lega Solutions
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say, because how can you draw a line in the
abstract, right? One has to be specific, and then
we can -- we can discuss sonething specific. But
in the abstract, how you say that this is easy,
this is difficult or this is not anticipated is a
little bit up in the air.

Q I n your answer, you said one has to
establish the distance between the docunent and the
contents of the patent.

A. Ri ght .

Q At what point -- what is that -- what
does that distance have to be for sonething to be

-- for that scientific docunent to anticipate the

pat ent ?
MR. DI XON: Objection. Sorry.
Q (BY MR. KHAN:) Is it --
A Again, | don't think that there is an
absolute netric. It depends on the context. |If

you are tal king about that scientific publication
and say is this newwth respect to that? Well,
this is up to the reviewers and the editor to
decide if the idea -- if there's enough novelty,
enough contribution for publishing. Because a
patent is up to the patent office probably or court

to establish that. Again, there is no absol ute

Veritext Lega Solutions
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semantic netric that can establish this distance.

Q So if the patent office thought
sonething was really obvious in view of a
particul ar reference, they would find that
reference anticipates the patent; is that right?

A. To the best of ny know edge, this is
how patent offices work. They go through -- cite a
| ot of references, prior art, and they establish if
sonet hi ng has sufficient novelty to be granted as a
patent or not. And many tines they deny because
there i s not enough novelty. And so normally this

is the job. You would trust the patent office with

this job.
Q Do you have patents of your own?
A Yes.
Q How many?
A Twenty-eight, twenty-four. | don't

have a precise nmenory of that.
Q Have you been involved in the
exam nati on process of those patents?
A. On the side of the inventor, yes.
Q Did you provide | egal argunents or --
' msorry. Scratch that.
Did you provide technical argunents

or |legal argunents in support of the patents you

Veritext Lega Solutions
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applied for?
MR. DI XON: Objection, form

A. Can | answer? So working with the
patent |awyers that filed the patent, of course,
there was a review process and a back and forth
bet ween the patent office and the |aw firm who
filed the patent. And | provided technical
argunents to respond to the objections of the
patent office. And this may go through sever al
rounds.

Q. (BY MR KHAN:) So it is fair to say
that issues |ike obviousness or anticipation are
things that you have had to deal with for your own
patent applications?

A Yeah.

MR. DI XON: Objection, form

A. It happened that the patent office
found that one invention was included in sonething
else. And we had to comment on the novelty and the
differences with respect to sone published papers
and the invention and eventually the patent was
granted. So this is as far as | can understand
about, you know, the concept of the novelty and
anticipation, based on experience, not on | egal

argunments, because | am not a | awyer.

Veritext Lega Solutions
215-241-1000 ~ 610-434-8588 ~ 302-571-0510 ~ 202-803-8830

20




© 00 N oo o b~ wWw N P

NCRE SR SR R N T o e e e i o
a A W N P O © 00 N OO 00~ W N ., O

Page 21

Q (BY MR. KHAN:) Who determ nes what

I's obvious in a patent?

A. VWho?
Q Yes.
A. Wel |, again, on the side of an
i nventor, | guess an inventor believes that his

I nvention is new and nonobvious. The patent office
may conme back with coments and say oh, this
reference, this reference, this reference make your
I nvention obvious. This claimcannot be taken and
so on and so forth. And then the inventor my
argue ot herw se.

And then at the end, if the patent
office is convinced, the patent is granted. Maybe
sone clainms are scrapped fromthe patent because
t hey are not accepted, and at the end, whatever is
witten there is witten there. That is ny
under st andi ng of the process.

Q So when obtaining a patent, it is the
I nventor and the patent office that determ ne when
a claimis obvious; is that right?

A. | would say so, until there is a
| awsuit and sonebody el se has a different opinion,
and a court overrules and says no, this is -- you

know -- so -- but until the patent is not

Veritext Lega Solutions
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chall enged, | guess that is it. This is a matter
of the inventor and the patent office.

Q So when a patent is challenged, I|ike
the ' 700 Patent has been chal |l enged, who determ nes
what is obvious?

A. Utimately or in the process?
Because it is clear that there are divergent

opi nions here, so there are different experts with

di vergent opinions and eventually a court wll make
a decision; | don't know.
Q s there a standard for determ ning

obvi ousness of the '700 Patent?

A | don't know.

Q I n your declaration, you nention a
POSI TA.  \What does POSI TA stand for?

A. Now | do not renenber exactly the
acronym but the -- according to ny know edge, this
means an individual skilled in the art or sonething
| i ke that.

Q And who is one of skilled in the art
in the context of the '700 Patent?

A. Well, one skilled in the art in this
context is a telecommunication engi neer with
experience in digital nodul ati on systens and

channel codi ng and physical |ayer. Physical |ayer
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meani ng the layer interface of a conmunication

system a wireless communication system mainly.

Q And how nuch experience does this
person of ordinary skill in the art have to have?
A. Okay. | would say probably a person

with a Ph.D. in electrical engineering, specialized
with a thesis done in these topics, and possibly
sone years of work after Ph.D. in these topics.
These are fairly advanced topics that are not
taught in undergraduate or even nmaster-| evel
courses. So it requires courses -- advanced
courses in digital communication plus direct

experi ence, research experience.

Nor mal students, in my experience,
cannot read and understand papers |like the ones
that are in the exhibits. Sinply -- I'mnot aware
of any program where a student after a course would
just read this paper and understand, to the point
of actually inplenmenting or designing a system

Q You nmentioned that this person of
skill in the art would al so have sone years of work
experience after their Ph.D.

How many years of work experience
woul d this person have?

A. That is really hard to say. It
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depends on what type of work experience. It could
be if the Ph.D. is precisely on these topics, |ike,
for exanple, the person fromthe University of
Politecnica de Catalunya, it is clear that this
person knows everything. |f sonmebody who had a
Ph.D. in digital comruni cations and information

t heory, knows what capacity is, what the Gaussi an
channel is, but has never worked in coded system
and a physical layer, this probably requires one or
two years' experience. It depends. It could be
zero years of experience if the Ph.D. is on these
topics, precisely on these topics. But how many
peopl e have -- a handful, no nore, probably.

Q Does this person of skill in the art,
in the context of the ' 700 Patent, have to have a
certain nunber of paper publications or conference
publ i cations?

A. Does not have, is not a requirenent,
of course. |If a person has the type of background
| just described, so a Ph.D. in the area, is nost
likely. In alnpost any Ph.D. program | am aware of,
requirenents to defend a thesis is to have al so
publications on the thesis topic. So it is
presumabl e that a person of this kind would have

papers on the topic, yes.
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Q And when you are determ ning what is
obvi ous or not obvious in the context of the '700
Patent, what tinme frame do you | ook at in making
t hat determ nation of obviousness?

A. In the sense of prior art?

Q Yeah, so for exanmple, if | am |l ooking
at the '700 Patent to determ ne what is obvious to
a person of ordinary skill in the art, can | |ook
at the date that the patent issues and determ ne

t he obvi ousness as of that date?

A. So when | considered this question on
obvi ousness, | | ooked at the papers that were
mentioned in -- so the -- how do you call this, the

exhibits, right? Several papers were nentioned. A
few papers were considered during ny first -- to
prepare ny first declaration. O her papers were
menti oned and were considered to prepare the second
decl arati on.

So the tinme franme referred to those
papers, right? Yeah, so basically spans the years
of these papers. | don't renenber exactly the
years of the various publications but.

Q But is there a particular date that
you can start? | nmean, for exanple, can we go back

to the year 1800 to determ ne obviousness of this

Veritext Lega Solutions
215-241-1000 ~ 610-434-8588 ~ 302-571-0510 ~ 202-803-8830

25




© 00 N o o b~ W N

N T T N T e e
a A W N P O © 0O N O 0o~ W N+, O

Page 26

t echnol ogy?

A. Of course not. Clearly, the patent
refers explicitly to the so-called BICM capacity
al so known as part of the coding capacity. This
concept was introduced in one of ny papers, so
19 -- | don't renmenber, 1993, '92, sonething |ike
that. This paper is very highly cited and this
met hodol ogy of the BI CM has been adopted in a
vari ety of communication systens. |In this paper,
we have introduced this nmetric for the goodness of
constellations and the binary | abeling of
constel |l ati ons.

The patent clearly uses this netric
to conpare different constellations in terns of
gain and capacity, SNR, at which certain capacities
are achieved. So | would say the tinme frane should
go fromthat sem nal paper to -- to the tine of the
first sunmmati on of these ideas, because in ny
under standi ng, this patent was granted in 2020, but
it is a long process of -- of patenting that
started nuch, nuch before. Sonething |ike 2008,
maybe. So | think the right frame to consider
this -- this nonobviousness is between the first
paper on BICM and 2008, so the first subm ssion of

the prelimnary patent idea. Anything that came
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| ater, well, there were already papers, even from

t he author of the patent, there were already papers
out, so once the paper is out, anybody can pick

up --

(OFf-the-record di scussion.)

A. Yes, once a paper is out in the open
literature, any other author can, of course,
reference to this paper or even not reference to
this paper sonetinmes and pick up sone ideas, do
sonme i nprovenents and then publish -- try to
publ i sh sonme other papers, if the reviewers and the
editor of a journal or the technical program
commttee of a conference decide that the follow up
papers are novel enough -- and that is, again, a
rather arbitrary process, based on experience --
then the paper wll be published.

And if the authors are honest and
they reference prior art, if the reviewer may force
the author to reference prior art, sonetines it
happens that a paper has clearly picked up sone
i deas that were published before and w t hout
reference, they just do sonething else, do sone
| nprovenents and the paper is published.
Unfortunately the process of academ c review and

acceptance of journals and conference papers is not
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infallible, so this may happen.

But nevertheless, in the area, in the
scientific comunity, people normally keep track of
the history of ideas and can say okay, this was
proposed there and this my be the sane idea
reemerged there, etcetera, etcetera, so this is how
It works in academ a.

Q So in your answer, you nentioned that
a person of ordinary skill in the art who would be
considering the question of the obviousness of the
claims in the '700 Patent would consider the tine
period between your sem nal paper in 1993 to around
the time of 2008.

VWhy did you choose your seni nal paper
as a starting date?

A. Because before that, the concept of
paral |l el decodi ng capacity and Bl CM was not even
i nvent ed so anybody who woul d have conme up with a
simlar idea before us -- well, they would have
anticipated us and now it would reference sonebody
el se and not ny paper, so that is pretty obvious.

Q Do you know how many times your paper
was cited?

A. About three thousand five hundred

times, nore or less. It is still nmy nost
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ref erenced paper.

Q So do you believe yourself to be the
creator of BICwW?

A. Well, the idea came up in a previous

paper by Zehavi, under the nanme of "pragmatic coded

nmodul ation."” |In fact, we reference this Zehavi
paper in our case, in our paper. But this was
restricted to 8PSK -- it is a nodulation format, it

Is a constellation with eight points equally spaced
on a circle, it is called 8PSK, phased shift
keyi ng.

And in that paper by Zehavi, there
was no notion of the capacity of this scheme. It
only proposed this as a | aw conplexity version of
Unger boeck coded nodul ati on which was the dom nant
approach to construct the signal space codes at the
time. Ungerboeck -- CGottfried Ungerboeck proposed
this coded nodul ati on approach in 1982, and for
about ten years, this scheme, so-called the trellis
coded nodul ati on and TCM were the dom nant way of
contracting codes for the physical layer. And then
i n our papers, we considered his idea of including
a bit interleaving between a binary code and a
constellation and differently from Zehavi, we al so

consi dered the optimal way of producing soft matrix
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for the bits -- so-called demapper, so the optinma
way of producing the demapping. And also we
provided a fornmula for the capacity of the

equi val ent channel fromthe binary input before the
i nterl eaver to the soft output after the
deinterleaver. And this is what is referred to in
the patent as part of the coding capacity.

So al though the idea in ny paper was
not entirely new, the analysis, the information
that is already inside in providing a capacity
formula, is -- was the first tine. And this idea,
as you can see, has gone a |ong way.

(Exhi bit 2015, having been previously

mar ked for identification, was

referenced in this deposition.)

Q (BY MR KHAN:) The BI CM paper you
are referring to, is that Exhibit 2015 that you
submtted in these proceedings that -- |I'msorry,

t hat Constellation submtted in these proceedi ngs,
the title is "Bit-Interl eaved Coded Mdul ati on" and
it is an | EEE Transactions on Information Theory

publ i cation.

A. Exhi bit 20157
Q Yeah.
A. | don't think I have it with ne. Can
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you pl ease share it?

Q | can maybe share ny screen and you
can let nme know -- | just want to make sure | am
| ooking at the right thing so -- can you see ny
screen?

A. Yes.

Q Is this the docunent you are
referring to?

A. Yes. So as usual, in the -- in ny
scientific comunity, it is customary to publish
something in short formin conferences and possibly
in journals with a short turnaround. And then the
conception information theory, unfortunately, has a
very long turnaround, is a very long review
process. So at the time we have published the

prelimnary version with already the fornula for

the -- part of the coded capacity in conference, in
ISIT, | don't renmenber which year but a few years
before. Then there is a short paper, | think

Communi cation Letters which is a British journal
that appeared | think in *'97, and then finally the
| ong paper appeared in '98.

But this is due to the fact that the
revi ew process of these papers is very long. And

so it is necessary to publish an idea in short form
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to have it out, you know, before sonebody el se
conmes up with the same thing. So | say '98. But
the formula was al ready known -- in fact, the
acronym was al ready known maybe one or two years
bef ore.

Q Okay. Thank you. So even though
this paper was published in 1998, really the idea
had been fornulated -- the idea of the BICM had
been fornul ated before that, and you had done sone
earlier publications, even before this paper; is
that right?

A Yeah, | think that the -- if | am
not -- okay. | cannot be very precise. | should
| ook at nmy |ist of references.

But | think that we had a paper in
| SIT, which is the International Synposium for
| nformati on Theory, it is the main conference on
i nformation theory, | believe that appeared maybe
in '95 or '96.

Q Okay. You nentioned this idea of
paral | el decoding capacity was part of the patent,
and you had discussed it in your paper.

The patent also recites -- sorry, the
Claim1l of the patent also recites a receiver. Was

a receiver also known at the tinme of your paper?
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MR. DI XON: Objection, relevance.

A. Honestly, | do not understand the
questi on.

Q (BY MR KHAN:) Okay. The Patent
Claiml1l, the '700 Patent Claim1l recites in part a
recei ver capable of receiving signhals via a
conmmuni cati on channel having a channel
signal -to-noise rati o.

A Uh- huh. Yeah.

Q Was such a receiver known in the art
at the tinme your paper was published in 1998?

MR. DI XON: Objection, relevance.

A. Can | -- may | answer to the
guestion?

MR. DI XON: Yes, | will instruct you
not to answer when --

A. Okay. So | have to qualify my answer
here. The patent describes a receiver fornmed by a
denmodul at or, a demapper and a decoder.

So a receiver as an object that can
receive signals and turn theminto bits, into
information bits. But you find it in every
comruni cati on system every digital communication
system since the inception of digital

communi cation. So that is a well-known concept.
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A receiver deconposed into these

t hree conponents, and in particular, the role of
t he demapper. The demapper is the device that
takes I NQ sanples fromthe denodul ator and creates
so-cal l ed soft bitwise netrics, also referred to as
LLRs, local likelihood ratios of these bits. Feed
theminto a deinterleaver and eventually, after
dei nterl eaving, these netrics represents the
so-call ed soft synmbols or soft observations that go
into the decoder, and the decoder eventually, based
on that, restores -- tries to restore the original
I nformati on nmessaging bits. So zeros and ones.
But this particular structure is specific of BICM
A receiver of this kind was not known or was not
proposed before it was hinted in sone sense with a
subopti mal way of communicating the bit netrics in
t he Zehavi paper, and it was formalized nore
precisely in our set of works on BI CM

Q (BY MR- KHAN:) When you say "our set
of works in BICM" did you nean by your paper on
Bl C\vP

A. Yes. Yes. CQur, neaning ne and ny
coauthors in that ISIT conference, a small journal
and information theory transacti on paper.

Q So the receiver that is in Claim1l of
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the ' 700 Patent, that i1nclude a denodul ator,
demapper and decoder. This is sonething that a
person of ordinary skill in the art would have
under st ood as described in your BICM paper; is that
right?

MR. DI XON: Objection, form and
rel evance.

A. It is correct that in ny paper on
BICM a receiver forned by these three conponents
I's described. 1In fact, any -- by definition of the
scheme, any BICM scheme works in this way. |f a
schenme does not work in this way, it is not a BlICM
It is very sinple.

Q (BY MR. KHAN:) And the
constellations that are described in Claim1, your
paper regarding BICM does it also provide guidance
to one of ordinary skill in the art regarding these
types of constellations?

MR. DI XON: Objection, form

A. | didn't understand. You say the
size of the constellation or what?

Q (BY MR KHAN:) No. | was just
mentioning that the claim-- Claim1 has these
constellations, right?

A. Ri ght .
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Q And you have nentioned that your
paper describes a receiver like the one in Claim 1.
And so | amjust trying to understand that, you
know, that your paper, it also describes the kind
of constellations that are recited in Claim1.

MR. DI XON: Objection, form

A. Okay. So in ny paper, we have
exanples. So the BICMis a general technique. It
can be applied to any constell ation, any binary
| abel i ng, of course, with different performances or
any binary code. It is just a general technique.

The ultimate netric to assess the
goodness of a constellation under BI CM decoding is
this parallel decoding capacity by Shannon theorem
that is the ultimate rate you can achi eve.

In my paper, we have only exanpl es
concerning uniformy spaced QAM constel | ati ons and
uni formy spaced PSK constellations. So the
constellation described in Claim1 that does
explicitly say known uniform constell ation are not
described in ny paper. Not even an exanple with
nonuni formy spaced constell ations.

Q (BY MR KHAN:) So your paper is
different fromClaim11l in that it does not describe

t he use of nonuniformconstellations; is that
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right?
A. My paper -- this is one aspect, not

the only one, in which ny paper differs from Cl aim

1.

Q VWhat are sonme ot her aspects?

A. For exanple, Claim1 nakes explicit
reference of LDPC codes. In ny paper, at the tine

of witing, LDPC codes were essentially unknown,
not yet fully invented. So clearly we didn't nmake
any reference to LDPC codes.

At the tinme of witing ny paper, for
exanple, we didn't consider the pairing of
constellations with specific coding rates and their
SNR intervals in which this pairing is
out perforned, so a set.

In here, in the claim it tal ks about
a plurality of multidinmensional synbol
constellation of plurality of coding rates, so
nothing of that is included in the paper because
t he paper was just a basic idea of BICM So how to
match a binary code with a constellation through
bit-interleaving and soft denmappi ng.

Q I n your second decl aration, you al so
referred to the U S. Patent 7,978,777, which is

Exhi bit 1015, as the Barsoum patent -- |I'msorry,
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as the Barsoum docunent. And you nentioned that it
provides witten description for the challenged

claims; is that correct?

A. | don't renenber exactly. | have
to -- if youtell me in which --

Q. Sure.

A. -- part of the patent -- the
decl aration you referred to, | can read.

Q So | guess the headi ng, Section 3 of

your declaration says: Barsoum provides witten
description for the challenged cl ai ns.

That can be found on Page 3 of your
second declaration. Do you see that?

A. Yes. Yes, | can see that. And
Barsoumis Exhibit 10157

Q Yes.

A Yeah, okay. Right. That is right.
So as far as | understand, Barsoum 1015, or the
Patent '777 is alnost identical in the clainms with
respect to Patent ' 700.

Q And so what does it nean for a patent
docunment to provide witten description for the
clainms?

A. Well, the claimis described, and it

is in witing; this is what it neans. It is also
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cited here.
Each of the plurality of different
nonuni form nul ti di nensi onal synbol constell ations
I s capable of providing a greater parallel decoding
capacity at specific SNR than the other synbol
constellations in the plurality of nultidi nmensional
synbol constellations at the same SNR
Q VWhen you say that the claimis
descri bed, what do you |l ook at to determ ne whet her
the claimis described?
MR. DI XON: Objection, form
A. Well, | ook at the patent, | | ook at
the description. There are pictures, there are
exanples. There is a high |evel description, and
then there is a -- there are charts that show
exactly what is witten here. There's an exanple
of nonuniformy spaced constellation with each one
havi ng a range of SNR which provides the best
results in the exanple. So.
Q (BY MR KHAN:) Okay. Thank you.
MR. KHAN: W have just crossed the
one- hour mark. Wuld you like to take a
five-m nute break or would you like to continue?
am okay either way; it is up to you.

A. Yeah, five m nutes break is good.
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MR. KHAN: Okay. How about we
reconvene at 11:20 Eastern. |Is that okay? That is
about eight m nutes?

A. That is okay for ne.

MR. KHAN: Good.

(Wher eupon, a break was had from

11:13 a.m wuntil 11:26 a.m EDT)

Q. (BY MR KHAN:) So before the break,
we were tal king about the witten description. |If
sonething is just clainmed in a patent w thout any
addi tional description of the features, is that
sufficient to satisfy the witten description
requi renment ?

MR. DI XON: Objection, form

A. | don't know. I'mnot a |ega
expert, I'mnot a patent |lawer. | would say that
i f something is clainmed w thout description, any
description, probably not. But, again, what is a
descri ption?

Q (BY MR KHAN:) Yeah. And | think
that is what | amtrying to understand, because you
made a statenent in your declaration that there's
witten description for the claim

So | amtrying to understand how, you

know, you cane about that conclusion. | will ask a
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few ot her questions, hopefully, to get a sense of
how you cane to that concl usion.

A Uh- huh.

Q You had nentioned earlier that you
have al so had sone experience with your own patent
applications, right?

A Uh- huh.

Q So when we tal k about witten
description for clains, are you aware that
soneti mes when you are working on a patent
application, the clainms in the begi nning, when you
submt an application, can be revised or anended in
that back and forth with the patent office, and
then ultinmately you conme out with a set of clains
that are issued with a patent?

Are you famliar with that?

A. Yeah. Moderately famliar, yeah.
Q So the purposes of witten
description -- do we |ook at the clains that were

filed initially with the application, or do we | ook
at the clains that were filed with the issued
pat ent ?

MR. DI XON: Objection to form

MR. KHAN: ['msorry. Let ne clarify
that. That is slightly incorrect.
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Q (BY MR KHAN:) For the purpose of
determning witten description, do we | ook at the
claims that were submtted initially with the
patent application, or do we | ook at the clains
t hat have been issued with the patent at the tine
of the patent issuance?

MR. DI XON: Objection to the form

A. Al of them Al what | have -- al
of what | had is the patent that was issued. So |
have -- | don't know what were the clains filed at
the time of the first filing of this patent.

Q (BY MR KHAN:) So is it fair to say
that you did not |look at the clainms that were
initially filed for the '700 Patent or the '77
Patent -- '777 Patent, sorry?

MR. DI XON: QObjection to form

A Il will repeat. | have whatever is in
the exhibits, and to the best of ny understandi ng,
the Patents '777, '700 are the one, the docunents
that are eventually issued. Wen it is marked U. S
Pat ent bl ah, blah, blah, this means it is an issued
patent. | don't have the history of the back and
forth between the inventors and the patent office.

Q (BY MR KHAN:) Okay. So you | ooked

at the clains that were issued with the patent; is
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that correct?

A Yes. That is correct.

Q And that is the same for the '700
Patent and the '777 Patent?

A. | don't understand the question. You
mean - -

Q VWhen you were | ooking for witten
description support or a determ nation of witten
description support of the chall enged clains, you
| ooked at the | anguage of the clains that were part
of the issued clainms in the '700 Patent; is that
correct?

MR. DI XON: Objection to the form

A. It is correct. | |ooked at the
| anguage in the patent docunment under ny
possession, which is the issued patents.

Q (BY MR. KHAN:) Do all of the claim
ternms in a claimhave to be explicitly recited in a
patent for there to be witten description for
those claimterns?

A. | don't understand the question.

Q So a claimis made of various claim
terms; is that correct?

A Uh- huh.

Q Sonetimes sone terns are explicitly
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recited in the patent specification, and sonetines
t hey are not.

So ny question is: Wen a claimterm
is recited in the clainms but it is not recited in
the specification of a patent, does that claimterm
have written description support in that patent?

A. To the best of ny understandi ng, when
there is a conceptual equival ence, sone term may be
different or may be m ssing. But when the context
is clear, | would say that the claimis described.

Q | see. So when a person of skill in
the art reads the patent and it is really obvious
that a claimtermis part of the description, then
that claimtermwould have witten description
support; is that right?

A. | cannot make a general statenent. |
give you an exanple. At sone point, it may be -- |
don't renenmber now exactly. It may be that at sone
point in the description of the invention, the term
"maxi m zation" is used and in a claimis -- the
term"optimzation" is used. But the underlying
optim zation problemis referring to maxim zing a
reward function, in the specific case, the parallel
of the coding capacity with respect to the point of

t he constell ati on.
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In this case, | think even if the
termis different, the neaning is identical. There
I's no possibility of m sunderstandi ng or
equi vocation. And so | would say that in this
case, this would be okay. There may be ot her
exanples for which this is not okay. But these
have to be produced on a case-by-case basis. |
cannot nmake a general statenent, an absol ute
general statenent.

Q So you are saying that maxim zation
Is identical to optim zation; is that right?

A. No. | didn't say that. | said that
in the context of an optim zation problem where the
goal is to maxim ze a certain objective function,
optim zation and nmaxim zation are synonyns.

Of course, if the optim zation
probl em was mnimzing a cost function, then, of
course, they would not be synonyns.

Q | see. So it is the purpose of the
optim zation is -- is -- okay. You nentioned
earlier in your answer, when there's a conceptual
equi val ence, sonme termmay be different or may be
m ssi ng.

What did you nean by concept ual

equi val ence?
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A. | mean when different terns have the
sanme neaning in a specific context, Ilike
maxi m zation and optim zation in the previous
exanpl e.

Q And what detern nes whether they have
the same neaning or not? |Is that sonething that
woul d just be really obvious to a person of
ordinary skill in the art?

MR. DI XON: Objection, form

A. well, yes. | -- 1 think that it
shoul d be obvious for a person skilled in the art.
Of course, a person who is not skilled in the art
and just | ooked at the terns may see -- nmay not get
the context or may not get the neaning. So they
just see two different words.

But if you know the context and you
know t he -- you know the problem a person skilled
in the art determnes the two ternms in that context
are equi val ent.

Q (BY MR. KHAN:) You just nentioned
that a person skilled in the art would determ ne
that the two ternms in that context are equival ent.
And to make that determ nation, the person of
ordinary skill in the art would rely on their

knowl edge and what woul d have been obvious to a
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person of ordinary skill in the art to reach the
conclusion that those two terns are equivalent; is
that right?

A So a person skilled in the art would
use his knowl edge to nake that determ nation. And
sonetimes this determ nation or this equivalence is
a mat hemati cal equi val ence.

In nmy previous exanple, an
optim zation probl em whose goal is to maxim ze a
reward function, optim zation, nmaxim zation are
mat hematically equivalent. |In other contexts, this
may be a semantic equivalence. |If | say | and Q of
a signal are the two conmponents of the real and
I magi nary parts of a conplex signal, they are
essentially semantically equivalent, right? They
mean the sane thing, but the terns are different.

Q So if one termis recited in the
claim another termis used in the specification,
but it would have been obvious to a person
ordinarily skilled in the art that the two terns
are the sanme thing, then you make t hat
determination that that claimtermrecited in the
claims has witten description support? |Is that
right?

A. Based on nmy expert opinion, since |
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think I can be considered an expert in the field,

If nmy determnation is that these terns are

equi valent, | will make this -- this determ nation.
So again, it is experience, context

and nmeani ng.

Q We tal k about neaning. How -- what
Is a standard that you use to determ ne the nmeaning
of claimterns?

A Excuse nme. | didn't understand.

Q I n your | ast answer, you tal ked about
determ ni ng what terns nean, right?

A. Ri ght .

Q And whet her they are equival ent or
not. So what is a standard that you use to
under stand what a claimterm neans?

A. Well, the common know edge in a
certain technical area that people skilled in that
techni cal area know.

So if I say I and Q conponents are
real and imaginary part of a conplex signal, a
person that knows digital communication understands
that these two ternms nean the sane thing. Again,
just an exanple. Sonebody who does not know
anyt hi ng about digital conmunication, probably,

because the words are different, does not make this
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associ ati on.

Q So basically the standard that you
use is what a person with experience in that art
woul d have determ ned that word to nean?

A. Yes. It is when a person with
experi ence or background in the area determ nes
that the neaning is the sane.

Q And if two words are not the sane,
then they use their experience and background to
make a determ nati on whether or not it is obvious
these two terns are the sane, right?

A Yes. This happens all the tine in
scientific papers.

Q Can | ask you to turn to Claim1 of
the ' 700 Patent?

A. Claim1l of the '700 Patent?

(Exhi bit 1001, having been previously

mar ked for identification, was
referenced in this deposition.)
Q (BY MR KHAN:) And the ' 700 Patent
Is the patent at issue that is Exhibit 1001.

A. Yes. Yes. | have it here.

Q Do you have a cl ean and unmar ked copy

in front of you?

A. It is unmarked, although there are
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some -- some col or.

Q So there's no additional witing on
there, is there?

A There is no additional witing.

Q That is fine. So it is just sone

hi ghli ghts, right?

A Yes, so Claim 1?

Q Yes, Claim1l. It starts on Col um
13?2

A. Yeah. Yeah. | have it. So should I
read it?

Q No, you don't have to. | wll start
aski ng questions. In the process, we will probably

end up reading it together.

A. Ckay.

Q Do you recall earlier we tal ked about
the receiver in Claim1? That receiving limtation
of Claim1l recites: A receiver capabl e of
receiving signals via communi cati on channel having
a channel signal-to-noise ratio.

Do you see that?

A. Yes.

Q Do all channels have a channel
signal -to-noise ratio?

A. No.
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Q When does a channel not have a
signal -to-noise ratio?

A. So in communication theory, as wel
as information theory, a |ot of different channel
nodel s are used. For exanple, a very nuch used
channel nodel is called the binary symmetric
channel .

The binary symetric channel is a
channel where the inputs is binary, so zero or one.
The output is also binary, zero or one. And the
channel sinply corresponds to a randombit flip, so
a zero can be turned into a one with probability P.
And one can be turned into a zero with also
probability P.

So this nodel, for exanple, is a
channel where the notion of signal-to-noise ratio
is irrelevant. The relevant notion is the
probability of error, so the probability P for
whi ch the channel inverts a bit.

That is an exanple of a channel where
the notion of signal-to-noise ratio i s not
appl i cabl e.

Q So ny question was a little bit
different. What you told ne is whether or not

signal-to-noise ratio is relevant. M question was
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whet her all channels have a channel signal-to-noise
rati o, not whether the signal-to-noise ratio is
rel evant or not.

A | think | answered your question in
the negative by providing an exanple for which of a
channel that has no notion of signal-to-noise
ratio. So not all channels have signal -to-noise
ratio. And | provided an exanpl e.

Q What is it -- what's the mninumit
takes for a channel to have signal-to-noise ratio?

MR. DI XON: QObjection, form

A So comruni cati on channel is a
mat hemati cal nodel of a physical object, or a
physi cal phenonenon, right? Wenever the
under | yi ng physical phenonmenon consi st of sending a
waveformto a radi o channel, a cable, whatever,
physi cal, and the communicative effect of
di sturbances in the channel and term nal noise in
the receiver circuitry, antenna, anplifier, wave
gui des, whatever is done there, it can be nodel ed
as an additive noise.

Addi tive noise neans that at sone

point in the receiver chain, we can represent the
recei ved signal as the sumof a sort of

transformation function of the transmtted signal
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pl us additive noise, then we can define the ratio
of the power of the received signal divided by the
power of the noise at that point. And this is, by
definition, signal-to-noise ratio.

So it is the ratio of two powers.
One is the power of the received signal at the
certain point of the receiver chain divided by the
power of the noise at the sane point, provided
that -- provided that the channel operates in an
additive sense.

So the noise is an i ndependent --
statistically independent or at |east uncorrel ated
additive signal that is added to the received
signal. Ckay.

So virtually any channel that nodels

a physical phenonenon in which sone additive noise

IS present.
Q. (BY MR KHAN:) Moving to the next
l[imtation, the denmodul ator -- the receiver

I ncl udes a denodul ator that is capabl e of
denodul ating a received signal into a denodul at ed
si gnal .
Do you see that?
A. Yes.

Q VWhat does a denodul ati ng operation
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I nvolve in the context of the '700 Patent?
MR. DI XON: Objection, relevance.
A. In this context, a denodul ator
I nvol ves a nunber of standard operations that are
found in a typical receiver chain.

It may involve, because -- again, it
depends on which kind of signals we are talking
about. It may involve operations |like frequency
transl ation, so frequency shift froma nodul at ed
pass bandwi dth to the base band, | ow pass
filtering, and sanpling of the | and Q conponents
of the base band signal.

So basically all the operations that
are necessary to go froma continuous tine pass
band signal, which is received froma cable, from
an antenna, say fromthe physical nmedium to a
discrete tinme sanple signal in real and inmaginary
part or | and Q conponents.

This is what usually the standard
term nation that you find in textbooks referred to
a denodul ati on or denodul at or.

(OFf-the-record di scussion.)

Q (BY MR KHAN:) The claimrecites
that the denodul ator is capabl e of denodul ati ng.

What do the words "capable of" nean to you?
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MR. DI XON: Objection, relevance.

A. Capabl e neans able to do the
operations that | just described.

Q (BY MR KHAN:) So in your opinion,
Claim1l, the denmodulator in Claim1l, sorry, does
that have to performthe denodul ating or does it
just have to be capable of perform ng the
denodul ati ng?

MR. DI XON: Objection, relevance.
And, M. Khan, this is entirely outside the scope
of either of his declarations.

MR. KHAN: Claim5 depends on Claim
1, soit's entirely within the scope of the
term nation, the witten description of Cl aimb5.

MR. DI XON: This is not at all within
the scope of his declaration. So you're free to
ask questions that are within the scope of his
testinony. This is a cross-exani nation. He has
not opined on this claimlimtation, and it's
out side the scope of his deposition.

MR. KHAN: He's opined on the witten
description of Claimb5, which includes Claiml1l. O
course you're free to make your objections, |I'm
not -- no issues there. But, you know, | can still

ask these questions. They're within the real m of
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Claim5.

Q (BY MR KHAN:) Sorry. So we were
saying -- the question was: \What do the terns
"capable of" nean to you in the context of the ' 700
Pat ent clai nms?

MR. DI XON: Objection, relevance.

A. So all these patents describe nethod
and apparatus, and this is standard | anguage. And
a nmet hod and apparatus describe -- so an apparatus
capabl e of doing sonmething, it nmeans it does
sonet hing, right?

So if you' re describing a receiver
conposed of a denodul ator and a demapper, and a
denodul ator is capabl e of denodulating a signal, it
means that it does that, right? Because it is an
object that inplenents a function. And
I npl ementing a functi on nmeans capabl e of doing that
function, right?

Because in ny view, this neans that
t he denodul at or denodul ates the signal. O herw se,
why should it be there?

Q (BY MR KHAN:) So with this claim
limtation regardi ng the denodul ator, and
specifically the words "a denodul at or capabl e of

denmodul ating a received signal,"” nean exactly the
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sane thing if | were to say "a denodul ator that
denmodul ates a received signal"?

A Yes.

MR. DI XON: Objection, relevance and
scope -- or form

A. In -- to the best of ny know edge,
these two sentences in this context are conpletely
equi val ent.

Q (BY MR KHAN:) In the next
limtation or demapper, it recites: A demapper,
coupled to the denodul ator, capable of determ ning
| i kel i hoods using the denodul ated signal and a
mul ti di mensi onal synbol constellation selected from
a plurality of multidinmensional synbol
constel l ations.

Do you see that?
A. Yes.
Q VWhat is a nultidinmensional synbol

constell ati on?

A. | don't understand. What is?
Q Yes, what is.
A. It is a set of points in a real space

or conpl ex space of dinension greater than one. So
not points on a real |line that represent pockets or

bits.
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So a synbol constellation is the set
of points representing anplitude and phase of the
signal at a given, say, nodulation interval, so
over time, such that every point has an anplitude
and a phase or a real and imginary part. O if it
Is in a dinmension greater than two, this concept
can be generalized, such that eventually every
poi nt corresponds to a binary | abel.

And so denodul ated signal, the --
encodes these bits into |abels, and the |abels into
points, the points into anplitude and phase of a
si gnal .

Q You nmentioned that they can be
di nmensi oned greater than two.

A Correct.

Q What is a third dinmension in a
mul ti di mensi onal synbol constellation?

A. Mat hematically, thereis nolimt in
the dinmensionality of the constellation. One can
desi gn constellations in very high di nensions.

As a matter of fact, a constellation
i n dinmension larger than two will always be
eventually translated in a signal, and the signal
I's characterized by an anplitude and phase, or as a

conpl ex nunmber transmtted at every sanple.
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Anmpl i tude and phase is a polar representation. And
real and imaginary parts is the characterization
representation of a nodul ated signal.

So eventually, if a synbol
constellation is defined in dinension |arger than
two, it will always be mapped into a sequence of
conpl ex nunbers.

It is, | would say, very common in
the inplenentation of digital conmunication systens
to consider constellations, let's say
t wo- di nensi onal constellations, such that the
points, are, in fact, just one conplex number or
anpl i tude and phase, hmm? But the literature has
consi dered many ot her options. So there is no
limt in the dinmensionality of a constellation
mat hematically. Right?

Q Thank you. | appreciate from your
answer that there would be no limts to the nunber
of di mensions. But nmy question was when there is a
third di mension, what is that third dinension in a
mul ti di mensi onal synmbol constellation?

A. Well, specifically to respond to your
answer, suppose that a three-di nensional
constellation would be a constellation whose points

are defined by three real conponents. And then in
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order to transmt those points, you have to map
themin some way in a nodul ated signal. And these
may be, you take themin group of two, you make
Si X, you transmt pairs or points in the real and
I magi nary parts of conpl ex nunbers.

But neverthel ess, the constellation
itself is defined in three dinensions. That's very
possi bl e and has been proposed in sone papers. For
exanpl e, you can take the vertexes of a tetrahedron
and use them as constellation points.

Q Does the ' 700 Patent describe a
constellation with three real conponents?

A. No.

Q Does the '700 Patent constellation
describe a constellation with three or nore real
conponent s?

MR. DI XON: Objection, form

A. The ' 700 Patent explicitly nmentioned
that -- okay. It is at the top of Columm 13: In
general it is possible to design N-di nensional
constell ations and associ ated | abelings, and then
it goes on.

So it admts that -- it admts that
further process could be applied to N-di nensional

constel |l ati on. Nis a variable; it could be three,
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it could be four, it could be one hundred.

It al so acknowl edges that the
optim zation involved in these high dinensiona
constellations and the demapper would be very
conplex. And this, by the way, is not witten in
the patent, but this is the reason why peopl e
typically consider two di nensions.

Q |'"msorry. Just so | understand,
what is the reason why people typically consider

two di nensi ons?

A. Conmpl exi ty.
Q Oh, | see. Okay. At this part, the
section of Colum 13 that you cited, | understand

it reads that it's possible to design N-dinmensional
constel l ati ons and associ ated | abelings. |[|s that
what you were referring to?

A. Correct.

Q But that doesn't describe or nention
real conponents.

MR. DI XON: Objection, form

A. Okay. If you read this patent:
Rat her than designing constellation in 1-D, PAM for
I nstance, and then extending to 2-D, QAM it is
possi ble to take direct advantage in the

optim zation step, blah, blah, blah. And then: In
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general it is possible to design N-dinmensional.

So here, a person |like ne, reads that
one dinension -- 1-D neans one real conponent. 2-D
means two real conponents. And therefore, by
| ogi cal extension, anybody with a little bit of
| ogi ¢ and mat hematical skills would understand that
N- di mensi onal nmeans N real conponents.

And there is absolutely no loss in
generality, because if Nis even, you can al ways
put the N real conponent as real and imaginary part
of N half conpl ex nunbers, and the reason
I sonor phi sm bet ween these two spaces. So you can
map one into the other. So there is no | oss of
generality in considering N real conponents. In
fact, it's nore general than N conpl ex conponents.

Q (BY MR KHAN:) So you're saying that
a person |ike you, when they read one di nensional,
two di nensional, they would understand that it's
obvi ous that this neans one di nensional -- sorry,
one real conponent or, correspondingly, two real
conponents; is that right?

A. VWhat is witten here, right, is 1-D,
PAM - - PAM neans pul se-anplitude nodul ation, so the
modul ation only in the anplitude; the anplitude is

a real nunber -- extending to 2-D, QAM that neans
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quadr at ure-anpl i tude nodul ation, so two real
conponents neans real and i mginary part of a
conpl ex nunber.

So anplitude -- two nodul ation in
guadrature of phase, and then N di mensional by
ext ensi on, one, two, N, you understand that these
means N real conponents.

Q Yeah, | guess that's the part that
I"'ma little bit confused. Because | don't see
that section recite the word -- in that section, |
mean that Columm 13 Lines 1 through 10 that we have
been di scussing, that it recites the words
"conmponents. "

But it's my understandi ng you're
saying that -- and you can correct nme if |'m wong
here. M understandi ng of what you're saying is,
you know, a person of ordinary skill in the art
reading this section would have found it obvious
t hat when you're designing constellations in 1-D
and then extending themto 2-D, you woul d be using
one real conponent for the 1-D and two rea
conponents for the 2-D; is that right?

MR. DI XON: Cbj ection, form

A. So let nme qualify. | said before

that constellations are a set of points in a space.

Veritext Lega Solutions
215-241-1000 ~ 610-434-8588 ~ 302-571-0510 ~ 202-803-8830

63




© 00 N oo o b~ wWw N P

NCRE SR SR R N T o e e e i o
a A W N P O © 00 N OO 00~ W N ., O

Page 64

Set of points in a space are represented as
vectors, and the el enents of the vector are call ed
conponents. This is like a standard mat hemati cal
| anguage.

So a vector in 1-Dis sinply just one
conponent, it is just one nunmber. A vector in 2-D
Is two nunbers. A vector in 3-Dis three nunbers.
These nunbers are call ed conponents of a vector.
VWhen | say 2-D or two conponents, it is the sane
thing. Mathematically, these two things are
synonyns.

So anybody with reasonabl e
mat hemati cal skills and know edgeable in this
techni cal area understands it.

Q (BY MR KHAN:) The basis of their
under st andi ng would be -- would be -- sorry.
Scratch that.

(Pause.)

Q (BY MR KHAN:) Okay. So if |
under st ood what you just said, you said that the
constellations are a set of points in space, and
they can be represented as vectors. Elenents of
the vectors are called conponents. |s that right?

A. That 1s correct.

MR. DI XON: QObjection, form
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Q (BY MR KHAN:) And so a vector in
1-D just has one conponent, a vector in 2-D just
has two conponents, and a vector in 3-D has three
conponents. In that passage, Colum 13, Lines 1 to
11, would you agree that the terns "vector” and
"conponents" are not recited?

A. Yes. It's evident by reading the
passage that those two words are not present in
this passage.

Q But according to you, it would have

been obvious that the ' 700 Patent contenplates this

vectors and conponents; is that right?

MR. DI XON: Objection, form

A. As | said before, a constellat

signal constellation is a set of points in a
certain geonetric space. Points in space are
represented in possible ways -- possible, say
system of coordi nates.

I n particular, when we represe
I n Cartesian coordinates, so in the classical
system of octagonal access, a point in space
given as a string of nunmbers where the first
corresponds to its first coordinate, accordin
for exanple, the X axis. The second nunber

corresponds to its coordinate in the Y axis,

ion, a

nt them

S
nunber

g to,

and
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the third nunmber, if there are three, or the fourth
nunber, if there are four, or etcetera -- you can
generalize the concept, right? That's a standard

i n al gebra, so standard mat h.

So fromthe nonment that you talk
about constellations, you're tal king about a set of
points. A set of points in space. And vectors are
representing these points as a |ist of conponents
with respect to a coordinate systemis standard
mat h.

So even if these words are not
explicitly nentioned here, it is obvious that a
constellation is a set of points. Points are
vect ors.

This is how we represent points in
space is a vector that goes fromthe origin of the
coordinates to the systemand the tip indicates the
point in space, right? Linear algebra.

Q (BY MR KHAN:) Okay. And just to
understand, earlier you had said that the set of
points in space can be represented by vectors. But
then you also said that it can be given as a string
of nunbers.

A. Ri ght .

Q. Can you explain, is it both? 1Is it
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one or the other or --

A. No. No. |It's the sane thing. Once
you fix a system of coordinates, a vector is
expressed as this |ist of the conponents with
respect to that system of coordi nates.

Maybe | give you an exanple. Suppose
we consider point in the geonetric space, the
t hr ee-di mensi onal real space in which we live,
right? Unless you are Einstein, and then the space
i s four dinmensional because you al so have tine.

But let's say we are in Newtonian
physics, we use three dinensions, so we have three
conponents. We fix our system of coordinates, and
we call the unit vectors pointing in the
directional three axis as |, J and K. The end
point, any point in space, can be witten as X
times | plus Y tinmes J plus Z times K

So it is this linear conbination of
the three versers with coefficients. Now, if the
three versers are fixed, you don't need to wite
them You just wite the point as X, Y, Z. X Y,
Zis alist of nunmbers. It's alittle colum or a
l[ittle row of three nunmbers, X, Y, Z. This is the
sane as the vector Xl tinmes YJ plus Z tinmes K

So the two things coincide once you
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fix a system of coordinates. And since -- the way
we represent constellation points is through the
points or the conponents. It's also in the patent
you have these tables with conponents and real and
| magi nary parts.
Q Thank you for the explanation. |
appreciate it.
(OFf-the-record discussion.)
Q (BY MR KHAN:) Goi ng back to Claim
1, the conmponent of the demapper, it also is
capabl e of determning |likelihoods. Do you see
t hat ?
A. Yes.
Q What are the |ikelihoods that are
bei ng determ ned?
MR. DI XON: Objection, relevance.
A. Okay. So here | need to get

technical to answer your question. A demapper is a

mat hemati cal operation. |'mnot comenting on how
this is inplemented. It can be inplenented by a
conputer or by a hardwire VSI circuitry. | don't
know.

But it is a mathematical operation
t hat given a received signal sanple, which is the

out put of the denodul ator is a received signal
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sanple, imgine that Y received signal, synbol is a
conpl ex nunber, real or imaginary part, or a vector
of two conponents, XY.

G ven that nunber, given that sanpl e,
and knowi ng the position of the constellation
points and their binary |abel, the demapper
produces sonething called log likelihood ratios for
the bits of the | abel.

There is a mathematical fornula, for
exanple, witten and explained in nmy 1998 paper,
that allows the conputation of this log |likelihood
ratios. Likelihoods are like a common friendly
termused in engineering. WMore precisely one would
call themlikelihood ratios or |og |ikelihood
rati os when we work in the logarithm c domain as it
I's usually done, but this is kind of irrelevant.

So what is a likelihood ratio? For
every bit in the signal |abel, you have two
hypot heses. This bit could be a zero, this bit
could be a one. And then you have an observati on,
which is your received signal sanple.

The likelihood ratio is sinply the
ratio of the probability that that bit is a one
gi ven your observation divided by the probability

that bit is a zero, given your observation. So it
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Is the ratio of the a posteriori probability of the
bit being one divided by the bit being zero where a
posteriori means given the condition of the
observation of the received signal.

Q (BY MR KHAN:) Is this likelihood
different if the received signal has a
one-di mensi onal constellation conpared to a
recei ved signal that has two-di nensi onal
constel l ations?

A. The mat hematical formulation is
I dentical and applies to any -- any constellation,
any dinension as long as it has a binary |abeling,
which is the case. The way to conpute it may be,
of course, different, depending on the shape of the
constellation, the dinmension and -- so one has to
consi der case by case in the actual conputation.

But the fornmula ideally is the sane.
How you deconpose it and you actually conpute it
depends, of course, on the fornmula of the
constel |l ation.

Q Okay. So let's use a specific
exanple. Say you have a PAM 8, one signal |ine,
and you have a 64 QAMin the other signal. Wuld
the likelihoods of these two denodul ated signals be

the sanme or different?

Veritext Lega Solutions
215-241-1000 ~ 610-434-8588 ~ 302-571-0510 ~ 202-803-8830

70




© 00 N o o b~ W N

N T T N T e e
a A W N P O © 0O N O 0o~ W N+, O

Page 71

MR. DI XON: Cbj ection, form

A Frankly, | do not understand the
questi on.

Q (BY MR. KHAN:) Can you |let ne know
whi ch part you don't understand so | can hopefully
clarify?

A. Yes. The problemis "be the sane,"
be the sanme neani ng the sanme val ue, the sanme nunber
or the sane general expression?

General expression neans an
mat hemati cal expression that can be witten for any
constellation, any binary |abeling --

Q Yeah, thank you for that. | should
clarify. | understand from your |ast answer that
the mat hematical fornula is the sanme regardl ess of
the -- there's a dinensionality here.

My question was: The likelihood
val ues, when this particular patent l[imtation
tal ks about determ ning the likelihood. So ny
guestion is: The likelihood value that's
determ ned of, say, a PAM 8 denodul ated signal, is
that the sane as the likelihood values of a QAM 64
si gnal ?

MR. DI XON: Objection, form

A. As a general statenent, w thout any

Veritext Lega Solutions
215-241-1000 ~ 610-434-8588 ~ 302-571-0510 ~ 202-803-8830

71




© 00 N oo o b~ wWw N P

NCRE SR SR R N T o e e e i o
a A W N P O © 00 N OO 00~ W N ., O

Page 72

further qualification, the answer is generally no.

Q (BY MR KHAN:) Okay. A denmapper can
be -- can process one-di nensi onal synbol
constellations -- sorry. Let ne scratch that.

Is it possible for a demapper to
determine the |ikelihoods of a one-di nensi onal
synbol constellation?

A. Yes, it's possible.
Q And is it possible for a demapper to
determine the |ikelihoods of a two-di nmensional

synbol constellation?

A. Yes, it's possible. It is not going
to be the sane demap -- the fornmula is the sane.
VWhen you inplenent it, you will see there will be

sonme differences, but the fornula is the sane
because you can wite it in terns of probabilities.
Then you have to explicitate the fornal

di sprobabilities, and then is where the fornula of
t he constellation plays a role.

Q You nentioned that it's not going to
be the same demapper. How is the demapper
different for a one-di nensional constellation and a
t wo- di nensi onal constellation?

A. | can only answer this question

t hrough getting really into the specifics. Do you
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want me to do it? | can do it.
Q Yeah, pl ease. Pl ease do. | nean
you are educating nme in the process, so |
appreciate it, yes.
A. Okay. Can we perhaps bring up ny '98
paper ?
Q Yeah. Absolutely. 1"l -- okay.

Can you see the screen?

A Yes.

Q Yeah.

A So if you scroll down, slowy, such
that -- no, keep going. Keep going. Keep going.

Keep going. Ckay.

Okay. So we can see here in Equation
7, we see a fornula that descri bes what we call a
bitw se metric. In fact, this is equivalent to
this notional |ikelihoods. And you can see here --
now, forget about these two distinctions, perfect
CSI, no CSI, that's irrelevant, it's just a fornula
of probability distribution involved.

But we see here that this |ikelihood
is a function of the received signal, indicated as
a vector Y at the certain tinme instant K prine
comma B. B is the bit in position | of the | abel

of -- of the constellation point. And this is
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given as the logarithmof the sumover all possible
signals X in the subconstellation that has bit B in
position | of these probabilities.

So these probabilities, one has to
explicitate that form And this depends on the
type of channels we are tal king about. For
exanple, for the Gaussian additive noise channel,
this probability will be a Gaussian distribution.
And a Gaussian distribution can be witten in any
di mensi on.

Now, you see here this is general,
expressed in general for a general nultidi nmensional
point X and Y. One wites here in this -- instead
of this P sub-theta Y given X, you wite down the
expression of the correspondi ng Gaussi an
di stribution, and you have your explicit fornula
for the likelihood of the bit B in position | of
the label. And this is where the dinension and the
form of the signal plays a role.

So that's the general formula. You
plug in the specific expression of the probability,
and you have the specific case. And of course this
woul d be different, depending on the constellation,
dependi ng on the dinensionality, etcetera.

Q So thank you for that explanation.
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think it's consistent with what you were saying

earlier about the formula can be the same,

regardl ess of the dinensionality. |[|s that right?
A That's correct.
Q My question was nore towards the
design of a demapper. Do you use the same design

of a demapper for a one-di nensional constell ation
conpared to the design of a demapper for a
t wo- di mnensi onal constell ation?

A. Thi s depends on how the constell ation
Is formed. One of the advantages of producing
nonuni form QAM constel l ation by alternativizing two
PAM constel |l ati ons and using a particular binary
| abeling is that the demapper becones deconposabl e,
SO you can demap using two one-di nensi onal
demappers operating on the real and inmaginary part
of the signal.

If this particular structure is not
used, then the demapper will have to operate
directly on the two-dinensional signal, so it is
not deconposable. And this, of course, differs in
conplexity. And this is also acknow edged in the
patent where they say that the resulting receiver
demapper is nore conpl ex.

So the general statement is no, every
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constellation and | abeling has its own denmapper.
I n some special cases, these operation can be
deconmposed and, therefore, resulting in a | ower
conpl exity.

Q And t he deconposabl e design, that's
for, say, nultidinmensional constellations, for
exanpl e, two-di mensi onal constellation that has
been formed by orthogonalized one-di nensi onal
constellations; is that right?

MR. DI XON: Objection, form

A It is right in the sense that that's
certainly a sufficient condition. Wether this is
al so the only possible case, | don't know. People
have tried all sort of |ow conplexity approaches
here and there. | cannot have a full spectrum of
the literature. But definitely this conposition is
possible in the case of when the constellation is
constructed in this way.

Q (BY MR KHAN:) Would you agree with
me that the nultidimensional synbol constellations
recited in Claiml do not require these
mul ti di mensi onal constellations to be formed by
ort hogonal i zi ng one-di nensi onal constellations?

A. | agree that in Claim1l, there is no

menti on of produci ng QAM constell ation by
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orthogonal i zi ng PAM constellations. So the claim
I's generally referred to nmultidinmensional synbol
constel |l ati ons.

MR. KHAN: W have been going for an

hour twenty mnutes. | knowit's also past
| unchtime. So, you know, |I'm happy to take a break
here, |'m happy to continue, either way. Do you

have a preference, Dr. Caire?
A. " mokay. | don't know. \Whatever
everybody wants to do.
MR. KHAN: Ckay. | want to be
m ndful of WIliamand Laura also. Maybe if it is
okay, we can go on for another ten, fifteen m nutes
and then take a lunch break. Does that sound okay
to everyone?
MR. DI XON:  Yep.
MR. KHAN: Thank you. | appreciate
t hat .
Q. (BY MR KHAN:) Claim1 also recites
a decoder. What is the primary function of a
decoder ?
A. So the decoder receives fromthe
demapper the |ikelihoods of the bits of the |abels
of the constellation synbols in a scranbl ed order,

thanks to this process called bit-interleaving.
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And uses these |ikelihoods, which are soft val ues.
It means they are not zeros and ones. They are
unquanti zed real nunbers or quantized in practice
in a particular inplenmentation of a serial, these
woul d be quantized in a certain finite mathemati cs.
But for our purposes here and for the theory, they
are treated as unquantized real nunbers.

As these were the outputs on a
virtual channel with binary input and after given
by these likelihoods, and then it applies a
decoding algorithmto recover the original binary
message that was transmtted.

Q In this case, the decoding algorithm
that is used, is that an LDPC-based decodi ng
al gorithnf

A. Yeah, | assunme so. It is witten
here, says based upon a |low density parity check
code. So LDPC.

Q Does a decoder take into account the
phase val ue of synbol s?

A. No. The schene works in the
foll owing way. The demapper produces these
i kel i hoods. So the |ikelihoods, as you -- as we
have seen before, apart fromthe |ogarithm

operation, which is just sort of rescaling of
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things, is essentially a probability. |Is
essentially like how likely a certain bit is a zero
or a one, given the received signal.

The decoder takes these val ues which

are real nunbers -- there is no phase value at this
point -- and applies a suitable decoding
algorithm-- there are many possibilities. O
course, this depends on the nature of the code. | f

the code is an LDPC, the decoder will use an LDPC
decoder. |If the code is a convolutional code, it
will use one of the algorithnms proposed for
convol uti onal codes and so on and so forth.

But the denmapper provides a sort of
uni versal interface, such that given the output of
t he demapper, the decoder can take those outputs
and treat them as the output of a new channel that
I ncor porates mappi ng points and constel |l ations,
transm ssi on, denodul ati on, demapping in |like a
packet. Sort of |ike a box.

So the decoder is essentially
agnostic at this point, is agnostic of the nature
of the channel. As long as it has these
probabilities, it can run the decoding algorithm
We say this is likely is formed by sufficient

statistics. So it is enough to know this to make

Veritext Lega Solutions
215-241-1000 ~ 610-434-8588 ~ 302-571-0510 ~ 202-803-8830

79




© 00 N oo o b~ wWw N P

NCRE SR SR R N T o e e e i o
a A W N P O © 00 N OO 00~ W N ., O

Page 80

an optimal deci sion.

Q You nentioned that the |likelihood is
kind of like a -- the likelihood that a certain bit
IS a zero one given the received signal. Did |
under stand that right?

A. Yes, that is correct.

Q So when there are a bunch of bits
that are close to each other, does that inpact the
i kel i hood?

MR. DI XON: Objection, form

A. Well, "inpact the likelihood" is not
the right term The BICM capacity or the parall el
decodi ng capacity is the sum of the nodel
i nformati ons between each bit of the [abel and the
out put signal. |If one bit in the |abel
di stingui shes between points that are very close to
each other, the termin the sum would be very
small. So it is not inpacting the |ikelihood,
which is a random vari abl e and depends on the
particul ar noise realization. But we nay say that
If one bit in the | abel distinguish between points
that are very close to each other, then the
contribution of that bit to the overall parallel
decodi ng capacity will be very small.

And this, by the way, is seen in many
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papers who have considered the optim zation of QAM
constellations, so in two dinensions. Wen you
have a sort of clustering, when you optim ze the
constellation with sixteen points, for exanple, at

| ow signal -to-noise ratio, so you fix a

signal -to-noise ratio that is small. And then you
start from sixteen points, you run your

optim zation algorithm and you will see that these
poi nts coal esce in clusters, points that are very
cl ose to each other, which nmeans that the rel evant
information, the bits in the |abel that carry

rel evant -- relevant nmeans anount of informtion
that is significantly nonzero -- are the bits that
di stinguish the clusters, not the bits that

di stinguish the points in the cluster. But this is
a natural process in the optimzation is if it

happens that some points coal esce in a cluster,

well, thisis -- it has to be so. It neans that
sone bits carry very small informtions.
Q (BY MR. KHAN:) You nentioned that

when you have sone sort of clustering, you can set
the optim zation for a |low signal-to-noise ratio.
Wy do you do that?

A. Actually I didn't say that. | said

t hat when you set the optim zation -- so the
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signal -to-noise ratio at which the optim zation is
preferred to be a | ow value, for exanple, zero to
B, suppose | go into optim ze ny constellation for
zero to B. Zeroto Bis alowvalue. Wiy is it a
| ow value? It means that the signal and the noise
have the sane power, right? Zero to B neans that
the ratio is one, so sane power

Channel capacity at zero to B is one
bit per second per hertz. O if you want, it is
equi val ent as what you woul d achi eve, roughly
speaking, with a QPSK. So four points equal a
space in the four quadrants with a coding rate one
half. So every bit in the |abel carries a half of
a bit. You have two bits in the |label. You have
one bit, one information bit per conplex synbol or
one half information bit per real dinension.

This i s what Shannon says. W cannot

do better than that.

So if I ran the optim zation starting
froma | arge di nensional -- not |arge dinensional,
sorry, a large-size constellation -- |large size

means nmany points on the conplex plane, and | ran a
good optim zation algorithm these points w |l
sonmehow cl uster such that they -- at the end, the

resulting constellation | ooks |Iike essentially the
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four points |I just described. So it is not that if
you have clustering, you optim ze a |low signal --
I f you optim ze a |l ow signal --

(O f-the-record di scussion.)

A. | said it is not that if you have
clustering, you optim ze at |ow signal-to-noise
ratio. Rather, it is the opposite. |If you
optimze a low signal-to-noise ratio, you wll see
sonme form of clustering.

Q (BY MR. KHAN:) Thank you. |

appreciate that. So it is the other way around,

right?
A Yeah.
Q Okay. And so --
(Pause.)
Q (BY MR KHAN:) So going back to the
claim inthe -- in the -- in these steps for the

decodi ng and the denodul ati on and the demappi ng, so
these three steps, denodul ation, demapper, decoder,
whi ch one of these steps factors in the phase val ue

for the different synbol s?

A. So the phase value of the synbols is
used in the demapper. |[If you represent the synbols
in real, imaginary parts or in anplitude and
phase -- it is like points in the conplex plane --
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t he demapper nust know the position of the synbols,
t hey nust know the constellation. So this is where
t he phase value of the synbols are inplicitly used,
whet her -- it depends on the type of constell ation.

If it is, for exanple, a phase type
of constellation, |ike a PSK constellation, then
only the phases are relevant. |[If it is a QAM
constellation, then phase and anplitude or
equi val ent, real and imaginary part, is relevant.
But this is where explicitly or inplicitly the
phase val ue of the synbols in the constellation is
used.

(O f-the-record di scussion.)

Q (BY MR KHAN:) So in order to
determ ne the |ikelihoods of a nultidinmensional
synbol constellation, is it fair to say that the
demapper woul d then use phase val ue of different
synbols in the multidi mensional synbol
constel l ation?

A. Not - -

MR. DI XON: Objection to the form

A. -- necessarily. Not necessarily. As
| said before, it depends on the nature of the
constel |l ati on.

Q. (BY MR. KHAN:) Okay. Could you
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clarify? | thought | understood if it is a

mul ti di mensi onal synbol constellation, they
typically have sonme sort of -- points typically
have anplitude and phase, right? |Is that right?

A. That is correct. Every point in,

l et's say, two real dinension can be considered as
a point in -- as a conmplex nunmber. And conpl ex
nunbers have two canonical representations. One is
in real and i mginary parts. Those are two real
numbers. O in polar form as an anplitude and a
phase.

So whet her the demapper uses the
pol ar form coordi nates system or the Cartesian form
coordi nate system depends on the constellation,
depends on how you i nplenent the demapper. So the
demapper may use real and i mginary parts or
anplitude and phase. It really depends on the
nature of the constellation.

Q So -- what you are saying is
basically -- sorry. Let ne -- let me get sone
clarification.

My under st andi ng of what you just
said is that the demapper can use, anong ot her
things, two paraneters. Those paraneters can take

the formof either a real or imaginary part or
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anplitude and phase; is that right?

A. It is right. But | would -- | would
| i ke to understand if you are tal ki ng about -- when
you say the signal, you refer to the signal points
in the constellation or the received signal, what
we have called Y in the paper, in the patent, is
normally X is the transmt signal, so it is a point
In the constellation; Y is the received signal.

What are you referring to in your
questi on because --

Q Sure. So maybe -- thank you. So |
shoul d maybe be a little nore cl ear here.

VWhen | ook at the claimlimtation
of the demapper, it says using the denodul ate
signal, determning the |ikelihoods using the
denodul ate signal, right?

And it is ny understanding that this
denodul ated signal -- I"'msorry. It says
denodul at ed signal and a nultidi nensi onal synbol
constellation. So it is ny understanding that then
when a mnul tidi mensional symbol constellation is
part of the denodul ated signal, right, that then,
In the case, for exanple, of a two-dinensional
constellation, you would then -- the demapper would

use two paraneters, you know, either the real and
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I magi nary or the -- the anplitude and phase.

MR. DI XON: Obj ecti on.

Q (BY MR KHAN:) That is what | was
trying to get at. Is that right?

MR. DI XON: Objection, form

A. It is generally right. The demapper
woul d take the received signal sanple Y, either in
real and imaginary part or in anplitude and phase,
and woul d cal cul ate the likeliness of the bits of
the | abels by applying the formula we have seen
before, which involves also the points of the
constellations which would al so be represented
either in real and imginary parts or anplitude and
phase.

Q And when you have a one-di nensi onal
synmbol constellation, as in the denodul ated si gnal,
t he demapper would just have one paraneter instead
of two paraneters to performthe demapping; is that
right?

So, for instance, if it is the case
of , you know, real and inmaginary parts in the case
of a one-di mensional constellation, you would just
have the real part and there would be no inmaginary
part; is that correct?

A. It isalittle bit nore conplicated
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than that. So if | nmay say --

Q. Sure.

A. Ckay. Okay. So a pass band channel,
for exanple, a radio channel around a certain
carrier frequency, when the denodul ator transl ates
the signal fromthe carrier frequency to the base
band al ways generates, in principles, a conplex
signal. Conplex means that there is one conponent
nodul ating the carrier in phase; the other
conponent nodul ating the carrier in quadrature for
t he pure fact that when you have a sinusoid. A
sinusoid at a given frequency is defined by --

THE REPORTER: | didn't understand
t hat .

A. | repeat. For the sinple fact than
when you nodul ate a sinusoid, so a carrier, the
sinusoid at a given carrier frequency is defined by
its anplitude and its phase. So the nodul at ed
signal has always two paraneters, anplitude and
phase. |If for sone reason the information is only
encoded in the anplitude, then the denodul ator,
whi ch al ways operates sonething called carrier and
phase recovery, which neans it is able to
di stingui sh between the in-phase and the quadrature

conponents, in this case will only extract the real
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part of the signal, which is a real nunber and
therefore -- and so it is the anplitude.

Now, one can di stingui sh about
coherent denodul ati on, noncoherent denodul ati on,
perfect carrier recovery, carrier recovery with
error, etcetera, etcetera, etcetera, and we can go
on and recite the whole book in this conmunicati on,
and probably this would be inappropriate.

However, in alnost all nodern
conmuni cation systens, carrier recovery is done
very precisely, which neans that the denodul ator is
able to lock into the phase of the nodul ati ng
carrier and recover the real part and the i mginary
part of the signal with an extrenely small phase
error, which neans that essentially it can
di stinguish very well between these two conponents
and now, if for sonme reason, the information is
only contained in the real part, then we wll have
only the anplitude of nodulation. And if the
information is contained in the real and imagi nary
parts, then we have the two dinmensions. It is as
sinple as that.

Q (BY MR KHAN:) Okay. | will try
to -- thank you for the explanation. | will try to

foll ow.
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| understand you are saying the
nodul at ed signal can have these two conponents, but
t he demapper that we are working with in the claim
uses a denodul ated signal, right?

A. Ri ght. Right.

Q So we are not dealing with a
nodul ated signal with the demapper; we are dealing
w th a denodul ated signal, right?

A That is correct. The denodul ated
signal is the signal that you obtain by translating
the frequency. The noderated signal to the base
band after recovering timng for sanpling and
carrier phase to distinguish between real and
i magi nary parts. This is all the operati onal
denmodul at or, and the denodul ator outputs two
sanples, |, Q real, imginary, in general. That
I's the general schene.

Q Yeah. So | understand that the
out put of the denodul ator can have a real and
I mgi nary part -- identify the real and i mginary
part of the signal.

Now, for a one-di nensi onal
constellation, is the output normally just the real
part of the signal?

A. Yes, it is. A typical exanple is a
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base band transm ssion. | n base band transm ssion,
whi ch means no carrier nodul ated signal, you sinply
transmt that frequency to zero, and this is done
in certain applications, then only anplitude
nodul ation is used. And in this case, you wll
only have the real part.
(OFf-the-record di scussion.)

Q (BY MR KHAN:) And | guess
consistent with that, when you have a
t wo- di nensi onal synbol constellation, then you can
have the real and imginary part, right, and that

information is then used by the demapper?

A That is correct.
Q Okay.
MR. KHAN: Okay. | went past ny
fifteen mnutes. Sorry about that. It's 1:30. W

can take a lunch break. How Iong of a break woul d
you |i ke for lunch? |If there's no -- | want to be
respectful of your tinme. We can do like -- do you
prefer forty-five mnutes for lunch or one hour?
VWhat, do you have a preference?

Okay. |If no preference, then nmaybe
-- it's 1:30, approximtely 1:30 now. How about we
reconvene at 2:15? Does that sound okay?

A. (Noddi ng.) Yes.
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MR. KHAN: Fantastic. Geat. Thank
you. We'll talk to you at 2:15.

(Wher eupon, a break was had from 1: 28

p.m until 2:25 p.m EDT)

Q (BY MR, KHAN:) Wel cone back,

Dr. Caire. W were just going through Claiml
before the break. And Claim 1 and Paragraph 5 of
your second declaration used the term "degree of
freedom™

A. Yes.

Q Al right. Do you see that? And
al so that section that you were referring to
earlier in the '700 Patent, which is the Colum 13,
like Lines 1 to 11, right, that also -- do you see
on Line 5 it uses the term "degree of freedom'?

A Yep. Yes, | see.

Q VWhat does the term "degree of
freedon’ nean in the context of the '700 Patent?

A. Ri ght. So degrees of freedomin this
context neans the nunber of parameters wth respect
to which a constellation is optimzed. And in
particul ar, when we tal k about the optim zation of
the constellation points, this will be the
coordi nates of the points.

Soif we work in two di nensi ons, we
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have two degrees of freedom |If we work in one

di rensi on, we have one degrees of freedom

But - -
Q. Okay.
A. But degrees of freedomin general, in

the context of optim zation is the nunber of
variables -- it is alittle bit of a vague concept.
In this concept there's not like a very strict
definition. But it is essentially the nunber of
vari abl es that you can queue up in the -- in the
optim zati on.
I n engineering, it can be used in --

with alittle bit of a | oose sense. You wll see
t he degrees of freedom concept appearing with
different nmeanings in many different contexts. But
in this context, | interpret this as the paraneter
used for optim zation.

Q Okay. So is it fair to say |like the

PAM a constellation has one degree of freedonf

A. It's fair to say that the way this
constellation -- that this termis used in the
patent express -- expresses this -- this concept,
yes.

Q Al right.

A. I --
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Q And is it fair to say that QAM has
two degrees of freedonf

A. Yes, although the degrees of freedom
can be constrained. So when we talk about the
optim zation problem we have an objective function
and a set of constraints. So variables may not be
i ndependent |y chosen.

So this is slightly debat abl e.
Because problens, optim zation probl ens have
constraints. And then | would say it depends on
the constraints.

Q Does the optim zation depend on the
constraints or the degrees of freedom depend on the
constraints?

A. So in an optim zation problem-- an
optim zation problemis defined by an objective
function, which is the function we want to maxim ze
or mnimze, depending on the nature of the
function. The function is a function of several
vari abl es.

And then we have a constraint set in
general. O course a special case of an
optim zation problemis an unconstrai ned
optim zation w thout constraints.

But if we -- in the general setting,
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we have a constraint of optim zation, and the
constraints may be due to various reasons. They
may be -- the energy of the constellation may be
constrained to be unit energy, the -- et cetera.
We have several different constraints.

Now, the constraint set is the domain
over which we optim ze, right? So we have to
measure the function of many vari abl es and then we
have a domain. And we |ook for the maximumin this
domai n.

Now, the constraint set may reduce
t he degrees of freedom of the optimzation in the
sense that although the function is a function of,
for exanple, several variables, the constraint set
may i npose a relation between these variabl es such
t hat the possible points to be considered live in a
| ower di mensi onal space.

And then it's a little bit of a
debate, | would say in termnology, right? | wll
say that sone people may | ook at degrees of freedom
in the sense of the nunber of variables of the
obj ective function. Sone people may say degrees of
freedomis the dinmensionality of the constraint
space.

Sonetinmes this constraint space is
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the dinmensionality that -- like, for exanple, a
sphere in three dinension is a three-di nensi onal
body. But if | constrain these variables to lie on
the surface of the sphere, what is that? A surface
is a two-di nensional manifold but lives in a

t hree-di nensi onal body. |Is the problem

t hree-di nensi onal or two-dinensional? It's a
little bit of a question, right? You can find both
cases.

Q That seens |ike there are a | ot of
different -- just a lot of different paraneters and
I nformation to consi der when you're thinking about
the degrees of freedom and optim zation; is that
right? | nmean -- yeah

A. Yeah. | would say degrees of freedom

in an optimzation is a little bit of a soft

concept, | would say, is a little bit of a soft
concept.

Q And by soft, do you nean |i ke vague
or open or -- I'mtrying to understand what you

mean by that.
MR. DI XON: Objection, form
A. | mean that you may find sonme authors
that would | oosely refer as degrees of freedom as

t he nunber of variables with respect -- appearing
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in -- say with respect to the optim zation.

So if you have a function of four
vari abl es, you say okay, it's a four-dinensional
optim zation problem Four degrees of freedom
But maybe the constraint set inposes a relation
bet ween these vari ables, so you're noving a
mani fold that is a surface that maybe is a
t hree-di nensi onal body in a four-dinensional space.

So on the other hand, there is no
efficient representation in three dinension because
the manifold is conplicated, so you're still noving
in a four-di nensional space. But the constraints
It inmposes these variables to be in a certain
relation, so there are points on a
t hree-di nensi onal manifold. That's why | say it's
alittle bit of a soft concept.

Q (BY MR KHAN:) And so the -- and so
to understand -- all right. So what | understand
Is that different authors may refer or mean
different things when they say degrees of freedom
and when they talk about optim zing degrees of
freedom it could nmean different things.

MR. DI XON: Cbj ection, form

A. Optim zi ng degrees of freedomis not

what | nmeant. It is nore like in how many ways or
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how many vari abl es you can operate in the
optim zation process. Right?

Q (BY MR KHAN:) Well, I'mtrying to
ask you, | -- what | asked you earlier was, you

know, there's a QAM of two degrees of freedom and

you said, well, it depends on the constraints. And
then you said, well, it depends on how a person of
ordinary skill in the art -- I'msorry, what was

t he word, how sone authors would refer to the
degrees of freedom
So I'"'mtrying to understand then |ike
are they just different understandi ngs of what
degrees of freedomare, it depends on the context,
or how do you figure out, if |I have a QAM
constellation, you know --
A. Ri ght .
Q -- is that two degrees of freedom or
sonet hing el se? How do you figure that out?
MR. DI XON: Cbj ection, form
A. Okay. | can explain -- | can give
you ny opinion, and then -- or -- and/or mnmy opinion
on the nmeaning that is used in the patent. They do
not coi nci de, necessarily.
So you want rny opinion in general

or --
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Q (BY MR KHAN:) | am happy to hear
both. |'mgetting educated in the process, so I'm
happy to hear both.
A Okay. So | would consider fair -- a
fair definition of degrees of freedomin an
optim zation problemthe nunber of variabl es that
can be set independently to explore the domain over
which the optim zation is perfornmed, which, in this
case, for a constellation where -- of N points,
each point corresponds to two real coordinates,
real imaginary part, with a constraint on the total
average power, which nmeans one over M sum of the
square of the coordinates of the point equal to
one, reduces to two M m nus one, three vari abl es.
So | would say that the optim zation
probl em has two M m nus one variables that you can
freely set to explore the domain of the
optim zati on.
So | don't think that the

optim zation of a PAM constell ation has one degrees

of freedom | don't think that the optim zation of
a QAM constellation has two degrees of freedom In
general, you can nove -- every point of the

constellation is defined by either one or two

paraneters, so the real conponent or real and
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i magi nary conponents. And this is what | woul d
define as degrees of freedom of the optim zation
probl em

Now, having said that, | believe that
the patent, as well as other authors, in
particular -- now | don't renenmber exactly. |
shoul d take a pause and review it.

But | think that in the I STT and
probably in other papers, the term "degrees of
freedom if ever used is referred to the dinension
of the signal set, because this is the usual term
used in digital comrunications to express how many
real synbols we can transmt per unit interval, per
synbol interval

So PAM has -- transmts one
anplitudes. QAMtransmts one real and one conpl ex
anpl i tude or one anplitude and one phase, so it's
usual to refer to degrees of freedom as the
di mensi on over the real dinmensions of the
constellation. And this is different fromthe
degrees of freedomin the optim zation problem is
not the nunber of variables that you optimze; it
I's the dinension of the constellation.

In the patent, this is expressed in

this way.
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(Pause.)
(OfFf-the-record discussion.)
Q (BY MR KHAN:) So | wunderstand
you're saying that in the ' 700 Patent and the ' 777
Patent, the degrees of freedomessentially refer to
t he nunber of dinensions of the constellation.
s that correct?
A. That's my under st andi ng.

And -- but you said that when it
cones to optim zing, the optim zation problem the
degrees of freedom can nean sonething other than
t he nunber di mensions.

s that correct?

A. This is what | would use when tal king
about degrees of freedomin an optim zation
probl em

Q So your understandi ng of degrees of
freedomis a little bit different fromwhat the
under standi ng -- other than what the degree of --
sorry. Scratch that.

So your understandi ng of the degrees
of freedomis a little different than the way
sonebody woul d have understood "degree of freedont
to mean in the '700 and ' 777 Patents; is that
right?
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A. Let me be nore precise. In digital
comruni cati on, degrees of freedom can be used in
several different ways, depending on the context.
It is customary to refer to degrees of freedomin
the transm ssion of a signal as the dinension of
the synbols that you transmt.

So a conplex signal or a real and
I magi nary part, | and Q two degrees of freedom per
synmbol. That's usual |anguage. And | believe that
t he patent uses these degrees of freedom
term nology in this context.

Essentially, dinmensionally the

constellation is -- is sort of synonynous of
degrees of freedom which is the usual way -- it's
used in many -- in many -- in many references, the

usual way of referring to degrees of freedomin
this context.

Then | wanted to be precise and say
If we talk about an optim zation problem this
woul d not be the way | refer as degrees of freedom
of the optim zation problem The optim zation
problem | would refer to the nunber of degrees of
freedom of the optim zation problem as the nunber
of independent variables that need to be set in

order to fully explore the constraints of the
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probl em

Q And when these -- so when you say the
optim zation problem right, I"'mtrying to
understand that. So in Colum 13, Lines 4 and 5,
right, it says the optim zation step of the
addi ti onal degree of freedom right?

So now does that -- does that involve
t he degree of freedom-- sorry. Should that be --
shoul d the use of degree of freedomin that
sentence be construed consistent with the
optim zation problemor according to |ike the
nunmber of di nensions?

MR. DI XON: Objection, form

A. In this context, this is consistent
with the nunber of dinensions for the follow ng --
in the follow ng sense: \What is witten here is
that it is possible to take direct advantage in the
optim zation step of the additional degrees of
freedom presented by an extra spatial dinension.

So this neans that if one optim zed
the constellation directly in two di nensions, one
can take advantage with respect to if one inposes
the constraint that the constellation nust be a
broader constellation, broader neaning optim zing

two PAM because, of course, one is in a special
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case of the other. So in this case, you have
enl arged the surface space, and this can yield
additional direct advantage as is witten here.

So this paragraph essentially, in ny
opi nion, states that extending the optim zation
directly in the two di mensions, one can obtain
addi ti onal advantage, which is understandabl e,
because if you relax the constraints, the
constraint set, you can get better results. That
is a matter of life, right? This is how
optim zation problens work. If one is a relaxation
of the other, you can find sonmething better.

Q (BY MR KHAN:) How did you detern ne
t hat your understandi ng of degrees of freedom was
different than the one in the patent, the '700
Pat ent ?

A. Now, maybe | didn't express nyself
fully correctly. What | wanted to say is that we
have to distinguish the way that the -- the usage
of the terns "degrees of freedom in the patent,
whi ch seens to nme consistent with the
di mensionality of the signal set.

Q Ckay.

A. And they use degrees of freedomt hat

| would use refer to an optim zation problem which
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I's, | would say, consistent with the mainstream

optim zation theory that you can find in books.

Q Ckay.
A. But if | had to use degrees of
freedomto refer to a signal, | would use degrees

of freedomin the sane way it is used in the
patent, because this is a usual way that you find
definition of degrees of freedom when referring to
a nodul ated signal .

Q Okay. And so in the context of the
700 and ' 777 Patents, when they say degrees of
freedom -- sorry.

In the context of the '700 and ' 777

Patents, a 1-D constellation has one degree of
freedom and a 2-D constellation has two degrees of
freedonf

A. That's correct. In this context,
this is the way they say.

Q Goi ng back to constellation
desi gni ng, can constellation points be nonuniformy
spaced in one dinension by uniformy spacing
anot her di mensi on?

A. Yes. | certainly can state an
exanpl e where spacing is uniformin the Y axis and

nonuniformin the X axis.
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Q Sois it -- I"'msorry. | amnot an
expert in the field. But is it accurate to say
that -- is it the sanme thing to say that
constell ati ons can have nonuni form space points in
one degree of freedom and not in the other degree
of freedonf

A. According to the commonly accepted
| anguage, | would say yes, it is fair to say that
the constellation can have this.

Q And when you have nonuni formy spaced
points in a -- along one degree of freedomin a
mul ti di mensi onal constellation, and the spacing is
adj usted for those constellation points in a
nonuni f orm way, how does that inpact the SNR, if at
al | ?

A. If the constellation has the sane
average power, so one over the nunmber point sum of
t he magni tude of squares of the distance of the
points fromthe originis the sane as it is in this
optim zation. You always have to nornmalize the
average power; otherw se, the optim zation doesn't
make sense. Then, of course not. The spacing of
the points provided that the sumof the square is
di vided by the nunber of points is constant has no

| mpact on the SNR because the SNR is the average
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transmtted power. So the average single power
over the average noi se power and the average single
power is defined as these normalized sum Like if
you want, it is the second nonent of the X
variable. X is randomy distributed over the point
of the constellation.

So you normalize the second nonent.
Ot herwi se your optim zation point doesn't make
sense, right? One could get a higher capacity
sinply by blowi ng up this nunber, and you have |i ke
a very large SNR, and you cannot conpare two
constellations with different second nmonent. It is
an unfair conparison

Q | see. So you nentioned this |ike
one over the sumof the square. |'msorry, but I
don't follow --

A Sorry. One over M Mis the nunber
of points. So it is like -- it is |like an
enpirical nean, right, one over Mtines sum over
the terms. And the terns you sumis the square
di stance between the origin and the points.

Q Okay. Hmm  Thank you. Was that
equation in the '700 or '777 Patents, do you
recal | ?

A. | need to |l ook at it. | don't recal
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if there is an equation -- but -- okay. 1In the
"700 Patent it is witten -- maybe it is before.
G ve ne five m nutes.

Q No problem Take your tine.

A. | " ve checked, there is nothing else,

because | see where it is witten, but there nay be

sone kind of places -- hmm
(Pause.)
A. Okay. Seens that the only place

where SNR is defined is Columm 13, Line 24: The
average SNR of the systemrenmains the sane as in
t he case of the AWGN channel, and then you see that
there i s expectation of X square divided by
expectation of N square. Expectation of X square
I's the second nonment of the constellation points.
Expectation of N square is the variance of the
noise. And this is how in conmmunication theory you
usual |y define SNR

Q (BY MR KHAN:) Yeah, | guess ny
gquestion is a little different. This you are
saying is the definition of SNR  What | was asking
for is that earlier equation that you kept
mentioni ng, one over Mor square M sonething of
t hat --

A. But that expectation is, if you wite
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explicitly, is exactly what | -- what | said,
because what does it nean expectation? When you
use the points with the sane probability, one over
t he nunber of points, which is always the
assunmption in this case, which is always the case
when you have a |inear code |ike an LDPC driving
mappi ng, the bits are uniformy distributed. So
the |l abels are uniformy distributed. So they
appear wth the sane probability, one over M where
Mis the nunber of points.

So this expectation explicitly is
witten as what | just said. But, of course,
witten as an expectation of an operator
mat hematically is the same as |long as the context
Is clear. |If you have to calculate the second
nmoment, you would use the fornula | just said in

wor ds, basically.

(Pause.)
Q (BY MR KHAN:) Okay. So |
understood -- | guess ny earlier question was, you
know, you know, how does -- when you nodify the

spacing in a nonuniformconstell ation, how does
that inpact the SNR. You said first you have to --
| guess there's understanding that the

constellation still has to -- before and after the
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shifting, it has to have the sane average power.
And then you have to nornalize the average power.
And then you can determne the SNR fromthere.

s that right?

A That is correct.

Q Okay. And goi ng through these sort
of steps would have been sonething very obvious to
a person ordinarily skilled in the art?

A. Well, fromthe noment you say
optim zing the capacity for a given SNR, the
constraint is that -- in the SNRis given. So al
the constellation of when you are noving the points
usi ng your optim zation algorithnms, you cannot
change the SNR because it is for a given SNR  So
that is tal king about --

Q I|'msorry. That wasn't nmy questi on,
t hough. That wasn't my question, though. All
right.

My question -- |ike you tal ked about
t hese steps, right, these steps that you perforned
to determne the SNR  And | said all that would
have been very obvious -- all that would have been
obvious to a person of ordinary skill in the art
famliar with this technol ogy?

A. | -- | amafraid | amnot -- | do not
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under stand the question. \What steps are you
referring to?

Q Ckay. So you had nentioned that you
have to -- when | asked how do you determ ne -- how
does it inpact the SNR when you nove the points,
right, at that point you said: Well, first you --
| can go back and read the transcript. One second.

Yeah. "So first you have to
determ ne the before and after shifting, there's
t he sanme average power. Then you nornalize the
average power, and fromthere you can determ ne the
SNR. "

That was the steps | amtalking
about .

MR. DI XON: Cbj ection, form

A. So a bit nore precisely. Before
after the shifting neans considering the
optim zation problem right? | shift the points to
try to maxim ze capacity at a given SNR

So for every shift, this nunber -- so
this second nonent nust be the sane. Now,
normal i ze means that this nunber is equal to one.
It doesn't need to be equal to one as long as you
fix it and then, as you nobve the points, the points

are noving in a way that this nunber renains
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constant; otherw se, your optim zation doesn't nake
sense. It is not an optim zation for a given SNR
anynor e.

So this nunmber, this second nonent,
at every level of the shifting nust remain constant
or, in other words, inposing the second nonent
equal to one without |oss of generality. W can
al ways choose it equal to one, so normalize, and
t hen adjust the noise power to such that one over
noi se power is equal to the SNR t hat we want.
Because only the ratio counts; it is not the
absol ute value of the nunmerator and denom nator.

Then this is a constraint in the
problem A constraint in the probl em neans that
t he physical solution nust satisfy this constraint.
So if you take like before and after the shifting
as before, say, before the optim zation and after
the optim zation, yes.

If we have optim zed for a given SNR
before the optim zation, after the optim zation,
this second nonent nust be the sane.

| cannot hear you anynore.

Q (BY MR- KHAN:) Thank you. |
appreciate the explanation. | have a sim|lar

guesti on.
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So you have nonuni form
mul ti di mensi onal constellation, say, a
t wo- di nensi onal constellation and you adjust the
spaci ng between the points, how does that inpact
the parallel decoding capacity?

A. Generally speaking, the parallel
decodi ng capacity depends on the constellation and
on the binary labeling. So if you nodified the
position of the point by adjusting their spacing,

t he parallel decoding capacity changes.

Now, whether it increases or it
decreases depends on how you adjust the points,
right?

Q So if you were trying to identify a
constellation that provides a greater parallel
decodi ng capacity, is it typically |ike you just
adj ust the spacing of the points in the
constellation until you get a maxi mnum val ue for the
paral |l el decoding capacity, or is it that or is it
sonet hing el se involved in the process?

MR. DI XON: Objection, form

A. Okay. In full generality, as | said
before, the parallel decoding capacity depends on,
let's say, three things: One is the

signal -to-noise ratio; two, the constell ation;
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three, the binary | abeling of the points of the
constel l ation.

So suppose that we are optim zing the
paral | el decodi ng capacity for given SNR. So the
SNR is fixed, which nmeans, as we said before, that
we can normalize the second nonent of the
constellation to one and then we set the noise
power as one over SNR. So the SNRis fixed to sone
value SNR. That is one constraint.

Then nore than adjusting the spacing
bet ween the points, which is anmbi guous because on
the Claim the spacing between the points can go in
many directions, | would say adjust the position so
the coordi nates of the points, trying to maxi m ze
your objective function, which is the parallel
decodi ng capacity.

How to do it is a different story.
There are several optim zers. The problemis
hi ghly nonconpl ex, nonlinear, so it is a tough
problem for which there are several nethodol ogi es
t hat can be used.

Third, one should also in principles
| ook at the |l abeling. The binary |abeling has an
| npact on the parallel decoding capacity. Having

said that, the optim zation of the [abeling is even
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a nmuch tougher problem because the labeling is
nondi fferenti al .

So, for exanple, techniques based on
stochastic gradient search, sinulated annealing and
things like that that assune sone sort of
differential ability cannot be applied. So it is
customary in, | would say, alnost all works that
were given as exhibits, including the thesis, to
fix the labeling to be so-called binary refl ected
gray or quasi gray.

Gray | abelings are | abelings for
whi ch | abel s of points, nearest nei ghbors' points
differ by a single bit. And it is well-known,
since my original papers and several papers after
that, that these type of |abelings are, | would
say, pragmatically optinmal under the parallel
decodi ng capacity, in the sense that | am not aware
of other type of |abelings that have shown
significant advantages or even small advant ages.

So because the optim zation probl em
is differential with respect to the point
coordi nates and nondifferential with respect to the
| abel i ng, and experience nmany papers, years and
years of sinmulations have shown that this quasi

gray or gray |abelings are essentially optiml,
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what peopl e has done, including the DeGaudenzi, the
thesis, virtually all of the papers that have been
shown, is to fix the labeling to be gray or quasi
gray if gray is not possible and then optim ze the
coordi nates of the points.
(O f-the-record di scussion.)

Q (BY MR KHAN:) Dr. Caire, the
conmmuni cations systens of Clainms 1 and 5, does that
I ncl ude a storage unit?

MR. DI XON: Objection, relevance.

A. | need to read the text.
(Pause.)
A | amafraid | cannot answer to the
guestion. | don't understand what you nmean by

I ncl udi ng a storage.

Q (BY MR KHAN:) The question was
whet her the claim-- the comuni cati on system of
Clainms 1 and 5 includes a storage unit.

MR. DI XON: Objection, form and
rel evance.

A. A fair answer may be that storage
units may be needed in the inplenentation of such
system Virtually any conputer has a storage unit
to receive blocks or receive signal. The LDCP

coder has storage. Firmnare is stored sonewhere.
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So virtually any digital communication system makes
use of some storage units.

If by including a storage unit you
mean |ike a hard disk or a |arge RAM of nenory to
store large portion of the bits or the signal, not
necessarily; it depends. But if we go into the
circuits and dependi ng on how they are inpl enment ed,
general ly speaking, probably yes. It is
| npl enent ati on dependent. But it is hard to think
about how such a system even an LDCP decoder, you
have to store the block of data somewhere to decode
t hem

Q (BY MR KHAN:) The clai mdoesn't
recite an LDCP decoder, right?

A. Well, | think it does. A decoder
coupled to a demapper capable of using the
l'i kel i hood - -

(O f-the-record discussion.)

A. "A decoder coupled to a demapper
capabl e of using the likelihoods determ ned by the
demapper to provide a sequence of received bits
based upon a | ow density parity check (LDCP) code."

So there is a decoder to decode an
LDPC code. This is an LDCP decoder.

Q (BY MR KHAN:) This decoder could
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use -- could use other codes as well, right?

MR. DI XON: Objection, form

A. | don't understand the question.

Q (BY MR. KHAN:) Well, ny
understanding is you are saying that the claimhas
an LDCP decoder because it recites that the decoder
here can provide a sequence of received bits upon
an LDCP code; is that right, even though -- sorry,
essentially even though the claimdoes not
explicitly recite an LDCP decoder?

MR. DI XON: QObjection, form

A So a decoder able to decode an LDPC
code is, by definition, an LDCP decoder. Can one
use the sane decoder to decode another code? |If
t he decoder is a soft -- inplenented in software
like in a software inplenentation, yes, the decoder
I's just a conputer that runs the program [|If you
| oad a different program it wll decode a
di fferent code.

If the decoder is a chip that can do
only one thing because it is highly optim zed to do
one thing, then, no, because a decoder can decode a
class of codes, as it has been designed to decode.
And since this is hardwired on the other side, it

cannot do other things. So | don't know what
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the -- the departnment says a decoder capabl e of
using to decode a | ow density parity check code.

Q (BY MR KHAN:) And earlier | asked
you if the claimsystemincludes a storage unit,
and you said probably, yes. Is that right?

MR. DI XON: Objection, form

A. | said that it is hard to think of a
digital -- a digital receiver, nmeaning by the whole
ensenbl e of processing described here, that does
not have any storage unit. So al nost any digital
recei ver has storage units.

Q (BY MR KHAN:) So to be clear, I'm
not asking about any digital receiver; | am asking
you about the clainmed comruni cati on systemin

Claims 1 and 5.

A. Uh- huh.
Q Does that include a storage unit?
A | believe that is virtually

I npossible to inplenment what is referred here
wi t hout any form of storage unit.
Q And you agree that storage unit is
not recited explicitly in Claim1l or Claim5?
MR. DI XON: Cbj ection, form
A. It is not explicitly referred to

because, | nean --
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Q (BY MR KHAN:) Does Claim 1l and
Claim5 -- sorry, do Claim1l and Claim5 include a
comruni cati on path between the recited receiver and
a transmtter?

MR. DI XON: Objection, relevance.

A. Can you repeat the question? |
didn't understand.

Q (BY MR KHAN:) Sure. Again, |ooking
at the claimstill. So do Clainms 1 and 5 include a
conmuni cation path between the recited receiver and
a transmtter?

MR. DI XON: Objection, relevance.

A. A path between the receiver and the
transmitter -- soin Claiml and 5, there is no
mention of transmtters. So | don't think that it
Is explicitly nentioned, a path between receiver
and transmtter. That in this case would be a
f eedback channel, a controlled feedback channel.
You said fromreceiver to transmtter. So going
backwar d.

Q (BY MR KHAN:) And to be clear, that
f eedback channel is not recited explicitly in the
clainms; is that right?

MR. DI XON: Objection, relevance.

A. In those two clains, it --

Veritext Lega Solutions
215-241-1000 ~ 610-434-8588 ~ 302-571-0510 ~ 202-803-8830

120




© 00 N oo o b~ wWw N P

NCRE SR SR R N T o e e e i o
a A W N P O © 00 N OO 00~ W N ., O

Page 121

Q (BY MR KHAN:) Yeah, Clains 1 and 5.
A. Yeah, in those two clains, it is not

explicitly recited as far as | see.

Q Claim5 uses the term "parallel
decodi ng capacity." What does that nean?
A. In the parallel decoding capacity is

t he capacity of the bitw se channel that we have

di scussed for -- for alnopst the whole norning. So
Is that -- that information that is defined in ny
paper is -- we call it the BICM capacity, and then

sonebody else started calling it parallel decoding
capacity. But they are synonyns.

Q So what is it defining, |ike what is
a parallel decoding capacity defined?

MR. DI XON: Cbj ection, form

A. So if you renenber, we already
expl ai ned how t he demapper reduces these
| i kel i hoods for the bits over the signal |abel.
Now, and how we can thi nk about the channel before
t he mapping and the channel after the demappi ng as
for every | abel position, one bits cone in, zero
one, and one real nunber, its |ikelihood goes out,
and the bits conme in the sane |abel. So a
constellation would be two to the small M points

has a binary label of Mbits that cone in at the
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sane tinme, say, packed in the sanme |abel and spits
M | ikelihoods at the demapper.

So three things: These bitw se
channel s as parallel channels, the sum of the
capacities of each of these channels yields the
paral | el decoding capacity.

Q (BY MR KHAN:) Does increasing the
nunmber of dinmensions in a signal constellation

I npact the parallel decoding capacity of that

si gnal ?
MR. DI XON: Objection, form
A. | think that the question is inposed.
It may or may not. It depends on the
constellation. It depends on the labeling. It
depends, of course, to have -- to respond to the
question, first of all, we have to agree that we

are tal king about capacity expressed as bits per
di mension; otherwise it is not --
(OFf-the-record di scussion.)

A. Bits per dinension. So bit per
di mensi on, otherw se, of course, if | doubled the
di rension and | get nore bit per symbol. But, you
know, you have to normalize bit per dinension. And
t hen, of course, the inpact -- it may inpact, it

may not inpact. It depends what you do, right?

Veritext Lega Solutions
215-241-1000 ~ 610-434-8588 ~ 302-571-0510 ~ 202-803-8830

122




© 00 N o o b~ W N

N T T N T e e
a A W N P O © 0O N O 0o~ W N+, O

Page 123

Q (BY MR KHAN:) Can you give ne one
exanpl e of each one where increasing the nunber of
di mrensi ons does inpact the parallel decoding
capacity and one exanple in which it does not
| npact the parallel decoding capacity?

A. Yeah. So nmeasuring the capacity in
bit per real dinmension, consider the sinple case of
a binary nodulation. So for BPSK you send a zero
as a plus one anplitude. A one is a mnus one
anplitude. And depending on the signal-to-noise
rati o, the capacity is whatever it is. There is a
formul a and you cal cul ate.

Now, for the same signal -to-noise
rati o, we use a QPSK. And now you can send zero
zero, zero one, one zero, one one on a Gaussian
addi ti ve noi se channel, the capacity per rea
di mrension is exactly the sane. O course, the
capacity in ternms of bit per synbol or bit per
synmbol interval doubles because now we are sending
two real dinmension in a synbol interval because we
are exploiting also the imaginary part of the
signal. So we are now nodul ati ng both anplitude
and phase or -- no, anplitude and noise, a QSPK.
So only the phase. O if you want real imaginary

part or interface and other conponents of the other
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carrier.
So we are filling one nore dinension,

but in terns of bit-to-real dinension, the capacity

will be the sanme. Now, an exanple in which the
capacity is not the sanme would be -- let's say not
necessarily the same would be -- would be an

exanple in which the constellation in two

di mensions is not the Cartesian product of two

| denti cal one-di nensional constellations. But in
| abel i ng and position of the points, in this case,
not necessarily the capacity remains the sane.

Ri ght .

(O f-the-record di scussion.)

MR. KHAN: Thank you for the
expl anati on.

Q (BY MR KHAN:) | would like to turn
to Figure 1 --

MR. KHAN: Actually, you know what,
we' ve been going for about an hour twenty m nutes
now. Wuld it be okay we take a break? How about
a five-mnute break then, cone back at 3:55?

MR. DI XON: That worKks.

MR. KHAN: Thank you.

(Wher eupon, a break was had from 3: 49

p.m until 3:58 p.m EDT)
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Q (BY MR KHAN:) So we were talking --
before the break, we were tal king about parall el
decodi ng capacity. And | asked you what it neant.

Is it fair to say that the paralle
decodi ng capacity in the context of Clains 1 and 5
refers to the capacity of the decoder to perform

paral | el decodi ng?

A. No.
Q How woul d you describe it, then?
A. So the parallel decoding capacity is

a property of the channel that goes fromthe bit
| abels to the bitwse |ikelihoods, so it is a
property of the constellation of the |abeling of
the channelling signal-to-noise ratio, for exanple,
and the demapper, although the demapper inplenented
in the optinmal way, so producing |ikelihoods
according to the fornulas that we have seen is
uni quely fixed by the rest, so it's not really a
property of the demapper unless one uses a
suboptimal al gorithm

It's not a property of the decoder.
The decoder can be designed dependi ng on the code,
and in general, the capacity -- in general,
capacity is a property of the channel, it is not a

property of the code.
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The capacity is the best rate you can

achieve with unrestricted coding conplexity, so
when you have sone optimal code, right, it is the
best you can do.

Q So | shoul d probably rephrase ny
guestion a different way. How does a receiver use
a parallel decoding capacity information?

A. How t he receiver uses the parall el

decoding information? 1In a direct sense, in no

specific way. | can elaborate on that if you want.
Q Sure, please.
A. So in a systemas is described in the

patent, based on a plurality of signal
constellations and coding rates, or LDPC codes, if
you want, as it is described, the receiver can be
configured by the transmtter such that the
receiver knows what it is going to receive because
the receiver can receive a certain conbination of
constellation and binary code. So a certain coding
and nodul ati on schene.

We have a library of coded and
nodul ati on schenmes. All together, the receiver is
I nstructed by the transmtter through control
mechani snms that are not explicitly described here.

So as long as the receiver can
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operate according to any of the nodes specified in
these plurality, then the transmtter will instruct
the receiver what to do before sending. And this
Is done in like virtually any -- any nodern
conmuni cation systemthat uses a plurality of
codi ng rates and constell ations does this.

Q Okay. And I'msorry. How does
paral | el decoding capacity fit in here?

A Wll, it isalittle bit indirect.
So we know the disclosure here tal ks about the
plurality of different nonuniform nultidinmensional
synmbol constellation where every nenber of this
plurality provides a greater parallel decoding
capacity at a specified SNR than other nmenbers in
the plurality.

So the way a system of this kind
would work is that through sone control mechani sm
for exanple, probing, previous information -- this
can conme fromdifferent ways, depending on the
operating SNR of the receiver, which may depend on
where the receiver is or the distance being
transmtted on the receiver, the best schene is
sel ected for that operating SNR, and then the
transmtter uses the scheme and the receiver uses

t he schenme to receive.
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So there is normally an agreenent
phase in which the receiver nust know what the
transmtter is doing, and this agreenent is done in
many ways, as long as the transmtter and receiver
agree on what to use. And what to choose for every
range of SNR is the nmenber in the plurality of
constellations that gives the best capacity.

This basically is how an adaptive
coded nodul ati on scheme would work. W Fi does the
sane and LTE does the same. 3G does the same, 5G
does the sane. So -- nmany systens --

Q And how does parallel decoding
capacity fit in?

Let ne rephrase that. Sorry. Let ne
be a little nore precise.

A Yes.

Q You descri bed a control nmechani sm
t hrough which information is sent fromthe
transmtter to the receiver and has a bunch of
I nformation, and the transmtter and receiver wll
be configured accordingly. | understand that. And
that can be adaptive in nature. | understand that.

But ny original question was rel ated
specifically how parallel decoding capacity fits

into the scheme. And | didn't hear you say
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anyt hi ng about that.

So ny question, again, is how does
paral | el decoding capacity fit into this --

A. Well, this plurality of
constellations is designing a way that for -- in
di fferent ranges of SNR, you have one nenber of the
constellation that gives the best parallel decoding
capacity in this -- anong the plurality.

So basically you have an operating
range of SNRs for which you use constellation and
codi ng, Nunber 1. Open range of SNR is Nunber 2,
etcetera, etcetera, so the parallel decoding
capacity is used as a design criteria, as an
optim zation criterion.

Once you have frozen your set of

constel l ati ons and coding rates, since the

parallel -- now you have |like a one-to-one nmappi ng,
so you map SNRinto -- this is one way of doing
things. It's not witten here.

The only thing that's witten here is
that the exanple, so the plurality of different
nonuni f orm nul ti di mensi onal synmbol constellations
I's capable of providing a greater parallel of
decodi ng capacity at that specific SNR than the

ot her synbol constellations in the plurality of
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mul tidi mensi onal synbol constellations at the sane
SNR.
(Pause.)

Q (BY MR. KHAN:) When you add the
systemto the transmtter and receiver and the
receiver receives a signal, and then it w|l
performthe denodul at or, demapper and decoder
system that signal that it receives, it is not
going to be -- sorry, receives and processes in
t hose steps, is not going to be identical to the

signal that is sent by the transmtter; is that

correct?
MR. DI XON: Objection. Form and
rel evance.
A. CGenerally speaking, it is not to
be -- it is not going to be identical because of
the noise of -- effects of the channel. So it

depends on the channel.
Q. (BY MR. KHAN:) Yeah. And so the --
t he denodul ator, demapper and decoder are
effectively processing that signal that's received
to essentially reconstruct the data signal at the
receiver; is that right?
MR. DI XON: Objection, form and

rel evance.
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A. Yes. They're all of the --
denodul at or, demapper and decoder is to recover the
information bits that were sent by the transmtter

Q (BY MR KHAN:) Is it possible for
the constellations that are determ ned on the
receiver, fromthe signal that's received, to be
different fromthe constellations that are part of
the signal that was originally transmtted fromthe
transmtter?

MR. DI XON: Objection, form and

rel evance.
A. | do not understand the question.
Q. (BY MR. KHAN:) Okay. So ny

understanding is that when a signal is received,
| i ke we've discussed, it's not identical to the
signal that's initially transmtted by the
transmtter. And so the receiver will then process
the received signal and try to extract the data.
And in doing so will basically use the type of
constellations and try to determ ne the | ocation of
the synmbols and bits in the received signal; is
that right?

MR. DI XON: Cbj ection, form and
rel evance.

A. Not -- not conpletely right.
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Q (BY MR KHAN:) Okay.

A Not conpletely.

Q Pl ease feel free to correct ne.

A Okay. Okay. So the receiver, as an
exanple, but in particular the demapper -- let's
focus on the demapper -- nust know these fanous

probabilities that we have seen, probability of the
received sanple Y given the transmtted -- a
postul ated transm tted synbol X

This is obtained through a
mat hemati cal expression that represents what the
channel does to the signal. So this probability is
called a transition probability of the channel,
I nput X, output Y. So POY given Xis a
di stribution of the output given the input.

Of course, the input is not known.
If the receiver knows X already, then the gane is
over, right? The receiver has to sonehow guess.
But, in fact, it does not guess X

VWhat the receiver needs to know is
the expression of that transition of probability,
calculate the |ikelihoods of the binary bits that
| abel all possible synbols of the constellation,
cal cul ate those |ikelihoods, send themto the

decoder and let the decoder figure out directly the
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I nformation bits.

Now, in order for this to be
possi bl e, the receiver nmust know what
constellation, including the position of the points
and the | abeling has been sent. O herw se the
receiver is m smatched.

For exanple, if |I speak Italian and
you can only understand English, | may say the
right thing but your receiver does not have the
code, does not have the know edge to decode, right?

In particular, in order to wite
these probabilities, you nust know, the receiver or
t he demapper -- the denodul ator is nore general,
right, it has only to produce Y. There's other
t hi ngs, frequency translation, phase
synchroni zation, timng synchronization, all this
I s standard operation that the denodul at or does.

But after that when it extracts the
conpl ex synmbol Y fromthe denodul ator, we have to
cal culate these likelihoods. And this requires the
know edge of the signal set, so the constellation
and | abeling that was transmtted. O herw se we
have a m smat ched receiver, and the m smatched
receiver is going to produce garbage because it's

m smat ched.
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The decoder is going to make a | ot of
errors because a m smatched decoder and m smat ched
receiver probably is not going to performwell,
right?

So that know edge is |like, what |
sai d before, agreeing between transnmtter and
recei ver what was sent. |t doesn't nmean that what
Is received at Y is an unnodified sanple, it would
be too easy, right, then you could just do it
wi t hout any coding. W have to undo the effect of
t he channel, we have to undo the effect of the
noi se.

But this know edge, this conmon
know edge is needed so that the demapper does the
operation it's supposed to do. Wthout this
know edge, we have a m smatched decoder, and the
m smat ched decoder may nake many nore errors than
what it's supposed to do.

Q (BY MR KHAN:) Yeah. | wanted to
turn to Figure 5 of the '777 --

A. 5?

Q Yeah, ' 777 Patent.

A. Figure 5 of the patent?
Q Yeah.

A O the '700 Patent?
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Q Yep.

A. Ckay. One second.
(Pause.)

A Okay.

(BY MR KHAN:) And | shoul d ask,
before | nove on, we have had a coupl e of breaks
today. Have you spoken to Constellation's counsel
during any of these breaks?

A No.

Q Ckay. Thank you.

At a high level, can you descri be
what Figure 5 is generally disclosing?

A. Yes. This figure is disclosing a
flow chart of an optim zation where the input is
the constellation size, so the nunber of points and
the desired capacity. It is the target capacity at
whi ch we want to work. And the flow chart
descri bes rather general optim zation cycle for
which, first of all, a check on the validity of
this input paraneter is made.

Of course, eta nust be less than the
maxi mum possi ble rate that -- end point
constellation can carry, which is locked to N bits.
Then an SNR, a tentative initial SNR is set, which

I's given by the SNR at which the Gaussian capacity
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Is equal to eta. Then for that target SNR, the

M Ary constellation is optimzed. So the
constellation is optimzed for that target SNR.  So
SNR in equal to SNR out. This gives a certain
capacity.

Now, this capacity could be -- is
unspecified here. It could be parallel, equal in
capacity or sinply the constellation capacity,
which is the capacity of the signal set. This
gi ves a new SNR out.

A test is made if any inprovenent was
made. |If no nore inprovenents, or the inprovenent
Is less than sonme Epsilon, then we accept the
result. O herwise, this result is fed back and an
Iteration is repeated until the condition is net.

So this flow chart at a very high
| evel describes a way to actually mnimze SNR to
achieve a certain rate, a target baggage rate. And
since capacity is nonotonically increasing
functional SNR, minimzing SNR for a certain rate
or maxim zing capacity for a given SNR is
equi valent in the sense that the |ocus of these
points, if | sweep over a range of rates or a range
of SNRs, gives the sane curve.

So it's two different ways of doing
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the optimzation. One is fix SNR and maxim ze the
capacity or fix the rate and m nim ze SNR

Q (BY MR KHAN:) And the last step is
t he output of the constellation, is that referring
to when the transmtter outputs the constell ation
and sends it out?

A. The | ast step, output constellation,
this would be the optim zed constellation. This is
a flow chart for output constellation, this is how
you design the constellation. Then when you
have -- you repeat these for several different
rates, you select your exanple, whatever it is
called in the patent, not collection, not exanple,
they say plurality, right? And then you use it so

that the optim zation is not performed online

during the run tinme. It is when you design the
system

Q Yeah, | guess ny question was the --
this -- this inplement -- this nethod that we see
in Figure 5 --

A. Uh- huh.

Q -- it ends with an out put

constellation step, right; do you agree with that?
A. It ends with the output

constellation. So -- but the output constellation
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neans it is the output of the optim zation method

is a constell ati on.

Q Yeah.
A. So it is output -- it is not an
adj ective, it is a verb. It is the nethod, output

of constellation.

Q Ckay. And who outputs the
constellation?

A. Well, the optim zation nethod.

Q The nethod includes steps, but it
doesn't performthe steps, right? Wo is
perform ng the steps?

A. | don't understand the question.

This is a flow chart.

Q Yeah.
A. A flow chart is a sequence of actions
with possible recursive -- in --
THE REPORTER: | can't understand

you. Wth possible what?
A. Recur si ons. It's |i ke recurrent,
recursion.

THE REPORTER: Recurrences?

A. Yeah, in softer |anguage, in people
who do -- a recursive algorithmis an algorithm
t hat goes back on itself, like iterative, right?
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THE REPORTER: Okay. | think |'ve
got the word now. Thank you.
Q (BY MR KHAN:) So | understand that
Figure 5 is showing the flow chart. M question
was who was inplenmenting this nmethod that you see

in Figure 5?

A. Who is in the sense of a person or a
machi ne?

Q That is -- that's what |'m asking
you.

A. So a system designer would inplenent,

turn this flow chart into a code, use the
optim zation code to design constellations and then
have this as a result. Pick for every range of SNR
the best constellation and build the correspondi ng
plurality. And this would be how you design the
system
THE REPORTER: Hold on just a second.
I think M. Khan is frozen.
A Yeah, | see that.
(O f-the-record di scussion.)
Q (BY MR KHAN:) So Figure 5 shows a
flow chart. Wo or what inplenents the nethod
shown in Figure 57

A. Okay. So who, | don't know. Anybody
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who wants to design a system as described in this
patent can follow this nmethod, which neans take the
flow chart, wite a code that operates according to
this flow chart, pick several choices for the
paranmeter eta and M design the code that woul d
generate resulting constellations and then conpare
themin terms of which one yields the | argest
paral | el decoding capacity in which interval SNR
and create this -- whatever it is called in the
patent, multiplicity of constellations or exanple
of -- 1 would call it exanple of constellations.
So this describes a possible

optim zation that one woul d use repeatedly to
desi gn an exanple of constellations with these
properties.

Q So what device woul d be executing
this code to generate the resulting constellation?

A. Wwell, first of all, because the
constellations are optim zed, so you need an
optim zation. The optimzation is iterative. And
this is a possible way to do these optim zati ons.

Even in this flow chart, there are

several options, because optimze MAry
constellation for SNRin to Block 56, this, even in

the patent, is witten it can be done in many ways.
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Because for a nonconvex problemlike this one,
there are several approaches for optim zing, right?
Depends on the constraints, it depends on what you
want to do.

But this is a general approach, a
general, say, structure of a possible optim zation
code to performthis design, to design an exanple
of constellations.

Q | understand, but that wasn't ny
question. M question was what device woul d be
executing this code to generate the output
constel l ation?

A. | thought it was who. So what
person. But what device? Okay. So these would be

any conputer that ran sone progranm ng | anguage in

which this code can actually be witten. | don't
know. | can do it in Python. Sonebody else can do
it in MATLAB. It is a comon programm ng | anguage

for scientific cal culus conputation.

Q Wth the computer that you just
menti oned, would this conmputer be the receiver or
would it be the transmtter?

A No. Not at all. As | said before,
this optim zation is perforned offline. It is at

the tinme of design of the constellations, not at
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the time of transm ssion and reception.

So this could be a laptop, this could
be a main frame, this could be whatever you want to
use to run your optim zation and design your
plurality of constellations. This optim zation is
not performed at the run tinme, the run time, as you
use the system

Q | see. So the optim zation is not
perfornmed by the receiver or the transmtter; it's
sone ot her conputer that's designing the

conmmuni cati ons between --

A. Exactly.

Q. | see.

A. Exactly. So the optim zation is
perfornmed offline. It determnes plurality of

constellations with those properties. Once this
plurality is frozen, is agreed upon, one can put it
into a standard -- at the end, the transmtter may
only choose one out of the plurality, depending on
what the system wants to do, depending on what rate

you want to transmt, what is your SNR, etcetera.

Q And going back to Colum 13, of the
'700 Patent --

A. Uh- huh.

Q -- the patent says that: The
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conplexity of the optimzation step grows
exponentially in the nunber of dinmensions as does
the conplexity of the resulting receiver demapper.
Such constructions constitute enbodi nents of the

I nvention, etcetera.

Do you see that?

A Yep.

Q Okay. Why does the conplexity of the
resulting receiver demapper increase exponentially?

A. Okay. That's very difficult to
expl ai n.

Q | can ask a --

A. | can explain it. | can explain, but

| need a little bit of tine.

Q Ckay.

A. So suppose -- suppose that you have a
certain PAM constellation with, let's say, just to
be practical, sixteen points. So your sixteen
poi nts nmeans that the | abels are four by four bits,
because two to the four is sixteen.

So the demapper nust construct a four
| i kel i hoods for these four bits, and every
i kel i hood, as we have seen, is forned by the sum
of probabilities and how nmany elenents in this sum

In this case, it will be eight
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el enments. \Why eight? Because for every bit

posi tion, we have exactly eight points for which
this bit is a one, and eight points, the conpl enent
ei ght points for which this bit is a zero.

And since you have to formthe
| i kel i hood for zero and one, at the end, you end up
maki ng the sum of sixteen terns. Every probability
Is atermin the sum

So now suppose that we go to a
constellation which is a two-di nensi onal
constellation wth the sane nunber of point per
di mrension, so we go to a sixteen by sixteen. So
this will be at two hundred fifty-six point
constellation on the plane. And suppose that this
constellation is not an orthogonolized sixteen
poi nt by sixteen point.

So now we need to conpute two hundred
fifty-six terms. And then rearrange themin the
suns because we do not have this deconposability.

So we go from sixteen terns to
si xteen square. And if we keep going like this for
any new di nensi on, w thout the deconposability
property, say we go to three dinension, we would go
to sixteen to the Q And then sixteen to the

fourth. And this is an exponential grow h.
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If we do have deconposability, so we
| npose as a constraint of our optimzation problem
the orthogonalized form then the growh is |inear
because we need to conpute sixteen plus sixteen,
whi ch neans two tinmes sixteen and then three tines
si xteen, four tinmes sixteen.

So the coefficient -- did | nention
the coefficient instead of being in the exponent is
multiplicative so we have linear growth, right?

And linear gromth is very good, is basically the
best you can do. Exponential is very bad.

Q In -- flipping over to your
decl arati on, second declaration, Exhibit 2025. In
Paragraph 4, the | ast sentence, you state: This
di scl osure of Barsoum conveys to the POSITA t hat
t he patent owner was in possession of a system as
recited in the challenged cl ai ns.

A. Thi s discl osure of Barsoum conveys to
the POSI TA that the patent owner was in possession
of a systemas recited in the chall enged cl ai ns.

Q Thank you for that. What does it
mean to be in possession of a systenf

A. In this context, | believe that in
possession of a system neans to be in possession of

a plurality of constellations, a denodul ator,
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demapper and decoder that perforns the operation
described in the disclosure.

However, this systemcould be a
software inplementation. |t doesn't necessarily
correspond to a piece of hardware. For exanple, a
system a communi cation system can be sinmulated, it
can be sinulated in software and perform exactly
the operations. And this is not for -- for a
patent. It is not witten anywhere that the patent
corresponds to a piece of hardware, also because
t he hardware today is probably a piece of software
executed in a highly efficient hardware.

Most of the nodens are soft nopdens
that operate in so-called softer radi o approach, so
the distinction between software and hardware is
nmore and nore vague.

Therefore, | assunme that these people
t hat descri be the system and publish results about
Its performances have at | east the code that
perforns the operation described in the disclosure.

Q So when you say possession of a
system is that |ike sonmebody who has bought the
systemor is using the system the clained
conmuni cati on systenf?

A. Most probably they have written the
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software that does whatever is described there. |If
t hey publish the results, they have, you know,

generated the result in sone way, this neans having

a piece of code that will generate these results.
Q So if you have the code, you possess
t he systenf
A. Yeah.

(Exhi bit 1030, having been previously
mar ked for identification, was
referenced in this deposition.)
Q (BY MR KHAN:) Okay. | wanted to
turn to the Exhibit 1030, 1030. That is the
Fuentes PhD thesi s.

A. Okay.

Q Do you have that in front of you?
A. | do have it, yes.

Q Do you have a cl ean copy?

A Yes.

Q Geat. Oherwse it is in the

exhibit portal if you would li ke, an electronic
ver si on.

A. If you want to share it on the
screen, maybe we can see the sane thing.
O herw se --

Q Okay. Okay. Can you see ny screen?
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A. Yeah, it is com ng.

Q Al right. You see Figure 1.2 in the
Fuentes reference; do you see that?

A. Yes.

Q It has three images. The one on the
left is a uniformQAM The one in the mddle is a
1D-64NUC. And the one on the right is a 2D 64NUC;
s that right?

A This is what is witten in the
caption, yes.

Q The image in the mddle, which is the
1D-64NUC, why is it called 1D-64NUC, 1D as in
one-di nensi onal ?

MR. DI XON: Objection, form

A. This is the term nology used in this
thesis as well as in sone other docunents, and it
Is a termnology that | don't necessarily agree
with because, technically speaking, these are
points in the conplex plane. So they are two
di mrensi onal points with a real and inmaginary part
or an anplitude and phase.

The reason why it is coded this way
Is that this constellation is fornmed by taking the
real part and the inmaginary part froma

one-di nrensi onal PAM constel |l ati on and
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orthogonalizing or, nore precisely, creating a
Cartesian product where the two conponents are al
t he possible conbinations fromthe first
constellation in the real part and the second
constellation in the imaginary part.

So | don't agree with this
term nol ogy, but this is the term nol ogy that they
choose to use in this thesis, and this is the way
the term nol ogy was adopted in certain standards.
And so it is probably a good idea to keep the
term nology at this time just for sense of clarity.

Technically speaking, this is points
on a conpl ex plane, and they are real parts,

I magi nary parts or anplitude and phase. So that is
a QAM constellation. And, therefore, is
t wo-di nensional, no matter how it is created.

Q (BY MR KHAN:) On Page 21, the next
page, where it says reference, Fuentes says that --
this is the fourth line fromthe top, it says: The
conplexities with QAM constell ations and 1D NUCs
can be drastically reduced by using a
one-di mensi onal demapper, thanks to the squared
shape of the constellations. This demapper,
nevert hel ess, cannot be used with 2D NUCs, peri od.

Do you see that?
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A. Yes.

Q Why can t he one-di nensi onal demapper
be used for 1D-NUC but not for the 2D NUC?

A. Well, first of all, this statenent is
not conpletely correct because this property is not
only a property of the constellation but al so of
the labeling. So two conditions nust exist, is
that the constellation nust be a Cartesian product,
and the | abeling nust also be a Cartesian product.

If I take even a uniformy spaced QAM
and | do a labeling that is not a Cartesian
product, the demapper would be full conplexity, all
the points as we have di scussed before.

When these two conditions hold, then
because of this Cartesian product structure or
orthogonal i zati on structure, if you want, the
demapper can operate separately on the real and
I mgi nary part. So you have, in fact, two parall el
demappers operating on the real and inmaginary part.
So we go fromthat exponential to |inear
conplexity. In other words, in our -- in this
specific case, instead of having to conpute two
hundred -- what was this, sixty-four, sorry,
sixty-four ternms in our demapper, we would only

conpute sixteen plus sixteen.
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And in addition, this sixteen plus
Si Xxteen can be done in parallel, nmeaning that you
have one demapper operating the real part of
conputing the sixteen terns, one demapper operating
on the imaginary part to conpute sixteen ternms. So
there is a drastic reduction of nunber of
operations and al so execution tinme because you can
paral lelize the operations instead of serialize.
So that is why.

But a correct statement would al so
i ncl ude the | abeling, sorry. However, in this
thesis, it is said that the labeling is gray, gray
| abel ing or so-called binary reflective gray
| abeling. So basically it is always given for
granted that the labeling is fixed and has this
property. That is why probably this is not said

explicitly here.

Q | am going back to Figure 1.2.
A Uh- huh.
Q The i mage on the right-hand side,

that is a 64 point nonuniformconstellation, right?
A. Ri ght .
Q The image in the mddle is also a 64
poi nt nonuni form constellation, right?

A. That's correct.
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Q And in your opinion, both of those
are two-dinensional; is that right?
A. Yes. They are points on the plane,

so they are two-di nensional.

Q Sorry. Sorry. One second. Sorry.
Can you see ny screen again?

A Yes, | can.

Q Okay. | am |l ooking at Figure 1.2
again. The figure on the left, that is a QAM

right?

A. Correct.

Q And the figure in the mddle is a
QAM right?

A. The figure in the mddle is a -- |

didn't understand.

Q AAM QAM QAW

A. All these three figures are QAM  QAM
means quadrature anplitude nodul ati on, which neans
t hat the nodul ate, the anplitude of the carrier in
quadr ature of phase, which neans you are nodul ating
the anplitude of cosine and the sine. So any
constellation nmade of points in the plane can be
transmtted by nodul ating the anplitude of two
carriers' signals at the sane frequency in phase

guadrature. That is why it is called QAWM That is
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Q Ckay. The difference between these
three, the center one and the right one -- sorry,
the center image and the right image is they have
been optim zed differently; is that right?

A The one in the center and the one on
the right, yes, they are optimzed in a different
way .

Q Goi ng back to the clainms, Claim1 of
the ' 700 patent --

A Okay.
Q Sorry. | amin Claim5. So Claimb5.
A Yes.
Q Claimb5 recites: Werein each of the

plurality of different nonuniform nultidi mensional
synbol constell ations.
Do you see that?

A. Yes.

Q Do each of the plurality of different
nonuni form nul ti di nensi onal synbol constell ations
have to have the same nunber of constellation
poi nts?

A. Frankly, this is a point on which the
patent is not so clear, because here is witten the

comuni cation systemof Claiml. In Claimlit is
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witten: Plurality of nultidi nensional synbol
constellation conprises a plurality of different
nonuni form nul ti di nensi onal synbol constell ations
havi ng the same nunber of constellation points.

Neverthel ess, in the follow ng
claims, we see the comrmuni cation systemin Claim1
wherein, and then we see sixteen points. And then
we see sixty-four points and then two hundred
fifty-six points and then one thousand twenty-four
poi nts.

So ny interpretation is that for
every nunber of points, you have a plurality. The
plurality, the plurality basically consists of
changi ng the position of those points, such that
you have -- for every given scenario, you have an
optim zed constellation. But then the foll ow ng
pl anes hint to the fact that there are several
pluralities, sixty-four points, sixteen points, two
hundred fifty-six points, one hundred twenty-four
poi nts.

So since |, frankly, do not exactly
know what the -- we may imagi ne that we have
several pluralities, as described by Clains 2, 3,
4, 5 -- no, 2, 3 and 4, which also corresponds to

sone of the plots, |ike, for exanple, in these
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pl ots, we have these loci of points, like, for
exanpl e, Page 36, Figure 16B or all these other
figures, we see |loci of points versus capacity. So
for exanple, Figure 16A, thirty-two optim zed for
joint capacity. And then we see the loci of the
thirty-two points versus the capacity.

(O f-the-record di scussion.)

A And in Figure 16B we have PAM 32
optim zed for parallel decoding capacity, where
this diagram of the position of the points is
represented versus SNR

So it seens to nme that this shows the
best position of the point for every SNR for
thirty-two points. And then you have anot her one
for sixteen points and then you have another one
for whatever.

And when you alternalize, you have
the square of that.

Q So Dr. Caire, | just request that we
j ust answer the question that | had asked. Sorry.

My question was really focused on
Claim5 and what -- whether -- | will repeat the
question. Wether Claim5 says the plurality of
di fferent nonuni form nul tidi mensi onal synbol

constell ations, whether that plurality has the sanme
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number of constellation points. Now, from what |
under st ood your answer was, it is not clear. | t
could be or it could not be.

But | don't want to put words in your
nouth. So can you -- can you confirmthat that was
the correct understanding or if there is a

di fferent understandi ng?

A | confirmthat, in my opinion, it is
not cl ear.
Q I n your previous answer you had cited

to Figure 16A and 16B; is that right?

A Yes.
Q Woul d you agree with ne that Figure
16A and 16B are one-di nensional -- related to

one-di nensi onal PAM constel |l ati ons?
MR. DI XON: Objection, form

A. Well, it is witten on the figure, so
that is undeni abl e.

Q (BY MR KHAN:) Wuld you agree with
me that Clains 1 and 5 are directed to nonuniform
mul ti di mensi onal synbol constell ations?

A. Again, it is witten in the claim so
they refer to nonuniform nultidi mensional synbol
constellations. And one way to build these

constellations is to orthogonalize, so it's one way
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of doing it. It is also discussed in ny -- what is
called, ny statenent.

Q Thank you, Dr. Caire. | will just
request again to just answer the question, please.
| am aware of what is in your declaration, so |
appreciate that. You know, to the extent you would
like to clarify, that is fine. But if you have
answered the question, then | just request you stop
t here.

Okay. Now, earlier you had nentioned

that the configurations that are used in
comruni cati on systens between transmtters and
receivers are adaptive in nature.

Do you recall that?

A. Yeah, | said they may be.

Q Yeah, so they can be adaptive in
nat ur e.

A. They can be.

Q Ckay. Do you think that the

comruni cation systemin Clains 1 and 5 can be an
adapti ve systenf

A. Absol utely. A comruni cati on system
described in Claim1l and 5 describes a system for
whi ch the constellation and the code can be chosen,

dependi ng on various criterion. But basically
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mainly on the operating SNR and the rate we want to
achieve. And this is the definition of adaptation.

If the system was not adaptive, there
was no need for a plurality of constell ations.

MR. DI XON: We have been going for
about an hour and a half. Do you think it would be
a good tine to take a break?

MR. KHAN: Yeah, sure. Sorry | got
carried away. Yeah. Yeah. Happy to take a
five-mnute break. O Dr. Caire, if you would |ike
| onger, that is fine too. It is okay with ne.

A. That is fine. No problem

MR. KHAN: All right. Should we
reconvene at 5:36 p.m?

MR. DI XON:  Sure.

MR. KHAN: Thanks.

(Wher eupon, a break was had from 5: 31

p.m until 5:37 p.m EDT)

Q (BY MR KHAN:) So by rules, we have
to keep this under seven hours, so we are into the
| ast hour. | prom se you, this is comng to an end
soon. But thank you for your tinme again today.
appreciate it.

A couple of questions. Right before

the break, we were tal king about the adaptability
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of the communication systens. So the claimrecites
a plurality of multidi nmensional synbol
constell ations, excuse ne. Does that plurality of
mul ti di mensi onal synbol constell ations include
synbol constell ations over a | arge course of tine,
over a certain time period? O is that that one
particul ar instance?

A. | don't quite --

MR. DI XON: Object to form

A. -- understand the questi on.

Q. (BY MR KHAN:) I'msorry. \Wat was
t he answer?

A The answer is that | do not
under st and t he questi on.

Q | see. So maybe | can paint the
situation out.

You had said that, you know, the
system can adapt; at different tinmes it wll be
using different, you know, constellations. And so
| i magi ne over the course of time, one year or
however |ong, you will have a whole set of

different plurality of synbol constellations that

you have been -- that you have used, right?
A. ( Noddi ng.)
Q So the question is, the plurality of
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mul ti di mensi onal synbol constellations that is
recited in Clains 1 and 5, does that refer to all
of those constellations over a tinme period or a
subset of that?

MR. DI XON: Objection, form

A. Okay. So there is no reference on
how adaptivity is obtained and over which tine
hori zon. But let nme give you a few exanpl es.

So an adaptive conmuni cation system
is a systemthat can change the transm ssion, say,
coded nodul ati on schene dependi ng on needs. Now,
what are those needs? |t depends on the system

For exanple, suppose that we have a
systemthat scales on different time franes,
different set of users. Sone users are fixed users
and have a large dish antenna or sonething |ike
that, so they enjoy a |large SNR because they have a
good ant enna.

Ot her users are nobile users and they
have a small portable |ike handset antenna. And
maybe they are in a car or, you know, they are
nobil e, so their channel is |ess good.

So the system may, dependi ng on how
many users of one type, how many users on the other

type, request of what type of traffic, high
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definition video versus |ow definition video,
decide that this frame is going to use this coding
nodul ation schenme and this other frame is using
this other coded nodul ati on scheme and so on and so
forth.

In this case, for every frane, there
Is a preanble that all receiver can be called that
says this frane uses this schene, and then the
recei ver that can decode these schenmes wll apply
t he correspondi ng coded nodul ati on schenmes to

decode the data, which is called the payload in the

frane.

The next frame, it could be after ten
mlliseconds or one second, depending on what kind
of standards we are tal king about. So it could be

very fast or medium |t could be dedicated to
anot her set of users and use another elenent in
your plurality. And so on and so forth.

So this would be an adaptive system
t hat, depending on traffic conditions, different
type of users on different frames and serve them
with different coding nodul ation schenes.

Anot her exanpl e could be what is then
today in, for exanple, 5G or WFi where the

adaptation is based on channel state information
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that conmes fromthe uplink. So the users send
their signal in the uplink, the access point,
measure the quality of the channel. And so we know
we can serve this user with this schenme, that user
with that schenme, and depending again on traffic,

it is going to instruct what to do, what the next
frame will be, and the users decode whatever they
are supposed to decode.

So in one case, in the second case,
for exanple, the adaptivity nay be dictated by
channel state information. The first case may be
nore applicable to a broadcast system where there
I's not necessarily an individual feedback channel
and the adaptation is used sinply by statistical
properties like the system knows that seventy
percent of the users are fixed, thirty percent of
the users are nobile and the fixed user receives a
hi gh definition TV and the nobil e user receives
standard definition TV, just an exanple. So based
on this mcroscopic traffic activity that can be
nmeasured, the system scales the frames and the
users they appropriate coded nodul ati on schenes.

So the adaptation in a sense can be
fast, alternating different type of coded

nodul ati on schenes at the frame rate, which can be
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as fast as ten mlliseconds, for exanple. But the

paranmeters that dictate these adaptati ons can be

low, like traffic conditions, or very fast, like
al nost i nstantaneous or |ike instantaneous
information, like in WFi.

Q Yeah, thank you. So | think

under st and what you are sayi ng.

But | wanted to ask nmy question
sonmewhat to be maybe to be a little clearer. The
claimrecites the plurality of nultidinmensional
synmbol constellations, and it also says that the
demapper selects a nultidimensional synbol
constellation froma plurality of nultidi mensional
synbol constellations. The question was that at
that plurality of multidinensional synbol
constellations, is that sonmething that is basically
coll ected over tinme, you know, and then just one of
themis selected like -- like what is that body of
plurality of multidinmensional synbol
constell ati ons?

MR. DI XON: Objection, form

A. It is like a library. The system
I ncludes a |ibrary of possible constellations and
codes. This is called a coding and nodul ati on

schene. We have a collection of schenes, and
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dependi ng on what | expl ai ned before, one is used
in this frame, the next one maybe is used in the
next frame and so on and so forth.

So the multiplexing -- the
mul tiplexing of this plurality over tinme, frequency
and sonetinmes even over space when nultiple antenna
techni ques are used, but this is not described in
this patent, is a different problem is a different
I ssue. How you multiplex this plurality over tine,
frequency and space is part of the adaptation
mechani sm and the nmultipl exi ng techniques. As |ong
as you have this library and adaptivity or, you
know, dependi ng on various circunstances, elenents
in this library are used.

Q (BY MR KHAN:) | see. So within
this library of multidinmensional synbol
constellations, there's also a subset of different
nonuni f orm synbol constellations that have the sane
nunmber of constellation points?

A. This is my understandi ng.

Q | see. And so when the -- in Claim
5, when you have the, you know, the plurality of
di fferent nonuni form synbol constellations, it is
capabl e of providing a greater parallel decoding

capacity than all the other synbol constell ations
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in that library, right? How does it do that when
the library has a sort of a collection of
everything -- all the different possible
constellations? How does it figure out --
MR. DI XON: Objection to form

Q (BY MR KHAN:) So to be clear, how
does it figure out that it is greater than
everything else that is in the library?

MR. DI XON: Objection to form

A. How? By conpari son. Every
constell ation, which nmeans position of the points,
nunmber of points, |abeling has a parallel decoding
capacity curve as a function of SNR  You | ook at
all the curves, and you see the one that is on top
of all the others for each SNR. So you take |ike
t he upper and the | ower of these curves, and these
curves, they intersect. So one is on top of all
the others in a certain interval SNR;, another one
Is on top of all the others in another interval SNR
and so on and so forth, and this is what is witten
her e.

Q (BY MR KHAN:) | see. |If | could
direct your attention to Figure 4A of the patent.

A. 4A? Yes.

Q In Figure 4a, you see there is
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letters B, X and Y?
A. Yes.
Q Do you know what those nmean?
MR. DI XON: Objection, relevance.
A. Well, | assunme B is a binary input.
X is the constellation point. Y is the received
signal, the output of the channel.
Q (BY MR. KHAN:) Ckay.
MR. KHAN: No further questions for
me. Thank you very nmuch, Dr. Caire.

A Okay.
MR. DI XON: Can we please take a
qui ck break? | think we'll have a very short
redirect, and then hopefully we'll be done.

MR. KHAN: Okay.
(Wher eupon, a break was had from 5:59

p.m until 6:00 p.m EDT)

EXAM NATI ON BY MR. DI XON:

Q Dr. Caire, thanks for hanging on for
alittle bit longer. | just have a couple of
guestions, and to keep this on the shorter side,
"1l ask that you just respond yes, no or ask for a
clarification if you can't give a yes or no.

A Okay.
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Q Do you recall M. Khan aski ng whet her
or not each of the plurality of different
mul ti di mensi onal synmbol constellations have to have
t he same nunber of constellation points?

A Yes.

Q Can you please read the limtation of
Claim 1l that appears at Colum 13, Lines 58 through
61 of the '700 Patent? So that's Exhibit 1001.

A. From t he begi nni ng?

Q So starting fromthe begi nning of
Line 58 on Colum 13.

A. Okay.
Q Through Line 61.
A. So: Vherein the plurality of

mul ti di mensi onal synbol constellations conprises a
plurality of different nonuniform nultidinmensional
synbol constell ati ons having the sane nunber of
constellation points, where the constellation
poi nts are nonuniformy spaced in each degree of
freedom avail able to the nul tidi nmensional synbol
constel |l ati ons.

Q So that limtation states that the
plurality of nultidinmensional synbol constellations
have the sanme nunber of constellation points,

right?
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A Yes.

Q So taking that a step further, each
of the plurality of different nonuniform
mul ti di mensi onal synbol constellations have the

sanme nunber of constellation points in Claiml,

right?
A | do not understand what each of the
plurality neans. It can nean two different things.
Q What do you nean by it can nean two

different things?

A. Well, it may nmean that we have
different pluralities but the nunber of
constellation points is the sane across all the
pluralities or we have different sets of
constell ati on, each one of which is called a
plurality and each one which has, anong inside the
set, the sane nunber of points, but across
different pluralities, we have different set of
poi nts.

And | tend to agree with the second
versi on because the rest of the patent talks
explicitly about sixteen point constellation,
si xty-four point constellation, two hundred
fifty-six point constellation, one thousand

twenty-four point constellations.
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Q So if we just focus on Claiml
I tsel f.

A. Uh- huh.

Q Claim1l just recites a plurality; is
that right?

A. A plurality, exactly.

Q And Claim 1l says for that plurality,
each of those have the same -- each of those

constell ati ons have the same nunmber of
constellation points, right?

A. Yes. A plurality is like a set.
Each of -- each constellation in that plurality has
t he same nunmber of points.

Q And so if we go to Claim5, that
depends on Claim 1, correct?

A Yes.

Q And Claim5 also refers to Claim1l's
plurality of synmbol constellations, right?

A. This is where ny understanding is not
so clear, because Claim5 says wherein each of the
plurality of different nonuniform nultidinmensional
synbol constellations. So each of the plurality in
English doesn't nake sense, because each of, you
want the plural. So pluralities.

Each of the plurality is each
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constellation in the plurality has woul d make
sense. Each of the pluralities would make sense.
This is where | think I do not understand what the
pat ent means.

Q It doesn't say each of the
pluralities, correct?

A. It says each of the plurality.
Unl ess each of the plurality means each nmenmber in
the plurality of. So each of could nmean in the
sense that it neans that it is one plurality with
many nmenbers and this is consistent with Claim1

Q You agree that that's a reasonabl e
readi ng of Claim5?

A. I n view of English grammar, | think

It would be the nost reasonabl e reading.

Q. And that's consistent with Claim1,
correct?

A. Yes.

Q And so in view of that reading, do

you agree that each of the plurality of different
nonuni form mul ti di mensi onal synbol constellations
have the same number of constellation points in

Claimb5?
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MR. DI XON: | have no further
questions. Thank you, Dr. Caire.
MR. KHAN: Maybe just give ne a

m nut e.

(Wher eupon, a break was had from 6: 07

p.m until 6:09 p.m EDT)
MR. KHAN: |I'mready to go back on.
MR. DIXON: |'mready as well.

REEXAM NATI ON BY MR. KHAN:

Q Geat. All right. D. Caire, you
were just asked a few questions from
Constellation's counsel regarding Clains 5 and 1;
is that right? And you had expressed, | guess,
sonme lack of clarity in Claim5, particularly with
the phrasing of each of the plurality of different
nonuni f orm nmul ti di mensi onal synbol constellations.

If you were to nake it clear, how
woul d you revise the claimto nake it clear?

A. | would have witten: \Wherein each
constellation in the plurality is capabl e of
providing a greater blah, blah, blah.

O nore precisely: Werein each
nonuni form nul ti di mensi onal synbol constellation in

the plurality is capable of providing a greater
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paral | el decoding capacity at specific SNR
etcetera. This would have been the conpletely
unequi vocal statenent.

Q And the plurality that you nentioned,
is that the plurality of different nonuniform
mul ti di mensi onal synbol constellations, or is it
the plurality of rmultidinmensional synbol
constell ati ons?

A. Plurality neans that -- plurality is
a set. It means many elenents. Every elenent is a
no uni form mul ti di mensi onal synbol constellation
and different, of course, because if they would be
the sanme, it would be just one, right? Instead,
multiplicity doesn't count, so they have to be
different, otherwise it would be just one synbol
constellation. Plurality means that there are many
different, right?

Q Yeah, | guess ny question is what
follows the plurality. Ws it going to be the
plurality of multidinmensional synmbol constellations
or a plurality of different nonuniform
mul ti di mensi onal synbol constellations, which one
of those two?

A. It is a plurality of different

nonuni f orm nmul ti di mensi onal synbol constellations.
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And fromClaiml1l, with the sane nunber of
constellation points, different because they differ
In the position of the points.
Q | see. OCkay. So to naeke this claim
clearer, you would have rewritten this claimto
say: Wherein each nonuniform nultidi mensi onal
synbol constellation in the plurality of different
nonuni f orm nul ti di mensi onal synmbol constellations
I's capable of providing a greater parallel decoding
capacity, and then the rest of the clainf
A. That's correct.
MR. DI XON: Objection, form
Q (BY MR KHAN:) And that would help
you understand, | guess, the claimbetter, right,
or interpret it better?
A. To the best of ny understanding, this
Is what the claimsays. But it is -- as | say,
maybe it's nmy English limted capability, but it
took nme a nonment to understand.
MR. KHAN: Okay. Well, | think your
English is fine. So thank you, | appreciate your
time today. No further questions from ne.
MR. DI XON: No further questions from
us either.

THE REPORTER: Okay. Do y'all want
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Dr. Caire to read and sign?

MR. DI XON: Yes, please.

THE REPORTER: And, M. Di xon, do you
want an expedited transcript too?

MR. DI XON: Kevin, what do you think?

" m | eaning towards yes, but I'Il let
Kevin make the ultimte decision on that.

MR. AMENDT: Yes, please.

THE REPORTER: And do y'all want
rough drafts?

MR. KHAN: Yes, please.

MR. DI XON: Yes, please.

(Deposition concluded at 6:14 p.m EDT)

FURTHER THE DEPONENT SAlI TH NOT
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DEPONENT"' S CERTI FI CATE

|, G USEPPE CAIRE, PH.D., the witness
herein, have read the transcript of ny testinony
and the sanme is true and correct, to the best of ny
knowl edge. Any corrections and/or additions, if

any, are |listed separately.

Gl USEPPE CAI RE, PH. D.

c/o M. Wllianms S. Di xon

M ntz, Levin, Cohn, Ferris,
d ovsky and Popeo, P.C

One Fi nancial Center

Bost on, Massachusetts 02111

(617) 542-6000

wsdi xon@n nt z. com
Sworn to and subscri bed before ne, this the

day of , 2024, to certify which witness ny

hand and seal of office.

NOTARY PUBLI C
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CERTI FI CATE

STATE OF ALABAMA
JEFFERSON COUNTY

| hereby certify that the above and
f oregoi ng deposition was taken down by ne in
stenotypy, and the questions and answers thereto
were reduced to typewiting under ny supervision,
and that the foregoing represents a true and
correct transcript of the deposition given by said
W t ness upon said hearing, to the best of ny
ability.

| further certify that | am neither
of counsel nor of kin to the parties to the acti on,
nor am |l in anywise interested in the result of

sai d cause.

Comm ssi oner-Notary Public, State of AL
ACCR License No. 3, Exp. 9/30/2024

GA CCR No. 2714, Exp. 4/1/2025

TN LCR No. 679, Exp. 6/30/2025
Transcript Certified on 3/20/2024
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WIlliams S. Dixon, Esq.
wsdi xon@mn ntz. com
March 20t h, 2024
RE: LG El ectronics Inc v. Constellation Designs LLC

3/ 19/ 2024, G useppe Caire , Ph.D. (#6603556)

The above-referenced transcript is avail able for
revi ew.

Wthin the applicable timeframe, the w tness should
read the testinony to verify its accuracy. If there are
any changes, the witness should note those with the
reason, on the attached Errata Sheet.

The witness should sign the Acknow edgnent of
Deponent and Errata and return to the deposing attorney.
Copi es should be sent to all counsel, and to Veritext at
cs-mdatlanti c@eritext.com

Return conpleted errata within 30 days from
recei pt of testinony.
If the witness fails to do so within the tine

allotted, the transcript may be used as if signed.

Yours,

Veritext Legal Sol utions
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LG El ectronics Inc v.

G useppe Caire |,

ERRATA SHEET

Ph.

D. (#6603556)
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Constel l ati on Designs LLC

PAGE LINE CHANGE
REASON

PAGE LINE CHANGE
REASON

PAGE LINE CHANGE
REASON

PAGE LINE CHANGE
REASON

PAGE LINE CHANGE
REASON

PAGE LINE CHANGE
REASON

G useppe Caire , Ph.D.

Dat e
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LG Electronics Inc v. Constellation Designs LLC
G useppe Caire , Ph.D. (#6603556)

ACKNOW.EDGEMENT OF DEPONENT

|, Guseppe Caire , Ph.D., do hereby declare that I

have read the foregoing transcript, | have nmade any

corrections, additions, or changes | deened necessary as

not ed above to be appended hereto, and that the sane is

a true, correct and conplete transcript of the testinmony

gi ven by ne.

G useppe Caire , Ph.D. Dat e

*If notary is required

SUBSCRI BED AND SWORN TO BEFORE ME THI S

DAY OF ,

20

NOTARY PUBLI C
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Federal Rules of Civil Procedure

Rule 30

(e) Review By the Witness; Changes.

(1) Review; Statement of Changes. On request by the
deponent or a party before the deposition is
completed, the deponent must be allowed 30 days
after being notified by the officer that the
transcript or recording is available in which:

(A) to review the transcript or recording; and

(B) if there are changes in form or substance, to
sign a statement listing the changes and the
reasons for making them.

(2) Changes Indicated in the Officer's Certificate.
The officer must note in the certificate prescribed
by Rule 30(f) (1) whether a review was requested
and, 1if so, must attach any changes the deponent

makes during the 30-day period.

DISCLAIMER: THE FOREGOING FEDERAL PROCEDURE RULES
ARE PROVIDED FOR INFORMATIONAL PURPOSES ONLY.

THE ABOVE RULES ARE CURRENT AS OF APRIL 1,

2019. PLEASE REFER TO THE APPLICABLE FEDERAL RULES

OF CIVIL PROCEDURE FOR UP-TO-DATE INFORMATION.
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VERITEXT LEGAL SOLUTIONS

COMPANY CERTIFICATE AND DISCLOSURE STATEMENT
Veritext Legal Solutions represents that the
foregoing transcript is a true, correct and complete
transcript of the collogquies, gquestions and answers
as submitted by the court reporter. Veritext Legal
Solutions further represents that the attached
exhibits, if any, are true, correct and complete
documents as submitted by the court reporter and/or
attorneys in relation to this deposition and that
the documents were processed in accordance with

our litigation support and production standards.

Veritext Legal Solutions is committed to maintaining
the confidentiality of client and witness information,
in accordance with the regulations promulgated under
the Health Insurance Portability and Accountability
Act (HIPAA), as amended with respect to protected
health information and the Gramm-Leach-Bliley Act, as
amended, with respect to Personally Identifiable
Information (PII). Physical transcripts and exhibits
are managed under strict facility and personnel access
controls. Electronic files of documents are stored

in encrypted form and are transmitted in an encrypted
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fashion to authenticated parties who are permitted to
access the material. Our data is hosted in a Tier 4

SSAE 16 certified facility.

Veritext Legal Solutions complies with all federal and
State regulations with respect to the provision of
court reporting services, and maintains its neutrality
and independence regardless of relationship or the
financial outcome of any litigation. Veritext requires
adherence to the foregoing professional and ethical
standards from all of its subcontractors in their

independent contractor agreements.

Inquiries about Veritext Legal Solutions'
confidentiality and security policies and practices
should be directed to Veritext's Client Services
Associates indicated on the cover of this document or

at www.veritext.com.
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