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L. MANDATORY NOTICES UNDER § 42.8(A)(1)

A. Real Parties-In-Interest under § 42.8.(b)(1)

Nintendo Co., Ltd. and Nintendo of America Inc. (“Petitioner”) are the

real parties-in-interest to this petition.

B. Related Matters under § 42.8(b)(2)

U.S. Patent No. 7,529,305 (“’305 patent”) (EX1001) is asserted in pending

litigation involving Petitioner: Malikie Innovations Ltd. v. Nintendo Co., No. 2:24-

cv-01490-JLR (W.D. Wash.). The complaint was served on October 21, 2024.

(EX1051.) The ’305 patent is also at issue in: Vantiva USA LLC v. Malikie

Innovations Ltd., 1:25-cv-03600 (N.D. Ga.) and Malikie Innovations Ltd. v. Vantiva

SA f/k/a Technicolor SA, 2:25-cv-00163 (E.D. Tex.).

C. Lead and Back-Up Counsel under § 42.8(b)(3)

Petitioner provides the following designation of counsel.

LEAD COUNSEL

BACK-UP COUNSEL

Eamonn Gardner (Reg. No. 63,322)
egardner(@cooley.com

COOLEY LLP

ATTN: Patent Group

1299 Pennsylvania Avenue NW
Suite 700

Washington D.C. 20004

Tel: (858) 550-6086

Fax: (720) 566-4099

Matthew J. Brigham (Reg. No. 44,047)
mbrigham(@cooley.com

COOLEY LLP

ATTN: Patent Group

1299 Pennsylvania Ave. NW, Suite
700

Washington, DC 20004

Tel: (650) 843-5677

Fax: (650) 849-7400
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D.

Service Information

This Petition is being served by Priority Mail Express to the attorneys of

record for the *305 patent: Dowell & Dowell, P.C., POB 200, 3200 Ridge Pike, Ste

300, Norristown, PA 19403. Petitioner consents to electronic service at the

addresses above for lead and back-up counsel.

II. FEE PAYMENT UNDER § 42.103

Petitioner requests review of 4 claims, with a $51,875.00 payment.

III. REQUIREMENTS UNDER §§ 42.104 AND 42.108

A.

Grounds for Standing

Petitioner certifies that the *305 patent is available for IPR and that Petitioner

is not barred or otherwise estopped.

B.

Identification of Challenge and Statement of Precise Relief
Requested

Petitioner requests IPR institution based on:

Ground | Claims Basis
1 1-3,6 Paulraj (Anticipation and/or Obviousness)
2 2-3 Paulraj in view of Jalali
3 2-3,6 Paulraj in view of Schilling
4 1-3,6 Rowitch in view of Paulra;j
5 2-3 Rowitch in view of Paulraj and Jalali
6 2-3,6 Rowitch in view of Paulraj and Schilling
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Submitted with this Petition 1s the Declaration of Sarah Kate Wilson, Ph.D.,
(EX1050; “Wilson”), a qualified expert. (Wilson, 494-12.)
Exhibit 1052 lists the claims, enumerating each element. Bracketed notations

(e.g., |a.i]) are used to refer to individual limitations.

C. Considerations Under §§ 314(a) and 325(d)

Discretionary denial is not warranted. This is the first and only IPR petition
filed by anyone against the *305 patent, and the validity or patentability of the
’305 patent has not been adjudicated previously. None of the references relied on in
Grounds 1-6 were identified during prosecution. The pending litigation against
Petitioner is in a relatively early stage. Petitioner intends to promptly move to stay
the litigation pending IPR. Additionally, in the event an IPR is instituted (and the
institution is not subsequently vacated, or a Final Written Decision in the IPR is not
subsequently vacated or terminated), Petitioner will not pursue in district court any
grounds of invalidity against the challenged claims that were, or reasonably could
have been, asserted in IPR under §§ 102 or 103 on the basis of prior art patent or
printed publications.  Petitioner will further address discretionary denial

considerations if Patent Owner seeks discretionary denial of the Petition.
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IV. OVERVIEW OF THE ’305 PATENT
A.  Level of Ordinary SKkill

A person of ordinary skill in the art (“POSITA”) as of the alleged priority date
would have possessed at least a bachelor’s degree in electrical engineering, computer
science, or a related field, and at least two years of practical experience and/or
graduate level education with wireless communications, in particular transmission
and reception of signals and methods to improve performance. (Wilson, 17.)
Additional education could have substituted for professional experience, and
significant work experience could have substituted for formal education. (/d.)

B. Specification Overview

The ’305 patent states that it “relates to systems and methods for performing
layered space-time coding for wireless channels.” (*305 patent, 1:8-9.)

The ’305 patent Background identifies certain layered space-time coding
approaches where data is demultiplexed into separate substreams, which are

2

“encoded and modulated separately,” and the resulting data symbols on each
substream are then transmitted over separate antenna. (’305 patent, FIGS. 1-2, 1:24-
2:37.) The problem with this approach, according to the *305 patent, is that it fails

to provide improvements in signal-to-noise ratio (SNR) because each data symbol

(sm) 1s transmitted only by one antenna. (’305 patent, 2:38-44.)
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The *305 patent describes two primary sets of embodiments. In FIGS. 4 and
5, the patent provides examples of “symbol level space-time encoding in the sense
that the input to the space-time encoding process consists of symbols output by the
encoder/modulator blocks.” (305 patent, 5:1-4.) And in FIGS. 6-7, the patent
describes an embodiment “in which bit-level space-time encoding is performed.”
(’305 patent, 5:4-6, 5:18-21.) (Wilson, §945-50.)

For FIG. 4, the specification describes producing encoded substreams si, s,
..., sy and performing an orthogonal transformation of each of the symbols s, s2,
..., Su to generate space-time coded symbol xi, X2, . . ., Xur that are “a function of
all the instantaneous inputs.” (’305 patent, 4:3-42.) Then, “to achieve [] separation
in time” each space-time coded symbol is delayed by a different time period to create
symbols zi, 72, . . ., zZu that are each transmitted on their own respective antenna.
(’305 patent, 4:43-51.) FIG. 5 provides the same architecture for producing encoded
substreams si, s2, . .., su. In FIG. 5, however, the symbols si, s2, . . ., su are first
subjected to time delays, then undergo scaling/complex multiplication, and finally
are combined to create symbols z1, 72, . . . , zu that are each transmitted on their own
respective antenna. (’305 patent, 4:42-62.) The ’305 patent describes FIG. 5 as
“mathematically equivalent to the embodiment of FIG. 4 in that each output symbol

Zn 1s again a function of all of the input symbols at a given instant, but at different
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times. Effectively, the delay block and the orthogonal transformation functions have
been done in reverse order.” (’305 patent, 4:62-67.)

For FIG. 6, the 305 patent describes generating bit substreams ui, . . . , um
which are fed into delay elements, the bits output of which are fed to respective
QAM symbol mapping functions, which map bits to a corresponding output symbol
zn and antenna. (’305 patent, 5:4-17.) FIG. 7 provides a “specific example of the
embodiment of FIG. 6[.]” (’305 patent, 5:18-35.)

V. CLAIM CONSTRUCTION

Petitioner does not believe express claim construction is necessary at this
time. The proposed grounds satisfy both the narrower and broader constructions
proposed by the parties in the related litigation.

V1. CHALLENGED CLAIMS 1-3 AND 6 ARE UNPATENTABLE
A. Paulraj [EX1015]

Paulraj, U.S. Patent No. 6,377,632, is titled “Wireless Communication
System and Method Using Stochastic Space-Time/Frequency Division
Multiplexing.” (Paulraj.) Paulraj “relates generally to wireless communication
systems and adaptive methods of operating such systems in a multipath fading
environment.” (Paulraj, 1:8-10.)

Paulraj discloses a transmitter with multiple diversity branches for wireless

communication. (Wilson, 964.) Paulraj teaches “a bitstream 102 of information is

-6-
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fed to a modulation block 104, which generates an output symbol stream 106 ....
Symbol stream 106 is then fed to a serial to parallel converter 108, which collects a
set of N symbols into a frame.... The frame of symbols is fed to a coding block 110.
Coding block 110 outputs are fed to P diversity branches 109,” each with its own
antenna. (Paulraj, 4:53-66.)

Paulraj FIGS. 2-3 illustrate the operation of embodiments of coding block
110. (Wilson, 465.) In both figures, the “frame of complex symbols {Si,...,Sy} is
fed to each diversity branch 109 (FIG. 1) in parallel” and, without a cyclic shift for
FIG. 2 and after a cyclic shift for FIG. 3, then undergoes “matrix multiplication in
the matrix multipliers 128. The controller 120 controls the action of the shift blocks
150.” (Paulraj, 5:52-60.)

Following the coding block 110, the multi-datastream output is fed to
transform blocks 130, “where each data frame is multiplied by a transform matrix.
This transformation maps an input frame of N complex values into M values, where
M =N.” (Paulraj, 7:16-38.) Paulraj discloses multiple transforms, including Walsh-
Hadamard and IFFTs. (Paulraj, 7:21-34.) Paulraj also teaches that when an IFFT
transform matrix is used, then M=N. (Paulraj, 7:37-38.) “After the transformation
of each datastream, the transformed coefficients are passed through a parallel-to-

serial converter block 132 ... where a cyclic prefix equal in symbol length to L—1
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can be added, where L corresponds to channel length and the delay introduced into
the diversity branches.... The resulting M+L—1 complex valued symbols of each
diversity branch go through individual delays. The amount of delay can be
controlled by coding block 110 based on the feedback regarding the channel length
if available.” (Paulraj, 7:47-61; see also id. 4:66-5:5 (“Each diversity branch 109
also has a unique delay (shown as delays 1—P) that is controlled by the coding block
110. Each of the P delays imposes a particular, unique amount of delay on the
symbols being transmitted.”).)

B. Rowitch [EX1016]

Rowitch, U.S. Patent No. 6,628,702, is titled “Method and Apparatus for
Demodulating Signals Processed in a Transmit Diversity Mode.” (Rowitch.)
Rowitch relates generally to “data communications. More particularly, the present
invention relates to method and apparatus for efficiently demodulating signals that
have been processed and transmitted in a diversity mode.” (Rowitch, 1:9-12.)

Rowitch discloses a transmitter 110 and receiver 130 in a communications
system 100. (Rowitch, 4:32-64.) The transmitter 110 includes “modulator 116,
which can be used to process a downlink data transmission in a Space-Time
Spreading transmit diversity mode in accordance with the CDMA-2000 standard
(hereinafter referred to as the STS mode).” (Rowitch, 5:43-47.) As shown in FIG.

2, in the modulator 116 data symbols Y are “demultiplexed into two complex symbol
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streams, Yeven and Yods, which are then provided to modulators 210a and 2105.”
(Rowitch, 5:46-51.) Within each modulator 210a/b, the even and odd complex
symbol streams, Yeven and Yoas, are provided to symbol repeaters 212a/c and 212b/d,
and then cover elements 214a/c and 214b/d, respectively, which cover the data
symbols with a Walsh space-time spreading symbol (Wsrg and Wers). (Wilson, 969
(citing Rowitch, 5:43-6:21).) The complex symbols covered using Walsh symbol
Wqrs are provided to a complex conjugator 216a/b and then summed with the
complex symbols covered by Walsh symbol Wsrs. (Id.) The summed output is
processed with a phase rotator 222a/b and a complex multiplier 224a/b to produce
symbols Si and S,. (Wilson, 469 (citing Rowitch, 6:34-57).)

C. Priority Date and Prior Art Date

The technology and concepts of the challenged claims were long known to
those in the field. (E.g., Wilson, 436-44.)

The ’305 patent claims priority to PCT No. PCT/RU00/00426, which was
filed October 27, 2000. Petitioner uses this date as the priority date for the
challenged claims. PO has not alleged an earlier priority date. (EX1019, p.002-03.)

Paulraj, Rowitch, Jalali, and Schilling are all prior art. Paulraj qualifies as
prior art because it was filed January 24, 2000. Rowitch qualifies as prior art because

it was filed June 14, 2000. Jalali qualifies as prior art because it was filed July 12,
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2000. Schilling qualifies as prior art because it was filed November 24, 1998 and
published October 3, 2000.

D. Grounds 1-3: Claims 1-3, and 6 Are Anticipated and/or Obvious

Over Paulraj (Ground 1); and/or Claims 2-3 are Obvious Over

Paulraj in View of Jalali (Ground 2); and/or Claims 2-3, and 6 are
Obvious Over Paulraj in View of Schilling (Ground 3)

a. “A transmitter adapted to process a plurality M of
symbol substreams, the transmitter comprising:”
(claim 1, preamble)

Claim 1 is anticipated and/or obvious over Paulraj. Paulraj teaches and
renders obvious a transmitter adapted to process a plurality M of symbol substreams
(each stream for symbols Si,...,Sy is a symbol substream, where the “plurality M of
symbol substreams” recited in the claim are the same as the N symbol substreams
disclosed in Paulraj). (Wilson, §977-81.)

Paulraj teaches a transmitter that generates N symbol substreams {Si,...,Sn}:
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Modulator

E 104
10 ——_106
S 108
N symbol substreams s~ .. .. ks
(highlighted in blue) [ Coding Block
| ]/:j 110 Delay Control
one input set of i SR
N symbols {S,.....Sy} '
Transform . .
130 130
one symbol per
symbol substream
P/S + CP e e
132 132
—_,— - L
I |
| Delay 1 - Delay P :'-_
S S —
D/A D/A
140 140
i i
s RF 142 REF 142
¢ !
109 FIG. 1 109

(Paulraj, FIG. 1 (annotated), 4:53-60; Wilson, §78; Paulraj, Abstract (teaching an

“apparatus for wireless transmission of a digital bit stream™).)

A POSITA would recognize that the output of the serial-to-parallel converter

(S/P) 108 in Paulraj corresponds to a plurality N of symbol substreams. (Wilson,

q79.) Paulraj illustrates the output of S/P 108 as parallel substreams which each

comprise a single symbol:
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Modulator
< " 104
102 | E—
5P 108
8:’\1 ¢ s L‘/\ Sa N® symbol substream
first symbol substream

carrying symbol Sy

i bol S
carrying symbol 5, Coding Block

/“_ 110 Delay

112 —
I I

(Paulraj, FIG. 1 (excerpted and annotated); Wilson, §79.)

Those skilled in the art recognized that serial-to-parallel conversion takes a
single symbol stream and converts it into multiple parallel symbol streams. (Wilson,
179 (citing EX1017, 4:9-15 (“The serial-to-parallel converter (302) provides a
symbol stream for each sub-channel simply by assigning a first data symbol to the
first sub-channel, the subsequent data symbol to the second sub-channel, etc.”);
EX1018, 7:48-52 (“The symbol stream is received by a serial to parallel converter
315 which converts the single serial symbol stream from the mobile unit into a
plurality of separate parallel symbol streams such that each stream transmits a single
symbol at a time”).)

A POSITA would also consider it obvious to implement Paulraj using a
plurality N of symbol substreams. (Wilson, §80.) Paulraj teaches creating a set of

N symbols that are fed into coding block 110. As depicted by FIG. 1, one way to

-12-
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input a set of N symbols into the coding block is by simultaneously transmitting the
symbols using parallel symbol substreams. (/d.)
b. “a space-time coding block adapted to produce M

space-time coded symbols per input set of M symbols,”
(claim 1]a.i])

This element is anticipated and/or obvious over Paulraj. Paulraj teaches and
renders obvious a space-time coding block (coding block 110, transform block 130,
and P/S+CP block 132) adapted to produce M space-time coded symbols (the
collective “M+L-1 complex valued symbols” output from each P/S+CP block 132
are space-time coded symbols) per input set of M symbols (per input frame of M=N
symbols {Si,...,Sy}). (Wilson, 4482-100.)

As explained above, Paulraj discloses a “Wireless Communication System
and Method Using Stochastic Space-Time/Frequency Division Multiplexing,” the
primary embodiment of which is shown in FIG. 1. (Paulraj, Title.) A POSITA
would understand that in FIG. 1 the output of S/P 108 is input into a series of blocks
that convert the N symbol substreams into P space-time coded symbols. (Wilson,
9183.)

In addition, Paulraj discloses and/or renders obvious embodiments where the
number of space-time coded symbols (P) is equal to the number of symbol
substreams (N). (Wilson, 484.) Paulraj discloses that the number of symbol streams

for the input frame is any plural value (N), and further discloses that the number of

-13-
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diversity branches (P) is preferably at least two. (Paulraj, 3:6-15.) Paulraj teaches
“at least two diversity branches” (P=2). (Paulraj, 3:9-10, 3:34-35.)! A POSITA
would understand that one embodiment is to have two diversity branches and two
symbol substreams (N=P=2). (Wilson, 484.) While Paulraj does not expressly state
that N=2, a POSITA would understand that N=2 is encompassed by Paulraj’s
disclosure that N can be any plurality (i.e., N >2). (/d. (citing Paulraj, 3:32-34, 4:59,
etc.).)

Moreover, Paulraj teaches an approach intended to work for “a multipath
fading environment under varying channel conditions ranging from pure Rayleigh
to pure Rician and varying delay spread.” (Paulraj, 2:44-55.) A POSITA would

understand that Paulraj is teaching flexibility in the number of diversity branches to

! Paulraj discloses that in transform blocks 130 the N symbols are mapped into M
values, where MzN. (Paulraj, 7:19-21, 7:37-38.) The value of M in Paulraj is not
relevant, or even if relevant is taught to equal N when the transform is IFFT (or when
the selected transform has N=M, such as a 2-dimensional Walsh-Hadamard
transform for two substreams). (/d.; Wilson, n.3.) Accordingly, to avoid confusion
between the variable “M” in the claim language and variable “M” as used in Paulraj,

this petition does not reference the variable “M” as used in Paulraj in each instance.
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deal with various environments, which would include ranging from a low number of
diversity branches (e.g., two) to a larger number of diversity branches. (Wilson,
9185.)

Moreover, it was a known design choice by those skilled in the art to select an
embodiment where N=P=2. (Wilson, 986.) For example, one of the well-known
papers on diversity uses two antenna and two input symbols. (EX1006 (Alamouti),
p.002; EX1009, p.003 (“the Alamouti code maps two consecutive symbols to a 2x2
space-time matrix”).) And those skilled in the art taught diversity approaches where
the number of substreams matches the number of antenna. (Wilson, 486 (citing
EX1011, p.002 (“In transmit diversity, the information-bearing input signal b(?) is
demultiplexed in swm(¢), m = 1,...,M, each of which is transmitted (after up-
conversion) by the m-th antenna.”).) Following this approach for Paularj results in
a transmitter where the number of diversity branches P would be equal to the number
of substreams N. (Wilson, 486.) And when P=2, this would mean that N=P=2. (/d.)

Using two symbol substreams and two diversity branches in Paulraj would
thus have been considered encompassed by Paulra;’s teachings, an obvious option
based on Paulraj’s teachings, and an obvious option based on Paulraj teachings and
the knowledge of those skilled in the art. (Wilson, 487.)

Below are two annotated versions of Paulraj FIG. 1:
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(Paulraj, FIG. 1 (annotated and modified for N=P=2); Wilson, §88.)> Both examples

above show that for each input frame of N symbols ({Si,...,Sy}) the transmitter

produces N=P space-time coded symbols.

The figures above illustrate an example (in purple) of the space-time coding
block as including coding block 110, transform block 130, and parallel-to-serial

converter (P/S+CP) block 132. (Wilson, 989.) Using this example, the output of the

2 There are multiple ways to draw a box around the transmitter components in Paulraj

that would satisfy the claimed space-time coding block. (Wilson, 989.)
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space-time coding block in Paulraj is the output of the set of P/S+CP blocks 132
across all diversity branches. Paulraj teaches that each P/S+CP block 132 in each
diversity branch outputs “M+L-1 complex valued symbols,” where the collective
“M+L-1 complex valued symbols” output > is a function of the outputs of the
transform block 130. (Paulraj, 7:47-59.) A POSITA would understand that the
collective “M+L-1 complex valued symbols” output from each P/S+CP block 132
corresponds to a “space-time coded symbol” as recited in the claim. (Wilson, 490.)
Since Paulraj teaches that (i) the P/S+CP block 132 in each diversity branch outputs
“M+L-1 complex valued symbols” (a space-time coded symbol on each branch), and
(i) it was encompassed by, and obvious from, Paulraj to have P=N diversity
branches, a POSITA would understand that, in total, it was encompassed by, and
obvious from, Paulraj that there would be P=N blocks 132 that output P=N space-

time coded symbols. (Wilson, §90.)

3 As discussed herein, a POSITA would understand that the collective “M+L-1
complex valued symbols” output corresponds to a single space-time coded symbol.
For readability, the phrase collective “M+L-1 complex valued symbols” output has
been italicized and bolded so that this collective output can more easily be

understood as a single symbol.
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The following figure provides an example showing how the N symbols on the
N substreams correspond to the P space-time coded symbols in the P diversity

channels:

N symbol substreams

(highlighted in blue) Modulator. 150
102 196
one input set of SP g8
N symbols {S,,...,Sx} 8, e 5
Coding Block .
one symbol per symbol H/P 10| Delay Control coding block 110 outputs
substream i | “F— Bsor N coded symbols Sy,...,Sy
1 b ¥ l that go to each diversity
Transform 3 % s b h
each transform 130 outputs 130 130 S
a parallel set of rl Ll
M 1 1 . e
SO, e Ty 132 each P/S + CP block 132 outputs
(one set for each .
diversity branch) = f? —————————— k —— a symbol comprised of the M
I Delay 1 $% e s Detayp | — complex values plus a cyclic
I .
[ —l __________ —L— — | prefix of L-1
DA o DA there are P symbols, one on each
l — i — of the P diversity branches
114
A5 B o RF
{
109 A6 1 ITJ@

(Paulraj, FIG. 1 (annotated); Wilson, 91.)
Paulraj describes the collective “M+L-1 complex valued symbols” output
from each P/S+CP block 132 as a function of:

(i) M complex symbols formed by:

(a) coding the input frame of N symbols ({Si,...,Sy}) (Paulraj,
5:21-7:13 (describing coding the symbols using matrix
multiplication without (FIG. 2) and with cyclic shift (FIG.
3)), and
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(b)  orthogonal transformation through IFFT or “any other
transform which diagonalizes the matrix of channel
coefficients” (Paulraj, 7:16-47), and

(11) acyclic prefix of L-1 added to the serialized M complex symbols.

(Paulraj, 7:16-47.)

A POSITA would understand that the collective “M+L-1 complex valued symbols”

output from an individual P/S+CP block 132 is a space-time coded symbol.
(Wilson, 992.)

First, describing the collective “M+L-1 complex valued symbols” output
from each P/S+CP block 132 as a single “space-time coded symbol” is consistent
with the use of “space-time coded symbol” in the *305 patent claims. For example,
a POSITA would understand one way to implement limitations 1[c] and 1[d] would
be for each symbol of the M symbol substreams to be represented at a different time
in each space-time coded symbol, where each space-time coded symbol comprises
a series of symbols (which represent the substream symbols). (Wilson, 993.) For
example, the figure below demonstrates an example of how each substream symbol
can be represented at a different time in each space-time stream. (/d.) In this
example, the space-time coded symbol comprises a series of symbols in the time

domain that represent the substream symbols:
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symbols representing
substream symbols

Space-Time Space-Time
Coded Symbol 1 Stream 1
Space-Time Space-Time
Coded Symbol 2 Stream 2
Space-Time Space-Time
Coded Symbol 3 Stream 3
| | | | | >
time

Second, describing the collective “M+L-1 complex valued symbols” output
from each P/S+CP block 132 as a single “space-time coded symbol” is consistent
with the 305 patent specification. For example, in order to implement the “space-
time coder” in FIGS. 4-5 of the *305 patent, the specification describes the use of an
orthogonal transformation process, and defines a single “symbol” created by the
orthogonal transformation process as any “output of the orthogonal transformation
[that is] a function of all the instantaneous inputs ... xi=fi(s1, S2,..., Si),. .., Xn=Fm(s1,
$2,..., sm).” (’305 patent, 4:1-67.) Like the ’305 patent, Paulraj teaches using
orthogonal transformations such as IFFTs and Walsh-Hadamard codes. (Paulraj,
7:30-39.) And a POSITA would understand that the transformations in Paulraj
encompasses orthogonal transformations. (Wilson, 994.) Since each collective

“M+L-1 complex valued symbols” output from an individual P/S+CP block 132 is
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the output of a function of all the instantaneous inputs, each collective “M+L-1

complex valued symbols” output satisfies the description of a single space-time

coded symbol in the 305 patent. (/d.)

Comparing FIG. 5 of the 305 patent with FIG. 1 of Paulraj only further
confirms that the collective “M+L-1 complex valued symbols” output from each
P/S+CP block 132 can be considered a single space-time coded symbol. For FIG.
5, the *305 patent teaches that a single output symbol z, is created by inputting a
parallel group of coded symbols into the orthogonal transformation, outputting

parallel outputs, and then combining the parallel outputs of the orthogonal

transformation as a single function:
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(one set for each
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(’305 patent, FIG. 5 (annotated); Wilson, 495.) Likewise, in Paulraj FIG. 1 the
collective “M+L-1 complex valued symbols” output from each P/S+CP block 132
is created by inputting a parallel group of coded symbols into the orthogonal
transformation, outputting parallel outputs, and then combining the parallel outputs

of the orthogonal transformation as a single function:

N symbol substreams

(highlighted in blue) Modllator; |y
102 06 ;
one input set of P o8 input set of N coded
N symbols {S,.....Sy} s, p— symbols S,....,Sy
(one set for each
Coding Block . o
one symbol per symbol | ]/:'j | ¢ 110  Delay Control diversity branch)
substream i ; LN | i
i ¥ h ' N=P space-time
Transform B U
parallel sets of outputs of 130 130 coded streams
orthogonal transformation l — 1 .
(one set for each Ps+cP | .. .. j N=P space-time
diversity branch) e 32 coded symbols
-] =
|| Dpetayi e Delayp | F— where each space-time
I _: coded symbol (the collective
T —l —————————— _l— — “M+L-1 complex valued
DA DA o symbols” output from each
l 1 P/S+CP block 132) is a
ﬁl - ; ﬂ function of the parallel
114 Rl T A 1 outputs of the orthogonal
139 FIG. 1 ]tg transformation process

(Paulraj, FIG. 1 (annotated); Wilson, 95.)
The embodiment in FIG. 4 of the 305 patent also supports understanding that
each collective “M+L-1 complex valued symbols” output from each P/S+CP block

132 is a space-time coded symbol. For 305 patent FIG. 4, for example, each row
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of the matrix is described as a singled space-time coded symbol (x1, X2,...,x1). (305
patent, 4:13-23 (defining a matrix X that is comprised of symbols (x1, X2,...,Xm).) A
POSITA, however, would understand that each row xi,...,xyp of matrix X is
comprised of a serial set of symbols corresponding to the symbols from the symbol
substreams (s1, S2,...,S1). (Wilson, 496 (citing 305 patent, 4:13-42).) Accordingly,
the embodiment in ’305 patent FIG. 4 supports the understanding that a serialized
set of symbols—just like the collective “M+L-1 complex valued symbols” output
from each P/S+CP block 132 in Paulraj—can be considered as a single space-time
coded symbol.

Third, describing the collective “M+L-1 complex valued symbols” output
from each P/S+CP block 132 as a single “space-time coded symbol” is consistent
with the 305 patent file history. During prosecution, the Examiner argued that a
“space-time coded symbol” as used in the claims could correspond to a series of
symbols output by a space-time coding function. (EX1013, p.265; Wilson, 9952,
97.) The Applicant initially disputed this position, but ultimately failed to amend
the claims to narrow the meaning of “space-time coded symbol” to exclude a series
of symbols. (EX1013, pp.297-300, Wilson, 453, 97.) Instead, the Applicant
amended the claims to distinguish the prior art on other grounds and neglected to

respond to the Examiner’s statements that the feature that distinguished the claims
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over the prior is the timing of the “space-time coded symbols™ and not that each
series of symbols in the prior art should not be considered a “space-time coded
symbol.” (EX1013, pp.309, 316-17; Wilson, 9954, 97.)

Fourth, PO has argued that a sequence of symbols should be considered a
symbol. For example, in its infringement contentions, PO cites to the disclosure in
IEEE  802.11(2012) reciting that “[tlhe sequence of Nsr complex
numbers...constitutes an OFDM symbol[.]” (EX1019, p.024.) PO’s purported
reliance on an OFDM symbol (which is a sequence of symbols) as a “space-time
coded symbol” confirms that PO also believes the plain-and-ordinary meaning of
symbol includes a series of values. (Wilson, 998.) Moreover, the cited portion of
the 802.11 Standard confirms that a POSITA would understand that a sequence of
symbols can correspond to a symbol. (/d.)

Fifth, contemporaneous literature confirms that the serialized output described
in Paulraj was commonly considered a single symbol. When discussing a system
that serializes the complex values (sometimes referred to as samples) output from an
IFFT, those skilled in the art commonly referred to the serialized samples as a single
symbol. (Wilson, 999 (citing EX1020, p.002 (“the serial OFDM samples S, »
composing the nth OFDM symbol”); EX1021, 2:44-45; EX1022, p.001; EX1023,

p.002).)
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c. “each input set of M symbols comprising one symbol
per symbol substream,” (claim 1[a.ii])

This element is anticipated and/or obvious over Paulraj. Paulraj teaches each
input set of M symbols (frame of symbols {Si,...,Sx}) comprising one symbol per
symbol substream (each symbol Si,...,Sy corresponds to a separate substream).
(Wilson, 99101-103.) As discussed for the preamble, a POSITA would recognize
that the frame of symbols {Si,...,Sy} in Paulraj corresponds to a plurality N of

symbol substreams, where each symbol Si,...,Sy is on a separate substream:
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(Paulraj, FIG. 1 (annotated); Wilson, §102.)
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d. “each of the M space-time coded symbols being
included in a respective one of M space-time coded
streams,” (claim 1[a.iii])

This element is anticipated and/or obvious over Paulraj. Paulraj teaches and
renders obvious each of the M space-time coded symbols (the collective “M+L-1
complex valued symbols” output from each P/S+CP block 132) being included in a
respective one of M space-time coded streams (diversity branch corresponding to its
own antenna). (Wilson, §9104-106.) As discussed above, Paulraj teaches and
renders obvious the collective “M+L-1 complex valued symbols” output from each
P/S+CP block 132 corresponds to the claimed space-time coded symbols. (Paulraj,
7:47-59 (“M+L-1 complex valued symbols of each diversity branch™).)

Paulraj teaches there is a P/S+CP block 132 for each diversity branch. Paulraj
discloses and renders obvious the number of diversity branches being equal to the

number of symbol substreams, including N=P=2:
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(Paulraj, FIG. 1 (annotated and modified for N=P=2); Wilson, §105.)
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e. “wherein each symbol of the M symbol substreams is
represented in all M space-time coded streams,” (claim

1[b])

This element is anticipated and/or obvious over Paulraj. Paulraj teaches and
renders obvious each symbol of the M symbol substreams (Si,...,Sw) is represented
in all M space-time coded streams (all diversity branches). (Wilson, {4107-110.)
Paulraj teaches that it is preferable that symbols (Si,...,Sy) are transmitted from all
the available diversity branches. (Paulraj, 3:6-40.) Paulraj explains that the
preference that the substream symbols (Si,...,Sy) be transmitted from all available
diversity branches applies equally to when the substream symbols are grouped into
a frame. (Paulraj, 3:32-40.)

Moreover, even to the extent Paulraj recognizes there may be situations when
substream symbols (Si,...,Sy) are transmitted from less than the full set of diversity
channels, a POSITA would understand that it is preferable that substream symbols
are transmitted from the full set of diversity channels. (Wilson, 109 (citing Paulraj,
3:14-15, 3:38-40).) Moreover, a POSITA would consider it obvious that when the
number of diversity branches are small (e.g., two diversity branches) that all
substream symbols (Si1, S2) would be transmitted from both diversity branches to

achieve a diversity gain. (Wilson, §109.)
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f. “wherein the transmitter comprises a delay
arrangement, arranged such that for each symbol of
the M symbol substreams a time of representation of
the symbol in the M space-time coded streams is
different for each of the M space-time coded streams,”
(claim 1][c])

This element is anticipated and/or obvious over Paulraj. Paulraj discloses the
transmitter comprises a delay arrangement (collectively, Delays 1 and 2) arranged
such that for each symbol of the M symbol substreams a time of representation of
the symbol in the M space-time coded streams is different for each of the M space-
time coded streams (the amount delay in each diversity branch changes the time of
representation of the N substream symbols (Si,...,Sy) in the collective “M+L-1
complex valued symbols” output from each P/S+CP block 132). (Wilson, §4111-
116.)

Petitioner has argued this limitation should be limited to “a time delay
arrangement, arranged such that for each symbol of the M symbol substreams a time
of representation of the symbol in the M space-time coded streams is different for
each of the M space-time coded streams.” (EX1014.) PO has argued this limitation
is broader and includes additional forms of delays such as phase delays. (/d.) Paulraj
discloses this limitation under Petitioner’s narrower construction, and therefore also

satisfies PO’s broader construction.
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Paulraj teaches including a time delay in each diversity branch to “improve
the effect of diversity as well as reduce the overhead resulting in a higher
throughput.” (Paulraj, 7:62-67.) Paulraj further teaches it is beneficial to include
delay diversity “when there is considerable fading (low K-factor) and delay spread
in the channel.” (Paulraj, 2:29-31.) As shown in FIG. 1, Paulraj teaches adding a
delay in each branch that delays the space-time coded symbols from each branch
(the collective “M+L-1 complex valued symbols” output from each P/S+CP block

132) prior to digital-to-analog conversion:
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; fo, 106
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SP 108
S e o s o b,-sn
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i ' }
Transform e e e
130 130
P/S +CP
132 132
r——1r - - - - I _l
I
| Delay 1 - Delay P :-—-
| ]
D/A /A
140 140
114 |
114 142 142
109 FIG. 1 109

(Paulraj, FIG. 1.)

Paulraj teaches “[e]ach of the P delays imposes a particular, unique amount of
delay on the symbols being transmitted.” (Paulraj, 4:65-5:5.) And that the amount
of delay can be controlled by coding block 110 based on feedback regarding the
channel length if available. (Paulraj, 7:57-61.)

In accordance with Paulraj’s disclosure that “[e]ach of the P delays imposes a
particular, unique amount of delay on the symbols being transmitted,” a POSITA

would understand the delays would cause the symbols in each diversity path to be

-33-



Petition for Inter Partes Review of
U.S. Patent No. 7,529,305 B1

transmitted at different times. (Wilson, ¥113-115.) For example, using the
embodiment discussed above where there are two diversity paths (N=P=2), for input
symbols Si and S; at a given time period T, the “unique amount of delay” taught by
Paulraj would result in the space-time coded symbol transmitted from the first
antenna (Z) to be transmitted at a different time than the space-time coded symbol
transmitted from the second antenna (Z2). (/d.) As shown below, this results in each
symbol of the N=2 symbol substreams (each symbol in substreams S; and S;) having

a time of representation in the N=2 space time coded streams that is different:

Maodulator

106

SP o
S 3 .
5 Space-Time Coded Symbol Z,
| Coding Block
e 110 Delay Control Zl= fn(Sl, Sg)
| — { i l
i ! ]
Transform
130 130
P/S + CP
132 132
e F—-
|
| Delay 1 Delay 2 Il'_ I I I I ’ time
1
T s =
L _ Space-Time Coded Symbol Z,
D/A 110 DA
T l Z2= fﬂ(g]_, Sz)
14
]L RF RF
114 142 142
t FiG. 1

(Paulraj, FIG. 1 (modified for N=P=2, and annotated to show timing of space-time

coded symbols for a full symbol delay); Wilson, §115.)
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Transform
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e — | | | P time
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=]
-
=}
LR
]

Z

Z,=f(S1, S5)

) |
— £- 777777777 - i
[ Space-Time Coded Symbol Z, ]

114 l.H_: 142

¢ FIG. 1

(Paulraj, FIG. 1 (modified for N=P=2, and annotated to show timing of space-time
coded symbols with a partial symbol delay); Wilson, 4115 (citing Paulraj, 4:65-5:5
for teaching that amount of delay may vary).)

Either example satisfies the claims because substream symbols (Si and S,) are
represented in each of the space-time coded symbols Z; and Z», and space-time
coded symbols Z; and Z, are transmitted at different times. Therefore, the time of
representation of the substream symbols (Si and S») is different in each of the space-

time coded streams.
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g. “each space-time coded symbol comprising a
representation of a symbol of each of the M symbol
substreams;” (claim 1[d])

This element is anticipated and/or obvious over Paulraj. Paulraj teaches that
each space-time coded symbol (the collective “M+L-1 complex valued symbols”
output from each P/S+CP block 132) comprises a representation of a symbol of each
of the M symbol substreams (each symbol from the input frame of symbols
{S1,...,S~}). (Wilson, §9117-119.)

As discussed above, in Paulraj the collective “M+L-1 complex valued
symbols” output from each P/S+CP block 132 corresponds to the claimed space-
time coded symbol. Paulraj teaches the “M” complex valued symbols are created
by coding and transforming the input frame of symbols {Si,...,Sy}. (Paulraj, 5:22-
7:2 (coding) and 7:16-47 (transformation).) As shown in FIG. 1, Paulraj teaches the
coding block takes an input frame of N symbols and outputs a multi-datastream
output of N complex values that is input into each transform block 130. (See, e.g.,
Paulraj, 7:16-21.) Paulraj further teaches that each transformation block 130 maps
each input frame of N complex values into M values, where “[w]hen the transform
is IFFT, then M=N.” (Paulraj, 7:19-39.) Each symbol from the input frame of
symbols {Si,...,Sy} is represented in the M complex symbols output from the

P/S+CP blocks 132. (Wilson, q118.)
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h. “a plurality M of transmit antennas each adapted to
transmit a respective one of the M space-time coded
streams,” (claim 1][e])

This element is anticipated and/or obvious over Paulraj. Paulraj teaches “a
plurality M of transmit antennas each adapted to transmit a respective one of the M
space-time coded streams.” (Wilson, 120-122.) As shown in FIG. 1, Paulraj
teaches that the “resulting M+L-1 complex valued symbols of each diversity branch”
undergo a delay, digital-to-analog conversion (and any necessary amplification), and
then “are fed to the respective antennas for transmission.” (Paulraj, FIG. 1, 7:57-61,
8:28-33.) Paulraj further teaches “[e]ach diversity branch 109 has an antenna 114
for transmitting a signal.” (Paulraj, FIG. 1, 4:65-66.)

i. “such that for each symbol of each input set of M
symbols, the M space-time coded symbols that contain

a representation of the symbol are transmitted at
different times.” (claim 1[f])

This element is anticipated and/or obvious over Paulraj. Paulraj teaches and
renders obvious “such that for each symbol of each input set of M symbols, the M
space-time coded symbols that contain a representation of the symbol are transmitted
at different times.” (Wilson, 49123-126.)

As set forth above, the collective “M~+L-1 complex valued symbols” output
in each diversity branch corresponds to the claimed “space-time coded symbols.”

Paulraj further teaches “[e]ach diversity branch 109 also has a unique delay (shown
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as delays 1-P),” and that “[e]ach of the P delays imposes a particular, unique amount
of delay on the symbols being transmitted.” (Paulraj, FIG. 1, 4:65-5:5.) As a result
of these unique delays, the collective “M+L-1 complex valued symbols” output
from each diversity branch is transmitted at a different time. (Wilson, §124.)

The exemplary figures discussed above for N=P=2 show how Delays 1 and

Delay 2 cause the space-time coded symbols to be transmitted at different times:
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8 3 .
5 Space-Time Coded Symbol Z,
| Coding Block
e 110 Delay Control Zl= fn(Sl, 32)
i ] ]
Transform
130 130
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132 132
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I Delay 1 Delay 2 |l._ | | | | b time
1

Zl — £- 777777777 - 1
Space-Time Coded Symbol 7,
oA oA
T__ L Z,=1n(S4, S)
L ']
RF RI
114 14 14
} FIG. 1
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Z,=f(S1, S5)

|
777777 -
[ Space-Time Coded Symbol Z, ]

FIG. 1

(Paulraj, FIG. 1 (modified for N=P=2, and annotated to show timing of space-time

coded symbols); Wilson, §125.)

2.

Claim 2: “A transmitter according to claim 1 further
comprising a demultiplexing and encoding block comprising
a  demultiplexer having M  outputs, and M
encoder/modulators each producing a respective one of the M
symbol substreams, with each of the M encoder/modulators
connected to receive a respective one of the demultiplexer
outputs.”

a. Ground 1 — Paulraj Alone

Paulraj alone renders obvious the transmitter further comprising a

demultiplexing and encoding block comprising a demultiplexer having M outputs

(Paulraj’s serial-to-parallel converter arranged prior to (rather than after)

modulation), and M encoder/modulators each producing a respective one of the M
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symbol substreams, with each of the M encoder/modulators connected to receive a
respective one of the demultiplexer outputs (a modulator as taught in Paulraj
connected to each output of the serial-to-parallel). (Wilson, §4127-129.)

Paulraj teaches the same operations recited in claim 2, merely in a different
order. (Wilson, 128.) But the ample prior art at the time recognized the
interchangeability and obviousness of switching between (i) modulating/encoding
and then demultiplexing, and (i1) demultiplexing and then modulating/encoding. (/d.
(citing EX1026 (Schilling), FIG. 1 v. 2, 6:1-15 (“In FIG. 1, the data are first forward-
error-correction (FEC) encoded by FEC encoder 21..., and then demultiplexed by
demultiplexer 32 into four data streams.... Alternatively, as shown in FIG. 2, the
data could first be demultiplexed by demultiplexer 32 and then each data stream
could be FEC encoded by a plurality of FEC encoders ....”), 12:30-57).)

FIG. 1 of Paulraj discloses “a bitstream 102 of information is fed to a
modulation block 104, which generates an output symbol stream 106” which “is then
fed to a serial to parallel converter 108[.]” (Paulraj, 4:55-60.) It was obvious to
perform the same steps, to achieve the same result, but simply modify the order of

the steps, as shown in the figure below to achieve the same result:
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Modulator S/P
( 104 108
102 k—\_— 106 102 k 4 h 4
Modulator
S/P 104
108 104
S'. e ® » o ksn S'- e ® =+ o S"
Coding Block Coding Block
110 110
| ¢« o o « | e e e o |

(Paulraj, FIG. 1 (left, excerpted) and FIG. 1 (right, excerpted and revised); Wilson,
9128.) The order of operations of these steps was an obvious modification. (Wilson,
9128.)

a. Ground 2 — Paulraj in view of Jalali

Paulraj in view of Jalali renders obvious the transmitter further comprising a
demultiplexing and encoding block comprising a demultiplexer having M outputs
(Paulraj’s serial-to-parallel converter arranged prior to (rather than after)
modulation, as shown by Jalali’s demultiplexer), and M encoder/modulators each
producing a respective one of the M symbol substreams, with each of the M
encoder/modulators connected to receive a respective one of the demultiplexer
outputs (a modulator as taught in Paulraj connected to each output of the serial-to-
parallel converter, as taught by Jalali’s encoders which are each connected to an

output of the demultiplexer). (Wilson, q130-132.)
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Jalali 454 is analogous art to Paulraj 632 in that it discloses transmitter and
receiver designs for wireless communications, including OFDM based data
communication, using multiple antennas. (Wilson, §131.) Jalali teaches a
demultiplexer that demultiplexes an input data stream and produces M=k outputs,
and M=k encoder/modulators 312a-312k to produce the symbol (xi,...,Xx)
substreams, where each encoder/modulator is connected to receive a respective one

of the demultiplexer outputs:

100

~—u 112
114a 116a
2.
5’1"23 | 3323 324 : v 3;?’03 3’3'25 3;’:“43
S X, [CHANNEL i IFFT g;gt:g ue-
+ENCODER|— DATA il TP > -
"l Phos : GENERATOR | |CONVERTER
: ' T14b 116b
S, X,! JCHANNEL ' P
ENCODER}—| DATA |l : 3506 332 3340
310
# 1 LIRC [V CYCLIC .
AGGREGATE — : 322b Ll s 4wl IFFT | PREFIX -
INPUT » DEMUX \ COMBINERS : GENERATOR CONVERTER
DATA STREAM - & 520, H :
. ~ ] :
1 I : 114t 116t
csi I " <
312 N 322k H 330t 332t 334t
2 1 4 1 22 z =
Sy X, [CHANNEL 1 |Vs CYCLIC P
B ENCODER|— DATA 4w 17 FFT P PREFIX oo verTen
1 |_PROC ! GENERATOR
T ________ ]
csl
FIG. 3

(EX1027 (Jalali), FIG. 3, 16:23-58.) Substituting the modulator and S/P converter
in Paulraj with a demultiplexer and then encoders as taught in Jalali merely involves

the simple substitution of one known element for another to obtain predictable
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results. (Wilson, q131.) Following Jalali’s teaching that it is an acceptable
alternative to demultiplex and then encode, a POSITA would have considered it

obvious to modify Paulraj such that modulation occurs after serial-to-parallel

conversion:
Modulator S/P
i 104 108
102 k‘_\__ 106 102 k 4 h 4
Modulator
S/P 104
108 104
S'- e o ¢ o ksn S" ® s & o Sil
Coding Block Coding Block
110 110
I * ® ° = I - I s o o = I

(Paulraj, FIG. 1 (left, excerpted) and FIG. 1 (right, excerpted and revised based on
Jalali); Wilson, q131.) There is no material difference between (i) encoding and then
demultiplexing, and (i1) demultiplexing and then encoding, and a POSITA would
have every expectation of success in this modification. (Wilson, 4131 (citing
EX1026 (Schilling), FIG. 1 v. 2, 6:1-15).)

b. Ground 3 — Paulraj in view of Schilling

Paulraj in view Schilling renders obvious the transmitter further comprising a
demultiplexing and encoding block comprising a demultiplexer having M outputs

(Paulraj’s serial-to-parallel converter arranged prior to (rather than after)
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modulation, as Schilling teaches is an alternative), and M encoder/modulators each
producing a respective one of the M symbol substreams, with each of the M
encoder/modulators connected to receive a respective one of the demultiplexer
outputs (a modulator as taught in Paulraj connected to each output of the serial-to-
parallel converter, each configured to produce a respective one of the substream
symbols (Si,...,S¥)). (Wilson, §9133-135.)

Schilling *330 is analogous art to Paulraj 632 in that it discloses transmitter
and receiver designs for wireless communications using multiple antennas. (Wilson,
9134.) Schilling teaches that (i) encoding and then demultiplexing, and
(i1) demultiplexing and then encoding, are alternatives. For example, Schilling FIG
1 teaches encoding and then demultiplexing, and Schilling FIG. 2 teaches that
“alternatively” the same result can be accomplished by demultiplexing and then

encoding:
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(EX1026 (Schilling), FIG. 1 v. 2, 6:1-15; see also id. at 12:30-57.) Following
Schilling’s teaching that it is an acceptable alternative to demultiplex and then

encode, it was obvious to modify Paulraj such that modulation occurs after serial-to-
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parallel conversion:

Modulator S/P
i I 104 108
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Coding Block Coding Block
110 110
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(Paulraj, FIG. 1 (left, excerpted) and FIG. 1 (right, excerpted and revised based on
Schilling); Wilson, §134.) A POSITA would have had an expectation of success in
making this modification because it merely involves a different order of operations,
and the prior art (including, but not limited to, Schilling) showed it was an acceptable
design option to demultiplex prior to encoding. (Wilson, 134 (citing EX1027
(Jalali), FIG. 3, 16:23-58).)

3. Claim 3: “A transmitter according to claim 2 wherein the

demultiplexing and encoding block is adapted to produce the
M symbol substreams from an input stream.”

Paulraj alone (Ground 1) and/or Paulraj in view of Jalali (Ground 2), and/or
Paulraj in view of Schilling (Ground 3) renders obvious the demultiplexing and
encoding block is adapted to produce the M symbol substreams from an input

stream. (Wilson, 49136-140.)
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Ground 1: As discussed for claim 2, it was well-known in the art that when
parallel streams are desired (such as in Paulraj) it would be obvious to either
(1) encode/modulate and then demultiplex (as in Paulraj), or (i1) demultiplex and then
encode/modulate. (EX1026 (Schilling), FIG. 1 v. 2, 6:1-15; Wilson, §137.)
Regardless of the operation of these steps, Paulraj teaches that the parallel M symbol
substreams are produced from “bitstream 102 of information.” (Paulraj, 4:55-60.)

Ground 2: If a POSITA modified Paulraj in view of Jalali (as discussed for
claim 2, Ground 2), this combination would result in a “demultiplexing and encoding
block [that] is adapted to produce the M symbol substreams from an input stream”
since both Paulraj and Jalali teach starting with a single input stream. (Wilson,

138.) As shown below, Jalali teaches the input is an aggregate input data stream:
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FIG. 3

(EX1027 (Jalali), FIG. 3, 16:23-58.)

Ground 3: If a POSITA modified Paulraj in view of Schilling (as discussed
for claim 2, Ground 3), this combination would result in a “demultiplexing and
encoding block [that] is adapted to produce the M symbol substreams from an input
stream” since both Paulraj and Schilling teach starting with a single input stream.

(Wilson, 9139.) As shown below, Schilling teaches the input is a single data stream:
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(EX1026 (Schilling), FIG. 2.)

4. Claim 6: (Depending on Claim 1)

Paulraj alone anticipates and renders obvious claim 6 (Ground 1), and Paulraj

in view of Schilling renders obvious claim 6 (Ground 3).
a. “A transmitter according to claim 1 wherein the delay
arrangement comprises: delay elements adapted to

insert a delay in at least one of the M substreams; and”
(claim 6[a])

Paulraj alone anticipates and renders obvious (Ground 1) and/or Paulraj in
view of Schilling (Ground 3) renders obvious wherein the delay arrangement (for
example, Delay 1 and Delay 2 when added prior to the matrix multiplier 128)
comprises: delay elements adapted to insert a delay in at least one of the M symbol
substreams (when added before the matrix multiplier 128, Delay 1 inserts a time

delay (or no time delay) in the substreams going to Diversity Branch 1 and Delay 2
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inserts a different amount of time delay in the substreams going to Diversity Branch
2). (Wilson, 99142-147.)

Petitioner and PO agree that “the M substreams” refers to “the M symbol
substreams.”

Petitioner has argued that, consistent with the specification, this limitation
should be limited to “delay elements adapted to insert a time delay in at least one of
the M symbol substreams.” (EX1014.) PO has argued this limitation is broader and
includes additional forms of delays such as phase delays. (EX1043, 944.) Paulraj
discloses this limitation under Petitioner’s narrower construction, and therefore also
satisfies PO’s broader construction.

As discussed for claim 1, Paulraj discloses a time delay in each diversity
branch to “improve the effect of diversity as well as reduce the overhead resulting
in a higher throughput.” (Paulraj, 7:62-67.) In Paulraj, the delays are shown after
the P/S + CP blocks. However, a POSITA would consider it obvious (and
mathematically equivalent) to add the delays prior to the matrix multipliers 128 in

coding block 110 as shown below:
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(Paulraj, FIG. 2 (modified to include Delays 1-P); Wilson, §145.) As shown in the

prior art figure below, it was known in the prior art to use a configuration where the

delay (104) is prior to space-time diversity encoding:
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(EX1032, FIG.1, 4:3-5 (“Offset block 104 causes a 2 symbol period delay.”).) In
addition, the prior art confirms a POSITA would understand adding delays prior to
the matrix multipliers is mathematically equivalent to adding the delays after the P/S
+ CP block. (Wilson, §145.) For example, as shown in the figures below, the prior
art recognized that an embodiment with the delay before encoding/interleaving (FIG.
5) is a known “alternative” for achieving delay diversity that is equivalent to the

delay coming after encoding/interleaving (FIG. 4):
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(Schilling, FIG. 4 v. FIG. 5, 12:30-57; Wilson, §145.)

Ground 3: To the extent necessary, it would have been obvious to combine
Paulraj with Schilling for this limitation. As discussed above, Schilling teaches it
was a known alternative to place the delay before encoding/interleaving (FIG. 5).
Following Schilling’s teaching, modifying Paulraj to include the delay prior to
encoding would merely be a simple substitution of one known approach (obtaining
delay diversity by inserting a delay after encoding) for another (obtaining delay
diversity by inserting a delay before encoding) to obtain predictable results.

(Wilson, q146.)
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b. “the space-time coding function further comprises an
orthogonal transform adapted to produce M
orthogonal outputs, with the mth orthogonal output
being a function of the M substreams delayed in said
delay elements by m—1 symbol periods.” (claim 6[b])

Paulraj alone (Ground 1) and/or Paulraj in view of Schilling (Ground 3)
discloses and renders obvious the space-time coding function/block (coding block
110, transform block 130, and parallel-to-serial converter (P/S+CP) block 132)
further comprises an orthogonal transform (the transforms 130 and parallel-to-serial
converter (P/S+CP) blocks 132) adapted to produce M orthogonal outputs, with the
mth orthogonal output being a function of the M symbol substreams delayed in said
delay elements by m—1 symbol periods. (Wilson, [148-157.)

Petitioner and PO agree that “the space-time coding function” refers to “the
space-time coding block.”

PO argues this limitation should be construed such that it is satisfied as long
as the limitation is met for any single value of m, where 1 <m < M. (EX1042,
p.003.) Petitioner has taken the position this limitation should be construed to
require that the claim be satisfied for every value of m, where 1 <m <M. As set
forth below, Paulraj discloses and renders obvious this limitation obvious under

either construction.
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As discussed above, the space-time coding function/block in Paulraj includes

coding block 110, transform block 130, and parallel-to-serial converter (P/S+CP)

block 132:
Modulator
space-time
N symbol substreams S coding block
(highlighted in blue) Coding Block
"o 110 Delay Control
one input set of - | g o ]
N symbols {S,.....Sy! i i \ |
TransfnTiQ . s . e 150
one symbol per B
symbol substream P N=P
+ - . = = .
132 132 space-time
e ) | coded streams
|l Delay 1 o 4 4o Delay P | N=P
| =
__ -l __________ _t_ —- space-time
DA o DA Lo coded symbols
L ]
i RF 142 RF 142
$
109 F1G. 1 129

(Paulraj, FIG. 1 (annotated).)
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T.. Modulator "
102 106
space-time
N=2 symbol substreams ST ~S) coding block
(highlighted in blue) Coding Block
“{-" 110 Delay Control
one input set of - | { I
N=2 symbols {S,, S,} i i } |
I}"arlstnrrl;_IJ 14
one symbol per symbol
substream N=P=2
P/S + CP .
132 132 space-time
e ———————— i— == coded streams
: Delay 1 Delay 2 :‘.—-
| N=P=2
T _l __________ _l_ —- space-time
DA o DA o coded symbols
L 114
”§4L RE RF —J
' .
109 FIG. 1 |29

(Paulraj, FIG. 1 (modified for N=P=2, and annotated); Wilson, 151.) In addition,
because for claim 6 the delays are moved within the coding block, below is an

annotated figure for N=P=2 with the delays included in coding block 110:
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| Modulator
102 106
P og
N=2 symbol substreams s S
(highlighted in blue) S, ] Delay 1-2 are in

110 Coding Block 110
one input set of | T I_

—1
N=2 symbols {S,, S,} e TS e -l \[ space-time ]
""""‘“fl“_.v‘y e coding block

one symbol per symbol l L
substream
P/S + CP
----- e N=P=2
space-time
7 Z, v coded streams
orthogonal transform
; y N=P=2
D/A D/A .
L L space-time
l l a codeg syzmbols
| ;I 4L RE | RE (Z.Z,)
¢ ; !
LA FIG. I o

(Paulraj, FIG. 1 (modified for N=P=2, modified to move Delay 1 and Delay 2 to
within the coding block, and annotated); Wilson, §151.)

Paulraj discloses transform block 130 “maps an input frame of N complex
values into M values” where “[t]he transform matrix can be an IFFT (Inverse Fast
Fourier Transform) at the transmit station.” (Paulraj, 7:15-22.) Each IFFT is an
orthogonal transform. (Wilson, §152.)

For claim 6, a POSITA would further understand that collectively, the IFFT
blocks and the P/S+CP blocks form an orthogonal transform adapted to produce M

orthogonal outputs. For the case of N=P=2, this is annotated below:
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N=2 symbol substreams s
(highlighted in blue)

Modulator

106

S

Coding Block

one input set of

L10

]

Delay 1-2 are in

Coding Block 110

L

N=2 symbols {S,, S,}

one symbol per symbol l L

substream

1

space-time
coding block

]

orthogonal transform

L

114 142

109

FIG. 1

109

N=P=2
space-time
coded streams

N=pP=2
space-time
coded symbols
(Zl: Z:)

(Paulraj, FIG. 1 (modified for N=P=2, modified to move Delay 1 and Delay 2 to

within the coding block, and annotated); Wilson, §152.) In the *305 patent, the term

“orthogonal output” is used to refer to any output of an orthogonal function,

regardless of whether the outputs are orthogonal to each other.

Based on this

understanding of the term ‘“‘orthogonal output,” the outputs of each IFFT (and

P/S+CP block) in Paulraj would be considered an “orthogonal output” because each

output is the output of an orthogonal function. (Wilson, 4152.) Similarly, a 2-

dimensional Walsh Hadamard code used in a two-chip per bit CDMA system would

have the same structure as the N=P=2 IFFT output. (/d.)
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Under PO’s construction, this claim is satisfied because a POSITA would
understand that when Delay 1 is added before the matrix multiplier 128, Delay 1
would not insert any delay. (Wilson, §153.) This is because the purpose of Delay 1
and Delay 2 is to create a difference in time delay between the two diversity
branches. (/d.) The easiest way to accomplish the desired relative difference in
delay between the two diversity branches is to apply no delay to one diversity branch
and the desired amount of delay to the other diversity branch. (/d.) In this
circumstance, at least the first (m=1) orthogonal output (Z:) is a function of the M
substreams delayed in said delay elements by 0 ((m=1)-1) symbol periods. (/d.)

Under Petitioner’s construction, when Delays 1 and 2 are added before the
matrix multiplier 128 (as discussed above), it would be obvious for Delay 1 to not
insert any delay and Delay 2 to insert a delay of 1 symbol period. (Wilson, §154.)
Using a delay of 1 symbol period has several advantages. For example, a delay of 1
symbol period would (i) be simple, (i1) allow diversity with relative ease of
decoding, and (ii1) be within keeping of typical delay spreads. (/d.) In fact, space-
time coding prior art at that time encouraged the use of “delays of the order of
symbol period.” (EX1035, p.003.)

Paulraj also discloses that the invention applies to “any kind of access

techniques such as TDMA, FDMA, CDMA, OFDMA.” (Paulraj, 9:46-49.) And
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[3

Paulraj teaches that the “value of differential time delay between the diversity
branches is preferably at least equal to the channel length (delay spread of the
channel).” (Paulraj, 5:3-5.) Following Paulraj’s teaching of a time delay “at least
equal” to the delay spread, this would result in a delay of 1 symbol period when the
delay spread is approximately equal to the symbol period—which is a practical
occurrence. (Wilson, §155.) For example, contemporaneous proposed data rates for
Fixed Wireless Access ranged from 1-20 Mbps depending on the channel conditions.
(Id. (citing EX1036, p.004).) For a low-rate Rayleigh channel (e.g., 1 Mbps, which
is approximately equal to 1 bits/us) where diversity could be used to improve the
performance, a POSITA would understand the symbol period to be approximately 1
us. (Wilson, 9155.) Channel length for Fixed Wireless Access ranged from at least

0 to 1 us depending on different factors such as the antenna directionality, distance

from the transmitter to receiver, etc. (/d. (citing EX1037, pp.003-10.)* Accordingly,

4+ EX1037 reports root-mean-square (average) delay spreads ranging from 0-0.5 ps,
and indicates delay spreads of at least up to 1 us. (EX1037, pp.003-10.) Paulraj
discusses delay spread in terms of channel length. (Paulraj, 5:3-5.) A POSITA
would understand that an rms delay spread is approximately half of the channel

length. (Wilson, n.6.) Accordingly, to convert (1) rms delay spread to (ii) delay
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since the low-rate data rate symbol period (1 ps) is within measured delay spread, a
delay from the second diversity branch of one symbol (which is equivalent to or
greater than the delay spread as taught by Paulraj, 5:3-5) would increase the delay
diversity of the channel. (Wilson, §155.) As the symbol periods become smaller
(for higher data rates), this is also encompassed by known delay spreads. (/d.) For
example, EX1037 (Erceg 1999) discloses rms delay spreads of less than 0.1 ps
(which corresponds to a channel length of 0.2 ps) 70% of the time. (EX1037, p.006.)
This suggests it was practical for a system with a symbol period of 0.2 us or less
(approximately 5 Mbs or greater) to experience a channel with a delay equal to the
symbol period. (Wilson, §155.) Adding a delay of 0.2 us (a symbol period), would
improve the diversity of the channel consistent with the teachings of Paulraj, 5:3-5.
(1d.)

In this circumstance, the first (m=1) orthogonal output (Z;) is a function of
the M substreams delayed in said delay elements by 0 ((m=1)-1) symbol periods and

the second (m=2) orthogonal output (Z>) is a function of the M substreams delayed

spread in terms of channel length, the rms delay spread is approximately doubled.

(Id.)
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in said delay elements by 1 ((m=2)-1) symbol period. (Wilson, §156.) An example

is below:
Space-Time Coded Symbol Z,;
2 21: fﬂ(sl, S}_)
Delay 1-2 are in
e 110 Coding Block 110
— [f ] l
' 1 '
T'ranst
130 130
P L delay of 1 Syl'nt:[Ol
132 132 (Sls Sz)PeUO
Zl
DA DA ] l l P time
l_ L e I Space-Time Coded Symbol Z,
Rk RE RE 1 s, S
= fn(S,,
! FIG. 1 f ’ b

109

109

(Paulraj, FIG. 1 (modified for N=P=2, modified to move Delay 1 and Delay 2 to

within the coding block, and annotated); Wilson, §156.)

E.

Grounds 4-6: Claims 1-3, 6 Are Obvious Over Rowitch in View of
Paulraj (Ground 4); and/or Claims 2-3 are Obvious Over Rowitch
in view of Paulraj and Jalali (Ground 5); and/or Claims 2-3 are
Obvious Over Rowitch in view of Paulraj and Schilling (Ground 6)

a. “A transmitter adapted to process a plurality M of
symbol substreams, the transmitter comprising:”
(claim 1, preamble)

Rowitch teaches a transmitter adapted to process a plurality M of symbol

substreams (M=2 complex symbol streams, Yevenand Yopp). (Wilson, 99160-162.)
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Rowitch discloses a transmitter unit 110 that includes modulator 116.
(Rowitch, 4:32-43.) As shown in FIG. 2, in modulator 116 the input data symbols

Y are demultiplexed into two complex symbol streams, Yeven and Yopp:

210a
2
25 212 214a 918 2% 2%4a
Yeven SYMBOL COVER PHASE -
REPEATER ELEMENT ROTATOR
M=2 symbol substreams
¥ — DEMUX 212 Wers ROTATE PN
214b Y Y
Yoo SYMBOL COVER ( EVEN» ODD)
REPEATER ELEMENT
Wsrs one input set of M=2 symbols

" (e-g.» Yevenay Yobpay)

2% 214 216 g 22 224

PHASE
ROTATOR

ROTATE PN

one symbol per symbol substream

| symeoL
REPEATER

FiG. 2

(Rowitch, FIG. 2 (annotated), 5:46-51; Wilson, §161.)
b. “a space-time coding block adapted to produce M

space-time coded symbols per input set of M symbols,”
(claim 1]a.i])

Rowitch discloses a space-time coding block (modulators 210a/b) adapted to
produce M space-time coded symbols (M=2 symbols Si(1) and Sx1)) per input set of
M symbols (per input set of M=2 symbols Yeven) and Yopp())). (Wilson, §9163-
168.)

Rowitch teaches modulator 116 “process[es] a downlink data transmission in

a Space-Time Spreading transmit diversity mode[.]” (Rowitch, 5:43-47.) As shown
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in FIG. 2 and described in Rowitch, for a given time period T=(1) there will be a
complex symbol Yevena) in substream Yeven and a complex symbol Yobpq) in
symbol substream Yopp. (Wilson, §164.) For each set of M=2 symbols (e.g.,
Yevena) and Yobppy) the transmitter produces M=2 space-time coded symbols (Si()

and Sx1)):

M=2 symbol substreams

(Yevew, Yoop) M=2 space-time

] coded streams (Sy, S;)

[ space-time

one input set of M=2 symbols coding block

(ﬂ.g., YE‘»"EN(I): YODD(I)) M=2 SpaCf:-tlﬂlﬂ

coded symbols (Syq). Sary)

one symbol per symbol substream i

2108 Ll
-
28 ) 218 214a 1 22 224a
"JEN SYMBOL COVER PHASE
REPEATER ELEMENT | ROTATOR —* S
*
¥ —| DEMUX 213 Wers ., 2i6a ROTATE PN
y 2 2i4b
v SYMBOL COVER
" REPEATER[ "| ELEMENT 0
.
WSTS
106
=
?jf{‘ 2‘|’¢C f‘zft' 204
SYMBOL COVER PHASE
T *|RePEATER[ "] ELEMENT ROTATOR XH* s
)
21 Wam  om ROTATE PN
[ svmBoL COVER |
REPEATER ELEMENT
*
wﬁT!.

FiG. 2
(Rowitch, FIG. 2 (annotated); Wilson, §164.)
There are multiple ways to draw a box around the transmitter components

described and shown in Rowitch that would satisfy the requirements for the space-

-64-



Petition for Inter Partes Review of
U.S. Patent No. 7,529,305 B1

time coding block. (Wilson, {4[165-166.) For example, two alternatives are shown

below:

space-time space-time
coding block coding block
116
s = itoa
e l 2 214a s Freid 2

SYMBOL COVER

Fii]
ELEMENT

28 i M
¥ ¥ e
" Evme COVER
o 5 ELEMENT = 5
¥ —»| DEMUX " Wirs 0 v —| DEMUX - "
b )
0o 5 COVER Yoo
EATER ELEMENT
w‘s'ﬁ

was
2tk Tih
i e " am 2 o
/ COVER T PHASE e
e > - - g
w, * = +
Lk T8 gy ROTATE PN nu 5T g ROTATE PN
SYMBOL COVER SYMBOL COVER
REPEATER ELEMENT REPEATER ELEMENT
Wrs Wars
FiG. 2 FiG. 2

The present analysis refers to the space-time coding block in Rowitch to be
comprised of modulators 210a/b. Using this example, the output of the space-time
coding block in Rowitch is symbol streams S and Sz, which for the given time period
T=(1) corresponds to symbols Si(1) and Sz1). (Wilson, 9166.)

Symbols Si(1) and S»(1) are each a space-time coded symbol. (Wilson, §167.)
For example, Rowitch teaches modulator 116 “process[es] a downlink data
transmission in a Space-Time Spreading transmit diversity mode[.]” (Rowitch, 5:43-
47.) And within modulators 210a/b, Rowitch teaches cover elements 214a/c and

214b/d cover the data symbols using a Walsh space-time spreading symbol (Wgrg or
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Wsrs). (Rowitch, 5:44-6:21.) Those skilled in the art recognized that STS is a form
of space-time coding. (Wilson, 4167 (citing EX1012, p.006).)

c. “each input set of M symbols comprising one symbol
per symbol substream,” (claim 1][a.ii])

Rowitch discloses each input set of M symbols (M=2 symbols Yevena) and
Y opp(1)) comprises one symbol per symbol substream (Yeven() on substream Yeven
and Yopp(1) on substream Yopp()). (Wilson, 9169-171.) As discussed for the prior
limitations, a POSITA would recognize that for each input set of M=2 symbols,

YEevena) and Yobpq), one symbol is sent on each symbol substream:

210a
208 212 214a 180 222 2243
Y even SYMBOL PHASE
REPEATER ROTATOR — S
M=2 symbol substreams
¥ —f DEMUX 212 Wers .. ROTATE PN
‘ - 2w (Yeven> Yoop)
QoD | SYMBOL COVER
REPEATER ELEMENT
Weos one input set of M=2 symbols

(e.g., YE‘\-‘EN(I)a YODD(]))

212 e M8 gy 22 224b

L SYMBOL COVER PHASE
REPEATER ELEMENT ROTATOR

i W,
2124 STS 94 ROTATE PN

SYMBOL
REPEATER

one symbol per symbol substream

FIG. 2
(Rowitch, FIG. 2 (annotated), 5:46-51 (data symbols Y are “demultiplexed into two

complex symbol streams, Yeven and Yoas”); Wilson, §170.)
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d. “each of the M space-time coded symbols being
included in a respective one of M space-time coded
streams,” (claim 1[a.iii])

Rowitch teaches each of the M space-time coded symbols (M=2 symbols Si)
and Sz1)) 1s included in a respective one of M space-time coded streams (symbol
Si(1) in stream S; and symbol Sy(1y in stream Sz). (Wilson, §[172-174.)

As shown in FIGS. 1-2, Rowitch discloses that “complex output symbol
streams, S1 and S», are subsequently provided to two respective processing paths in
transmitter 118.” (Rowitch, 7:40-55 (further noting that S; goes to antenna 1 and S
goes to antenna 2).) “In the STS mode, two complex data symbols are transmitted

in parallel over two antennas|[.]” (Rowitch, 5:65-66.)

120a

110 \\, 132 130
—

—_—— =~
1206
112 114 116 134 136 138 140
Z Z Z o Z 2 P
DATA TX DATA 118 RX DATA DATA
SOURCE [*lProcESSOR[] MOP [ TMTR RCVR [ DEMOD 0 0cessoRr[™] SINK

FIG. 1
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M=2 symbol substreams

(YE\-’EN: YODD) M=2 space-tume

coded streams (Sy, S;)
. space-tune
one nput set of M=2 symbols I; block )
Y v codmg bloc M=2 space-time
(e.g.. Yevena). Yooogy)
coded symbols (Syq). Sary)
one symbol per symbol substream -
0w L
4
28 ) 21 214a 1 2 224a
"JEN SYMBOL COVER PHASE
REPEATER|[ | ELEMENT | ROTATOR =8 5
*
¥ —# DEMUX 212 Wsrs oo 268 ROTATE PN
2 )
N -
v SYMBOL COVER
o " REF‘E.I\TER_.. ELEMENT 0
—t
WSTS
2108
__._?jf{‘ 2}"{ E‘ER' 204
SYMBOL COVER PHASE
T *|REPEATER[ "] ELEMENT ROTATOR XH s
—t;
212 Wers 214t ROTATE PH
symeoL || covem
REPEATER ELEMENT
*
WETE

FiG. 2

(Rowitch, FIG.1 and FIG. 2 (annotated); Wilson, §173.)

e. “wherein each symbol of the M symbol substreams is
represented in all M space-time coded streams,” (claim

1[b])

Rowitch discloses each symbol of the M symbol substreams (Yeven and Yobp)

is represented in all M space-time coded streams (S1 and S»). (Wilson, 49175-178.)

As shown in Eq(4) and Eq(5) of Rowitch, symbols from each substream Yeven

and Yopp are each included in each of the space-time coded streams S; and S;:
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If only the data symbols and the covering are considered 40
(i.e., ignoring the PN spreading, phase rotation, transmit
gain, pulse shaping, and other signal processing), the com-
plex output symbol stream for antenna 1 can be expressed
as:

SI=Yeven ‘-;VW_YQJJ* H !—[ H Eq(4)

where the asterisk (*} denotes a complex conjugate opera-
tion. Similarly, the complex cutput symbol siream for
antenna 2 can be expressed as:

S.=Y,, . WWsY,  WIW Eq(5)

£

(Rowitch, 7:40-52.) For example, based on the above, for the given time period
T=(1) each symbol Sig) and Sz(1) includes each corresponding substream symbol
Yevena) and Yobpa):

S1y= YeveneyWW - Yopp1)*WW Eq(4) for T=(1)
S2y= Yeven()*WW + YoppyWW Eq(5) for T=(1)
(Wilson, qq176-177.)

f. “wherein the transmitter comprises a delay
arrangement, arranged such that for each symbol of
the M symbol substreams a time of representation of
the symbol in the M space-time coded streams is
different for each of the M space-time coded streams,”
(claim 1]c])

Rowitch in view of Paulraj renders obvious that the transmitter comprises a
delay arrangement (Delay 1 and Delay 2 are obvious to add based on Paulraj),

arranged such that for each symbol of the M symbol substreams (each symbol of the

two substreams Yeven and Yopop, such as Yevena) and Yoppa)) a time of
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representation of the symbol in the M space-time coded streams is different for each
of the M space-time coded streams (Delay 1 and Delay 2 cause Si(1) and Sx(1y, which
each contain Yevena) and Yoop(), to be transmitted at different times from each
antenna and therefore Yeven() and Yobp() are transmitted at different times from
each antenna). (Wilson, 99179-186.)

Petitioner has argued this limitation should be limited to “a time delay
arrangement, arranged such that for each symbol of the M symbol substreams a time
of representation of the symbol in the M space-time coded streams is different for
each of the M space-time coded streams.” (EX1014.) PO has argued this limitation
is broader and includes additional forms of delays such as phase delays. (/d.)
Rowitch in view of Paulraj discloses this limitation under Petitioner’s narrower
construction, and therefore also satisfies PO’s broader construction.

Rowitch discloses space-time diversity but does not disclose delay diversity.
Paulraj, however, teaches including a time delay in each diversity branch to
“improve the effect of diversity as well as reduce the overhead resulting in a higher
throughput.” (Paulraj, 7:62-67.) Paulraj further teaches it is beneficial to include
delay diversity “when there is considerable fading (low K-factor) and delay spread

in the channel.” (Paulraj, 2:29-31.) As shown in FIG. 1, Paulraj teaches adding a
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delay that delays the groupings of symbols prior to digital-to-analog conversion and

then transmission:

Modulator
( 104
L’x 106

S 108
Sy e o s o bﬂSn
Coding Block
/': 110 Delay Control
112
Transform e e e .
130 130
P/S + CP
132 132
r——+Tr - - - - I _l
|
| Delay 1 . Delay P :-u—-
| ]
D/A D/A
140 140
114 |
114 142 142
7 - n
109 FIG. 1 109

(Paulraj, FIG. 1.)

Paulraj teaches “[e]ach of the P delays imposes a particular, unique amount of
delay on the symbols being transmitted.” (Paulraj, 4:65-5:5.) The amount of delay
can be controlled by coding block 110 based on feedback regarding the channel

length if available. (Paulraj, 7:57-61.)
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Just like Paulraj, Rowitch teaches modulator 116 “generate[s] symbols that
are then converted to analog signals” for transmission. (Rowitch, 4:41-43.)
Following Paulraj’s teaching of including a time delay prior to D/A conversion in
each diversity branch to “improve the effect of diversity” (Paulraj, 7:62-67)
particularly when the channel exhibits Rayleigh fading (Paulraj, 2:25-31), a POSITA

would understand that delays could be added to Rowitch as follows:

i
Hia L
. N QT T K
208 ?j,?a .:jla ?.:.2'1 o | |
g
vl |
VER SYMBOL COVER PHASE N
REPEATER[ "] ELEMENT ROTATOR X " Delay 1 _i_"' S1-Delar 1
t [ |
¥ = DEMUX M Werg ‘ ROTATE PN I I
e
Yhoo | syMBOL COVER | | |
REPEATER ELEMEMNT I I
¥ |
Wers I |
| |
! |
! |
E:_{Ec 2;45 23';'5 248 I I
| syMBOL COVER PHASE |
REPEATER| | ELEMENT ROTATOR '_@ i' Delay 2 | — 5; Delay 2
—F ¥ | I
23 Werg ROTATE PN I |
P L [ [ ]
[ symeou COVER
REPEATER| | ELEMENT
.f
lII'ISTS

FiG. 2
(Rowitch, FIG. 2 (annotated to add Delays 1 and 2 as taught by Paulraj, FIG. 1
(Delay 1...Delay P); Wilson, §9181-183.) In the figure above, a delay is shown for
each diversity path. A POSITA would understand that only a relative delay between
symbol streams S; and S> is required and that this could be accomplished using a

singular delay as shown below.
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116
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2124 Wers ROTATE PN | I
- U - I
| symeoL COVER
REPEATER| | ELEMENT
+
WSTS

FIG. 2
(Rowitch, FIG. 2 (annotated to add a delay as taught by Paulraj, FIG. 1); Wilson,
183.)

In accordance with Paulraj’s disclosure that “[e]ach of the P delays imposes a
particular, unique amount of delay on the symbols being transmitted,” (Paulraj, 5:1-
2), a POSITA would understand that Delay 1 and Delay 2 would cause the symbols
in stream S; to be delayed as compared to the symbols in stream S; (or vice versa).
(Wilson, 9184.) Using the example above for the given time period T=(1), a
POSITA would understand that the “unique amount of delay” taught by Paulraj
would results in symbols Si(1) and Sy(1) being transmitted at different times. (/d.) As

shown in the exemplary drawing below, this results in each symbol of the M=2
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symbol substreams (each symbol in streams Ygven and Yopp) having a time of

representation in the M=2 space time coded streams (S and S») that is different:

Space-Time Coded Symbol Sy

S10= Yevenm WW-Yoppa *WW

208 ?j‘?" 214a 2188 ] 243
Y [ svmeoL COVER + PHASE
= REPEATER ELEMENT + ROTATOR X Delay 1 Sl-Dela)' 1
¥ =+ DEMUX 2 Werg sy 208 ROTATE PN
hoo SYMBOL COVER "

|REPEATER ELEMENT b

s
2100
FiF 2M4c 2160 8 it 2240

SYMBOL COVER + PHASE i

—] +
I Wers ROTATE PN i
e - l l l l P time
SYMBOL COVER
REPEATER ELEMENT
“
15 ace-Time Co rmbol S,
i 5 T Coded Symbol Sy,
— e T
FIG. 2 Sa= Yevengy*WW +Yoppy WW )

(Rowitch, FIG. 2 (annotated to add Delays 1 and 2 as taught by Paulraj, FIG. 1
(Delay 1...Delay P), and further annotated to show timing of space-time coded
symbols); Wilson, 9184.) In the above example, Delay 2 causes a full space-time
coded symbol delay as compared to Delay 1. As taught by Paulraj, however, a
POSITA would understand that the amount of delay may vary. (Wilson, 185 (citing
Paulraj, 4:66-5:5).) Accordingly, in some circumstances Sa1) may only be delayed

by a partial symbol as compared to Si(1) (or vice versa) as shown below:
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Space-Time Coded Symbol Sy, Space-Time Coded Symbol Sy
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(Rowitch, FIG. 2 (annotated to add Delays 1 and 2 as taught by Paulraj, FIG. 1
(Delay 1...Delay P), and further annotated to show timing of space-time coded
symbols); Wilson, §185.) Either example satisfies the claims because the symbols
S1(1) and Sx(1) (and subsequent symbols Si2) and Sz(2), etc.) are transmitted at different
times.

Motivation to Combine Rowitch and Paulraj: Both Rowitch and Paulraj

teach diversity transmit-receive methods and devices. (Rowitch, 1:8-11 (“The
present invention relates to data communications. More particularly, the present
invention relates to method and apparatus for efficiently demodulating signals that
have been processed and transmitted in a diversity mode.”) and Paulraj, Abstract (“A
method and apparatus for wireless transmission of a digital bit stream. The present

method employs diversity techniques to minimize multipath fading.”).)
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Rowitch and Paulraj teach similar methods and devices such that a POSITA
would have considered it obvious to, and would have been motivated to, combine
the teachings of these references in order to lead to improved transmit-receive
methods and devices. (Wilson, §187.)

In both Rowitch and Paulraj, signals are space-time coded and then converted
from digital to analog prior to transmission. (Wilson, 189 (citing Rowitch, 4:41-43
and 5:43-47; and Paulraj, Title and 8:28-33).) Paulraj adds to the methods and
devices in Rowitch by further teaching that it may be beneficial to add a time delay
to each diversity branch. (Wilson, 4190 (citing Paulraj, 4:66-5:5).) Paulraj discloses
that controlling the time delay using information about the channel characteristics
can improve the effect of diversity. (Paulraj, 7:63-67.) For example, Paulraj teaches
that delay diversity is particularly suitable when there is considerable fading and
delay spread in the channel. (Paulraj, 2:25-31.)

Those skilled in the art encouraged the combination of space-time diversity
(as in Rowitch) and delay diversity (provided by Delays 1-P in Paulraj) to improve
the performance of wireless communication systems. (See, e.g., EX1032, Abstract,
2:74-57; EX1003, pp.001-02 (“When possible, cellular systems should be designed
to encompass all forms of diversity to ensure adequate performance[.]”); EX1033,

7:20-40 (teaching symbol delay can be used with space-time coding); EX1030,
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p.002 (teaching combination of delay and spatial diversity); EX1026 (Schilling),
FIG. 5, 4:27-34, 12:10-57.) Indeed, using delay diversity with a CDMA system
(such as Rowitch) had been well-known since at least the early 1990s. (EX1028,
p.006.) And multiple antenna CDMA systems (such as Rowitch) were known to
employ delay diversity for the downlink transmitter. (EX1025 (Yong 2000), FIG.
1, pp.001-02.) Accordingly, the prior art encouraged the proposed combination.
(Wilson, 9192.)

Moreover, Paulraj teaches using time delays with space-time coded symbols
to improve diversity for Rayleigh fading channels. (Paulraj, 2:25-31.) And the 3G
systems used as examples in Rowitch (CDMA 2000 and WCDMA) were designed
to operate in Rayleigh fading channels with multipath fading. (Wilson, 4193 (citing
EX1024, p.005).) Accordingly, introducing more diversity into the channel using a
time delay was a known way to increase reliability in the presence of a fading
channel that is encouraged by Paulraj and applies to Rowitch. (Wilson, 4193.)

Based on the teachings in Paulraj, a POSITA would have had every
expectation of success in adding the time delays to Rowitch. (Wilson, 4194.)
Rowitch teaches modulator 116 transmits in “a Space-Time Spreading transmit
diversity mode in accordance with the CDMA-2000 standard” (Rowitch, 5:43-47)

and Paulraj teaches that its techniques apply to CDMA based systems. (Paulraj,
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9:45-49 (“The embodiments of the invention can be used in conjunction with any
kind of access techniques such as TDMA, FDMA, CDMA, OFDMA or any
combination of such techniques.”).)

Moreover, Rowitch includes discussion of multiple design options in the
receiver to account for different time delays on each path. (See, e.g., Rowitch, 8:13-
46 (teaching that demodulator 400 aligns pilots to account for path delay); id., 14:13-
21 (noting that demodulator 500 is designed to address path delay without requiring
pilot alignment); see also id., FIGS. 6-7 and discussion (disclosing demodulators
600 and 700, which also address path delay without requiring path alignment).) This
provides evidence that a POSITA would have been able to successfully add time
delays to the transmitter in Rowitch because the receiver was already designed to
account for delay. (Wilson, 4195.)

In addition, Rowitch teaches the correlators in FIGS. 5, 6, and 7 “can be
operated to track the timing corresponding to the signal instances being processed.”
(Rowitch, 17:10-14.) A POSITA would understand this combines well with
Paulraj’s disclosure that it is beneficial to control Delays 1-P based on channel
conditions such as delay spread. (Wilson, §196 (citing Paulraj, 4:65-5:5).) In effect,
Rowitch provides a receiver that can provide the type of channel information that

Paulraj discloses is useful for controlling the transmitter. (Wilson, 4196.)
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Accordingly, a POSITA would have found it obvious to combine, and would
have been motivated to combine, the teachings of Rowitch and Paulraj because it
merely involves using the known technique from Paulraj (of adding delays to each
diversity branch) to improve the known device in Rowitch (a diversity transmitter)
in the same way (improving the effect of diversity, including for Rayleigh
conditions). (Wilson, §197.)

Likewise, a POSITA would have found it obvious to combine, and would have
been motivated to combine, the teachings of Rowitch and Paulraj because it merely
involves applying the known technique from Paulraj (of adding delays to each
diversity branch) to the known device in Rowitch (a diversity transmitter) to
predictably result in improving the transmit-receive diversity methods and devices
in Rowitch (improving (W)CDMA based diversity methods and systems). (Wilson,
q198.)

g. “each space-time coded symbol comprising a

representation of a symbol of each of the M symbol
substreams;” (claim 1[d])

Rowitch discloses each space-time coded symbol (Si1y and Sa(1)) comprising
a representation of a symbol of each of the M symbol substreams (Yevena) and
Yobp)). (Wilson, 9199-202.)

Rowitch teaches each symbol (e.g., Si1) and Sz1)) in symbol streams S; and

S> includes a representation of each symbol (e.g., Yeven) and Yobp()) from streams
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Yeven and Yopp. For example, based on the above, for the given time period T=(1)

each symbol Si1) and Sy(1)includes each corresponding substream symbol Yeven()

and Y opp():
Si= Yevena)WW - Yopp1)*WW Eq(4) for T=(1)
Soy= Yevena)*WW + YoppayWW Eq(5) for T=(1)

tch, Eq(4) and Eq(5) (modified for T=(1)); Wilson, §4200-201.)
h. “a plurality M of transmit antennas each adapted to

transmit a respective one of the M space-time coded
streams,” (claim 1][e])

Rowitch discloses a plurality M of transmit antennas (M=2 antennas: antenna
1 and antenna 2) each adapted to transmit a respective one of the M space-time coded
streams (S1 (on antenna 1) and S; (on antenna 2)). (Wilson, 49203-205.)

Rowitch teaches each of the M=2 space time coded streams S; and S, are
transmitted over a respective antenna. (See, e.g., Rowitch, 5:58-61 (“Each
modulator 210...provides a complex output symbol stream S for a respective
antenna.”), 5:65-66 (“In the STS mode, two complex data symbols are transmitted
in parallel over two antennas”), 7:40-52 (identifying S; as “the complex output
symbol stream for antenna 1” and S: as “the complex output symbol stream for
antenna 2”); Wilson, 9204.) For example, Rowitch FIG. 1 shows that two antennas

(120a, 120b) can be used:
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120a
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SOURCE [*lProcESSOR[] MOP [ TMTR RCVR [ DEMOD 0 0cessoRr[™] SINK
FIG. 1

(Rowitch, FIG. 1.)
i. “such that for each symbol of each input set of M
symbols, the M space-time coded symbols that contain

a representation of the symbol are transmitted at
different times.” (claim 1[f])

Rowitch in view of Paulraj renders obvious that for each symbol of each input
set of M symbols (each input set of M=2 symbols in streams Yevex and Yopp, such
as Yevena) and Yopopa)), the M space-time coded symbols that contain a
representation of the symbol (each corresponding symbol in streams S; and S, such
as Si1) and Sy(1)) are transmitted at different times (Delay 1 and Delay 2 are unique
delays that cause Si) and S»q) to be transmitted at different times from each
antenna). (Wilson, 99206-208.)

As set forth above, a POSITA would have considered it obvious to add delays
to each diversity branch in Rowitch to “improve the effect of diversity” (Paulraj,

7:62-67), resulting in the space-time coded symbols (Si(1y and Sz for T(1), Si2) and
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S»(2) for T=(2), etc.) being transmitted at different times:

Space-Time Coded Symbol Sy,
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(Rowitch, FIG. 2 (annotated to add Delays 1 and 2 as taught by Paulraj, FIG. 1

(Delay 1...Delay P), and further annotated to show timing of space-time coded

symbols); Wilson, 4207.)
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2. Claim 2: “A transmitter according to claim 1 further
comprising a demultiplexing and encoding block comprising
a  demultiplexer having M  outputs, and M
encoder/modulators each producing a respective one of the M
symbol substreams, with each of the M encoder/modulators
connected to receive a respective one of the demultiplexer
outputs.”

a. Ground 4 — Rowitch in view of Paulraj

Rowitch in view of Paulraj renders obvious the transmitter further comprising
a demultiplexing and encoding block comprising a demultiplexer having M outputs
(a demultiplexer having M=2 outputs), and M encoder/modulators each producing a
respective one of the M symbol substreams, with each of the M encoder/modulators
connected to receive a respective one of the demultiplexer outputs (M=2 TX data
processors). (Wilson, §9209-212.)

Rowitch teaches that traffic data is sent to “transmit (TX) data processor 114
that formats, encodes, and processes the data” prior to modulator 116. (Rowitch,
4:34-43.) Rowitch teaches the output of the TX data processor 116, which is
comprised of data symbols Y, is then provided to modulator 116 which then
“demultiplexe[s] [the data symbols Y] into two complex symbol streams, Y even and
Yoaa.” (Rowitch, 5:46-51.)

A POSITA, however, would have considered it obvious to demultiplex the
traffic data prior to encoding/modulating by the TX data processors,

encoding/modulating using parallel TX data processors, and then inputting the
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parallel streams of symbols (Yeven and Yobp) to the space-time coding. (Wilson,
211.) It was furthermore well-known in the art that when parallel streams are
desired (such as in Rowitch) it would be obvious to either (i) encoded/modulate and
then demultiplex (as in Rowitch), or (i1) demultiplex and then encode/modulate. (/d.
(citing EX1026 (Schilling), FIG. 1 v. 2, 6:1-15, 12:30-57).)

b. Ground 5 — Rowitch in view of Paulraj in further view
of Jalali

Rowitch in view Paulraj in further view of Jalali renders obvious the
transmitter further comprising a demultiplexing and encoding block comprising a
demultiplexer having M outputs (a demultiplexer having M=2 outputs), and M
encoder/modulators each producing a respective one of the M symbol substreams,
with each of the M encoder/modulators connected to receive a respective one of the
demultiplexer outputs (M=2 TX data processors, consistent with the encoders 312a-
312k in FIG. 3 of Jalali). (Wilson, qY213-215.)

Jalali teaches a demultiplexer that demultiplexes an input data stream and
produced M=k outputs, and M=k encoder/modulators 312a-312k to produce the
symbol substreams (where each encoder/modulator is connected to receive a

respective one of the demultiplexer outputs):
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(EX1027 (Jalali), FIG. 3, 16:23-58.) A POSITA would have understood that
substituting (i) the encoding and then demultiplexing design in Rowitch with (ii) a
demultiplexer and then encoding design as taught in Jalali, merely involves the
simple substitution of one known element for another to obtain predictable results.
(Wilson, 9214.) There is no material difference between (i) encoding and then
demultiplexing, and (ii) demultiplexing and then encoding, and a POSITA would
have every expectation of success in making this modification. Indeed, the prior art
recognizes the interchangeability of these approaches and shows that changing the
order of operations is an obvious design alternative. (/d. (citing EX1026 (Schilling),

FIG. 1 v. 2, 6:1-15).)
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c. Ground 6 — Rowitch in view of Paulraj in further view
of Schilling

Rowitch in view Paulraj in further view of Schilling renders obvious the
transmitter further comprising a demultiplexing and encoding block comprising a
demultiplexer having M outputs (a demultiplexer having M=2 outputs), and M
encoder/modulators each producing a respective one of the M symbol substreams,
with each of the M encoder/modulators connected to receive a respective one of the
demultiplexer outputs (M=2 TX data processors, consistent with the demutiplexer
and then encoders in Schilling). (Wilson, §9216-218.)

Schilling teaches that (i) encoding and then demultiplexing, and
(11) demultiplexing and then encoding, are alternatives. For example, Schilling FIG
1 teaches encoding and then demultiplexing, and Schilling FIG. 2 teaches that
“alternatively” the same result can be accomplished by demultiplexing and then

encoding:

-86-



Petition for Inter Partes Review of
U.S. Patent No. 7,529,305 B1

Encoding and then Demultiplexing

32
J - TAI
21 22 TA2
I - a1t HY "
DATA FEC T
| oo [ NEREAR DEMULTIPLEXER ?gz(l} 43? -
| .
) ] a3t 53
<
1 W 94(t)
31 CHIP-SEQUENCE
SIGNAL GENERATOR
Demultiplexing and then Encoding
3 527 522 ’3 TAI
~ ENeoBR - INTERLEAVER T2
621 gt 3
DATA FEC ~  INTERLEAVER S TA3
DEMULTIPLEXER ENCODER ™ 622 ut)
| T Fee = . TA4
e INTERLEAVER -
ENCODER ~
I L= 722 ] ] W) g Y
I e— ] !
i FEC ~' ¢ |
| = mcoper [ INTERLEAVR S 1 W "%;m
L-. |
82 |
CHIP-SEQUENCE |~
SIGNAL GENERATOR | 31
FIG.2

(EX1026 (Schilling), FIG. 1 v. 2, 6:1-15; see also id. at 12:30-57 (confirming
another embodiment where demultiplexing is performed prior to encoding); Wilson,

9217.) Following Schilling’s teaching that it is an acceptable alternative to

-87-




Petition for Inter Partes Review of
U.S. Patent No. 7,529,305 B1

demultiplex and then encode, a POSITA would have considered it obvious to
substitute the encoding and then demultiplexing design in Rowitch with a
demultiplexer and then encoding design as taught in Schilling because it merely
involves the simple substitution of one known element for another to obtain
predictable results. (Wilson, §217.) A POSITA would have had an expectation of
success in making this modification because it merely involves a different order of
operations, and the prior art (including, but not limited to, Schilling) showed it was
an acceptable design option to demultiplex prior to encoding. (/d. (citing EX1027
(Jalali), FIG. 3, 16:23-58).)

3. Claim 3: “A transmitter according to claim 2 wherein the

demultiplexing and encoding block is adapted to produce the
M symbol substreams from an input stream.”

Rowitch in view of Paulraj (Ground 4) and/or Rowitch in view of Paulraj in
further view of Jalali (Ground 5), and/or Rowitch in view of Paulraj in further view
of Schilling (Ground 6) renders obvious the demultiplexing and encoding block is
adapted to produce the M symbol substreams from an input stream. (Wilson, §9219-
223.)

Ground 4: As discussed for Claim 2, it was well-known in the art that when
parallel streams are desired (such as in Rowitch) it would be obvious to either
(i) encoded/modulate and then demultiplex (as in Rowitch), or (ii) demultiplex and

then encode/modulate. (EX1026 (Schilling), FIG. 1 v. 2, 6:1-15, 12:30-57; Wilson,
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9220.) Moreover, it was well-known to a POSITA that the demultiplexing/encoding
would be adapted to produce the M symbol substreams from an input stream.
(Wilson, 9220 (citing EX1027 (Jalali), FIGS. 3, 4A, 5A; EX1026 (Schilling), FIG.
1v.2).)

Ground 5: In addition, if a POSITA modified Rowitch in view of Jalali (as
discussed for claim 2, Ground 5), this combination results in a “demultiplexing and
encoding block [that] is adapted to produce the M symbol substreams from an input

stream.” Indeed, Jalali teaches the input is an aggregate input data stream:
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csl
FIG. 3

(EX1027 (Jalali), FIG. 3, 16:23-58; Wilson, 4221.) And Rowitch teaches generating
the two complex streams (Yeven and Yopp) by demultiplexing one data stream.

(Rowitch, FIG. 1 and FIG. 2.)
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Ground 6: In addition, if a POSITA modified Rowitch in view of Schilling
(as discussed for claim 2, Ground 6), this combination would result in a
“demultiplexing and encoding block [that] is adapted to produce the M symbol
substreams from an input stream” since both Rowitch and Schilling teach starting
with a single input stream. As shown below, Schilling teaches the input is a single

data stream:

i 521 522
o b Vil . TAY
EOBER INTERLEAVER T
621 gq(t) | 33
DATA FEC .| INTERLEAVER £ TA3
DEMULTIPLEXER ENCODER e ol |,
| | FEC = . TA4
— NTERLEAVER |
— == 1 [ ——————— ! ]
FE{‘l L+ f
| = ENcoDER [~  INTERLEAVER < S l
| —
|
822 !
CHIP-SEQUENCE
SIGNAL GENERATOR | 31

(EX1026 (Schilling), FIG. 2; Wilson, 9222.)

4. Claim 6: (Depending on Claim 1)

Claim 6 is disclosed and rendered obvious by Rowitch in combination with
Paulraj (Ground 4), and/or Rowitch in combination with Paulraj in further view of

Schilling (Ground 6).
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a. “A transmitter according to claim 1 wherein the delay
arrangement comprises: delay elements adapted to
insert a delay in at least one of the M substreams; and”
(claim 6]a])

Rowitch in view of Paulraj (Ground 4) and Rowitch in view of Paulraj in
further view of Schilling (Ground 6) renders obvious wherein the delay arrangement
(Delay 1 and Delay 2 are obvious to add based on Paulraj) comprises: delay elements
adapted to insert a delay in at least one of the M symbol substreams (when added
before the modulators 210a/b the delays insert a delay in the M =2 substreams Yrven
and Yopp). (Wilson, 99225-230.)

Petitioner and PO agree that “the M substreams” refers to “the M symbol
substreams.” (EX1014.)

Petitioner argued this limitation should be limited to “delay elements adapted
to insert a time delay in at least one of the M symbol substreams.” (EX1014.) PO
argued this limitation is broader and includes additional forms of delays such as
phase delays. (EX1043, 944.) Rowitch in view of Paulraj discloses this limitation
under Petitioner’s narrower construction, and therefore also satisfies PO’s broader
construction.

As discussed for Claim 1, a POSITA would have considered it obvious to add
delays to each diversity branch in Rowitch to “improve the effect of diversity[.]”

(Wilson, 9228 (citing Paulraj, 7:62-67).) For purposes of claim 1, the delay elements
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were added after modulators 210a/b. However, a POSITA would consider it obvious

(and mathematically equivalent) to add the delay elements at the input of modulators

210a/b as shown below:

Space-Time Coded Symbol Sy

Sl(l)= YEVE.\?(I)“"—“LYODD(IJ* WW
L
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28 | i ——— 22 24 2128 22 224
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REPEATER ELEMENT
WS'\"
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2% 214 2160 218 e 2240
SYMBOL COVER ]+ PHASE
11 REPEATER| | ELEMENT o " romator [HOH &
Delay 2 213 Wrs rre ROTATE PN | | | | _
SYMBOL COVER P time
| "|REPEATER ELEMENT
S ——— t )
Wsrs Space-Time Coded Symbol Sy
FIG. 2

lejz YE\-'EN( 1)‘“@4‘&’0[}[}(1) “T“'

(Rowitch, FIG. 2 (annotated based on teachings of Paulraj); Wilson, 4228.) It was

known in the prior art to use a configuration where the delay (104) is prior to space-

time diversity encoding:
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FIG. 1

(EX1032, FIG.1, 4:3-5 (“Offset block 104 causes a 2 symbol period delay[.]”).) A
POSITA would understand adding delays prior to modulators 210a/b is
mathematically equivalent to adding the delays after modulators 210a/b. (Wilson,
9228.) For example, as shown below, the prior art recognized that an embodiment
with the delay before encoding/interleaving (FIG. 5) is a known “alternative” for
achieving delay diversity that is equivalent to the delay coming after

encoding/interleaving (FIG. 4):
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(EX1026 (Schilling), FIG. 4 v. FIG. 5, 12:30-57; Wilson, 9228.)

Ground 6: To the extent necessary, it would have been obvious to combine
Rowitch and Paulraj with Schilling for this limitation. As discussed above, Schilling
teaches that 1t was a known alternative to place the delay before
encoding/interleaving (FIG. 5). Following Schilling’s teaching, modifying Rowitch
and Paulraj to include the delay prior to encoding would merely be a simple
substitution of one known approach (obtaining delay diversity by inserting a delay
after encoding) for another (obtaining delay diversity by inserting a delay before

encoding) to obtain predictable results. (Wilson, 4229.)
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b. “the space-time coding function further comprises an
orthogonal transform adapted to produce M
orthogonal outputs, with the mth orthogonal output
being a function of the M substreams delayed in said
delay elements by m—1 symbol periods.” (claim 6[b])

Rowitch in view of Paulraj (Ground 4) and Rowitch in view of Paulraj in
further view of Schilling (Ground 6) renders obvious this limitation. (Wilson,
19231-237.)

Petitioner and PO agree that “the space-time coding function” refers to “the
space-time coding block.”

PO argues this limitation should be construed such that it is satisfied as long
as the limitation is met for any single value of m, where 1 <m < M. (EX1042,
p.003.) Petitioner has taken the position this limitation should be construed to
require that the claim be satisfied for every value of m, where 1 <m <M. As set
forth below, this limitation is obvious under either construction.

Rowitch discloses modulators 210 which perform an orthogonal
transformation function to produce M orthogonal outputs (S; and S, are orthogonal
outputs). (Wilson, 4234 (explaining why the vectors S1= YevenWW - Yopp*WW and
S2= Yeven*WW + YoppWW are orthogonal by construction).)

Under PO’s construction, a POSITA would understand that when Delays 1
and 2 are added to Rowitch (as discussed above), it would be obvious for Delay 1 to

not insert any delay. (Wilson, 4235.) This is because the purpose of Delay 1 and
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Delay 2 is to create a difference in time delay between the two diversity branches.
(Id.) The easiest way to accomplish the desired relative difference in delay between
the two diversity branches is to apply no delay to one diversity branch and the desired
amount of delay to the other diversity branch. (/d.) In this circumstance, at least the
first (m=1) orthogonal output (S) is a function of the M substreams delayed in said
delay elements by 0 ((m=1)-1) symbol periods. (/d.)

Under Petitioner’s construction, a POSITA would understand that when
Delays 1 and 2 are added to Rowitch (as discussed above), it would be obvious for
Delay 1 to not insert any delay and Delay 2 to insert a delay of 1 symbol period.
(Wilson, 9236.) Using a delay of 1 symbol has several advantages. For example, a
delay of 1 symbol period would (i) be simple, (ii) allow diversity with relative ease
of decoding, and (iii) be within keeping of typical delay spreads. (/d.) Indeed, space-
time coding prior art at that time encouraged the use of “delays of the order of
symbol period.” (EX1035, p.003.) If the delay were longer that would give a longer
delay period requiring more complexity with a RAKE detector, MLSE, or any other
type of detector. (Wilson, 4236.) Paulraj teaches that the “value of differential time
delay between the diversity branches is preferably at least equal to the channel length
(delay spread of the channel).” (Paulraj, 5:3-5.)

Following Paulraj’s teaching of a time delay “at least equal” to the delay
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spread would result in a delay of 1 symbol period when the delay spread is equal to
the symbol period—which is a practical occurrence. (Wilson, §237.) For 3G
technologies (such as CDMA-2000 and WCDMA discussed in Rowitch), data rates
could vary between 4 chips per bit to 256 chips per bit. (/d. (citing EX1044, pp.005-
06; EX1045, p.010).) For a chip rate of 3.84 Mchips/s, the symbol period
(corresponding to symbols on substreams Yeven and Yopp) would vary from
approximately 4 to 64 us. (/d. (citing EX1044, p.005; EX1045,p.010).) This range
(4-64 ns) overlaps substantially with measured delay spreads. For example, EX1034
reported root-mean-square (rms) delay spreads of 1.3-25 us for urban environments,
which equates to approximately a 2.6-50 ps channel length delay spread. (Wilson,
9237 (citing EX1034, p.002 (reporting urban delay spread from NYC of 1300 ns
avg., and urban delay spread for San Francisco of 25 ps; which further cites EX1038-

1041)).)> Accordingly, since the potential symbol periods (4-64 us) overlaps

> Paulraj discusses delay spread in terms of channel length. (Paulraj, 5:3-5.) A
POSITA would understand that an rms delay spread is approximately half of the
channel length. To convert (i) rms delay spread to (ii) delay spread in terms of

channel length, the rms delay spread is approximately doubled. (Wilson, n.8.) Note
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substantially with the practical delay spread (2.6-50 us), Paulraj’s teaching of a time
delay “at least equal” to the delay spread would practically result in a delay of 1
symbol period when the delay spread is equal to the symbol period. (Wilson, 4237.)
Indeed, when the delay spread is near the symbol period length, a POSITA would
be motivated to select a delay of one symbol period for implementation simplicity.
In this circumstance, the first (m=1) orthogonal output (S1) is a function of the M
substreams delayed in said delay elements by 0 ((m=1)-1) symbol periods and the
second (m=2) orthogonal output (S2) is a function of the M substreams delayed in
said delay elements by 1 ((m=2)-1) symbol period. (/d.)

VII. SECONDARY CONSIDERATIONS

There is no objective evidence of non-obviousness that might warrant a
finding that the petitioned claims are patentable. Indeed, PO has not identified any
secondary considerations evidence.

VIII. CONCLUSION

Petitioner respectfully requests institution of review on claims 1-3, and 6.

that even if rms delay spread is used, there is still substantial overlap between the

potential symbol periods (4-64 us) and the rms delay spread (1.2-25 ps). (/d.)
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