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LISTING OF CLAIMS

Claim 1. [1Pre] A method of enabling a flexible channel bandwidth for mobile radio
communications, comprising:

[1A] provisioning a set of Orthogonal Frequency Division Multiplexing
(OFDM) subcarriers for mobile radio communications;

[1B] encoding data symbols with polyphase codes derived from a
discrete Fourier transform to produce encoded data symbols; and

[1C] modulating the encoded data symbols onto the OFDM subcarriers
to produce a superposition signal that resembles a single-carrier signal and has
one of a plurality of different symbol durations;

[1D] wherein provisioning comprises selecting one of a plurality of
different selectable subcarrier spacings, to provide for the one of the plurality
of different symbol durations.

Claim 2. The method of claim 1, wherein at least one of the plurality of different
selectable subcarrier spacings equals at least one other of the plurality of different
selectable subcarrier spacings multiplied by a scaling factor that is a power of two.
Claim 3. The method of claim 1, wherein the superposition signal is provided with
a cyclic prefix.

Claim 5. The method of claim 1, wherein the provisioning is performed by a user
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device or a base station.
Claim 8. [8Pre] An apparatus for providing flexible channel bandwidth in mobile
radio communications, comprising:
[8A] at least one processor; and
[8B] at least one non-transitory computer-readable memory in
electronic communication with the at least one processor, and instructions
stored in the at least one memory, the instructions executable by the at least
one processor for:
[8Ci] provisioning a set of Orthogonal Frequency Division
Multiplexing (OFDM) subcarriers for mobile radio communications;
[8Cii] encoding data symbols with polyphase codes derived from a
discrete Fourier transform to produce encoded data symbols; and
[8Ciii] modulating the encoded data symbols onto the OFDM
subcarriers to produce a superposition signal that resembles a single-carrier
signal and has one of a plurality of different symbol durations;
[8Civ] wherein provisioning comprises selecting one of a plurality of
different selectable subcarrier spacings, to provide for the one of the plurality
of different symbol durations.

Claim 9. The apparatus of claim 8, wherein at least one of the plurality of different

vi
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selectable subcarrier spacings equals at least one other of the plurality of different
selectable subcarrier spacings multiplied by a scaling factor that is a power of two.
Claim 10. The apparatus of claim 8, further comprising instructions stored in the at
least one non-transitory computer-readable memory, the instructions executable by
the at least one processor for adding a cyclic prefix to the superposition signal.
Claim 12. The apparatus of claim 12, wherein the provisioning is performed in a
user device or a base station.
Claim 15. [15Pre] A computer program product, comprising a non-transitory
computer-readable memory having computer readable program code stored therein,
the program code containing instructions executable by one or more processors of a
computer system for:
[15A] provisioning a set of Orthogonal Frequency Division
Multiplexing (OFDM) subcarriers for mobile radio communications;
[15B] encoding data symbols with polyphase codes derived from a
discrete Fourier transform to produce encoded data symbols; and
[15C] modulating the encoded data symbols onto the OFDM
subcarriers to produce a superposition signal that resembles a single-carrier
signal and has one of a plurality of different symbol durations;

[15D] wherein provisioning comprises selecting one of a plurality of

vii
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different selectable subcarrier spacings, to provide for the one of the plurality
of different symbol durations.
Claim 16. The computer program product of claim 15, wherein at least one of the
plurality of different selectable subcarrier spacings equals at least one other of the
plurality of different selectable subcarrier spacings multiplied by a scaling factor that
is a power of two.
Claim 17. The computer program product of claim 15, further comprising
instructions stored in the at least one non-transitory computer-readable memory, the
instructions executable by the at least one processor for adding a cyclic prefix to the
superposition signal.
Claim 19. The computer program product of claim 15, wherein the provisioning is

performed in a user device or base station.

viii
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I. GROUNDS FOR STANDING

Petitioner has standing to bring this challenge because neither it nor any privy
or real party-in-interest was served with a Complaint more than one year before the

filing of this Petition and it is not estopped from bringing this challenge.

II. TECHNICAL OVERVIEW

The Challenged Patent relates to processes for use in orthogonal frequency
division multiplexing (“OFDM”) wireless communications. OFDM has been studied
for more than 50 years. EX1014, pp.26-28; EX1015, pp.20-24.

A textbook example of an OFDM transceiver is shown below.

\L RFTX k— DAC

Binary
. i . Add cyelic
input Codi Interleavi QAM 'Pﬂm' Seralto | Paralle! ! J
dma_b ne |_’ plereaving 1 mapping > insertion | ] paralle] I y 10 serial — mslcnsw.n and
windowing
Lp| IFFT (TX)
Binary — FFT (RX)
output Re "
; . . QAM Channel Parallel Serial 1o move cyclic
data 4— Decoding —jDeinterleaving fe— demapping correction [ 1o serial - paraliel 4 extension
Frequency
\/ Symbol timing | corrected
signal
Timing and
RFRX |— ADC |} frequency
synchronization

EX1015, p.48. An OFDM signal is formed at the transmitter using an inverse Fourier
transform, typically implemented using an inverse fast Fourier transform (“IFFT”).

1d., pp.42, 47-48. A guard interval including a cyclic prefix is added to minimize
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intersymbol interference (“ISI”’) and intercarrier interference (“ICI™). Id., pp.39-40.

OFDM systems can exhibit high peak-to-average power ratios (“PAPR” or
“PAR”). EX1013, p.1780; EX1014, pp.31-32. The Challenged Patent reduces PAPR
in OFDM systems by spreading input data using complex-valued codes called “CI
codes” or “orthogonal polyphase CI codes.” EX1001, 56:2-7, 68:3-7. Reducing
PAPR in OFDM using complex-valued DFT spreading codes was not new. Various
publications described using DFT spreading codes to reduce PAPR in OFDM
systems before the earliest claimed effective filing date. For example, a 1998 article
by Briininghaus observes that when an “FFT matrix” is used “as a spreading matrix
for OFDM-CDM?” signals, this “leads to a single-carrier system with guard interval.”
EX1016, p.2332. A 2000 article by Bury explains that “Fourier spreading” can be
“implemented by a discrete Fourier transform (DFT) operation” and the resulting
transmission can have a “much lower” PAPR. EX1007, p.857. A 2002 article by
Galda “shows how an OFDM-FDMA uplink system can be combined with a user
data spreading technique based on the DFT spreading matrix to reduce the PAR of
the uplink signal without increasing the computational complexity of the
transmitter.” EX1004, p.1738.

Additionally, a POSITA knew using variable subcarrier allocations and
spacing assignments to provide for more control over uplink communications was

being considered. For instance, various documents submitted to the IEEE for WiMax
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show variable subcarrier spacings were being considered:

Table 5: Example of numerical values for the OFDM parameters

RF Channel (MHz) B 7 6 5 3.5 3 1,75
Sampling rate 1/T (MHz) B 7 6 5 3.5 3 1,75
FFT size N 64 64 64 64 64 64 64
Subcarrier spacing fc (KHz) | B/64 | 109,375| 93,75 | 78,125 | 54,688 | 46,875 | 27,344
FFT time Tc (us) 64xT| 9,143 | 10,667 | 12,800 | 18,286 | 21,333 | 36,571

Cyclic prefix time Tp (us) 16 xT| 2,286 2,667 3,200 4,571 5,333 9,143
Symbol duration Ts (us) 80xT]| 11,429 | 13,333 | 16,000 | 22,857 | 26,667 [ 45,714

Symbol rate fs (Ksym/s) 1/Ts ] 87,500 | 75,000 | 62,500 | 43,750 | 37,500 | 21,875
Number of data subcarriers 48 48 48 48 48 48 48
Number of pilot subcarriers 4 4 4 4 4 4 4
Total number of subcarriers 52 52 52 52 52 52 52
QOccupied BW (KHz) 53 xfc| 5797 4969 4141 2898 2484 1449

EX1009, p.11.

The tables below show another WiMAX proposal in which the base station
chooses a FFT size depending on the nature of the traffic (Table 3.5), and the DFT
size results in changes to the “OFDM subcarrier spacing” calculated as the sampling
rate divided by the FFT size (Table 3.6), thus providing the subcarrier spacings

shown in Table 3.7.
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Selection Level Parameter Symbol Set of Values FFT Size Sample Rate | Subcarrier §pacing
System- Channel Width (MHz) W 1.75,3.5,7, 14, R
Dependent 15.3.6.12 N (MSam/sec) (Hz)
Parameters s 1.25 4882.813
Design Maximum Delay d 4,10,20 15 5859.375|
Spread (psec) 25 9765.625|
Spectral Guard Factor 0.18, 0.25 256 3 11718.750
Sample Rate (MSam/sec) See Tables 2.1, 2.2 g ;gig;ggg
Number of Pilot Tones [Note 1] 10 39062.500
Number of Guard Tones G [Depends on adjacent 12 46875.000
channel constraints (Note 1.25 2441.406
2)] 1.5 2929.688|
Link-Dependent Number of QAM States M 4,16, 64 2.5 4882.813
Parameters - 512 3 5859.375
Code Rate r 1/2,2/3,3/4,7/8 5 9765.625)
Traffic- FFT Size N 256, 512, 1024, 2048 6 11718.750
Dependent 10 19531.250
Parameter 12 23437.500
o , . . e 1.25 1220.703
I'able 3.5 Parameters and Values Defining Operating Modes for MC Systems 15 1464.844
25 2441.406)
— 1024 3 2929.688|
Dependent Parameter Symbol Formula Note 5 4882 813
Number of Samples in Cyclic C 2eRed 2. 6 5859.375
Prefix+Postfix 10 9765.625
12 11718.750
Number of Payload Subcarriers P N-G-L 1.25 610.352
Frequency Spacing of Available e W/L 15 732422
Channel Estimates Measurable In 25 s
One Block 2048 3 1464.844
ne Bloe 5 2441.406
OFDM Symbol Period S (N+C-w)/R 6 2929.688
_ _ 10 4882.813
OFDM Subcarrier Spacing s R/N 3 12 5859.375

Table 3.6 Guidelines for Subsidiary Parameters In MC Systems Table 3.7 Subcarrier Spacing in MC Mode

EX1010, pp.17-19 (describing “Traffic-Dependent Parameters”). Adjusting
transmission parameters “greatly increases the efficiency of spectrum utilization.”
Id.,p.17.

Selecting subcarrier spacing was also being proposed for the nascent LTE
standard by 2002. For example, Doufexi describes “key link parameters of OFDM
for a potential 4G cellular standard” including “subchannel spacing.” EX1003, p.1.
But, because 4G systems “will be deployed in a wide range of environments, a fixed

set of parameters is not capable of achieving high performance in all cases.” Id.
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Therefore, Doufexi proposes “dynamically adapting one or more of the” parameters

and provides an example of a system with selectable subcarrier spacings:

Table 2. OFDM Parameters for 4G.

Parameter Value 1 Value 2
Operating Frequency 2GHz 2GH:
Bandwidth (B) 4096 kHz 4096 kH=
Useful Symbol Duration (7) 62.5 s 125 us
Guard Interval Duration (7,) 15.625 us (T/4) 31.25us (T/4)
Total Symbol Duration ( Tsymbor/ 78.125 ps (with GI =T74) 156.25 us (with GI =T/4)
Inner Channel Coding Punctured 1/2 rate convolution code. Punctured 1/2 rate convolution code,
Constraint length 7. {133, 171} et Constraint length 7, {133, 171} a1
FET Size 256 512
Number of data sub-carriers (Np) 216 432
Sub-carrier spacing (A4, 16 kHz 8 kHz

EX1003, pp.1-2. An LTE standards submission from Lucent similarly proposed the

following parameters for a baseline OFDM system for consideration by 3GPP:

System Parameters Configuration 1 Configuration 2 Configuration 3
Suitable deployment environment Indoor, Pedestrian A | Vehicular A Pedestrian B
Symbol per 0.67 msec time slot 12 6 3
Number of FFT points 256 512 1024
Number of sub-carriers 256 512 1024
OFDM Symbol period (usec) 55.6 111 222
Sub-carrier spacing (kHz) 19.2 9.6 48
Guard band on each side of the SMHz

42 A7 A7/
band (kIz) 424 424 424
Sampling period (usec) 0.20345025 0.20345025 0.20345025
Guard time Tg=Tprefix* Tposti 17/3.46 34/6.92 68/13.8
(samples/usec)
Cyeclic prefix length (samples/usec) 5/1.017252604 16/3.255204 50/10.17252604
Power amplifier ramp-up and ramp- 6 samples each 9 samples each 9 samples each

down period (samples)

Table 4. Parameters for baseline OFDM systems
EX1006, p.5. Thus, tailoring the number of subcarriers and their spacing to suit

different environments and traffic loads was known to a POSITA. EX1002, 9948-
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58.

III. THE 792 PATENT
A.  Overview of the Patent and Challenged Claims

The *792 Patent states that it describes “[a] flexible channel bandwidth for
mobile radio communications” that is provided “by provisioning a set of Orthogonal
Frequency Division Multiplexing (OFDM) subcarriers for mobile radio
communications.” EX1001, Abstract.

Cooperative network coding can use “various types of linear network codes,
including polyphase codes derived from a discrete Fourier transform....” EX1001,
7:53-59. In the uplink, UEs can “produce a transmission signal with low dynamic
range (i.e., peak to average power). Thus, the UEs can employ CI coding on OFDM
subcarriers to produce CI-OFDM (also known as single-carrier OFDM) signals.” Id.,
40:22-28. Symbol values may be “impressed onto the subcarriers” using an IFFT.

ld., 40:29-31, 40:37-39.
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According to certain examples, “transceiver operating characteristics can be

adaptable,” as reflected in Figure 16 (below). EX1001, 42:40-42.
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Figure 16
Id., FIG. 16.

Here, control circuitry 1601 receives “one or more system requirements 1611
and then can “adapt one or more signal parameters 1602 employed by a radio
transceiver 1603, such as radio transceivers employed by UEs, etc.” Id., 42:45-48.
For example, “the control circuitry 1601 may scale a transmitted bit rate by scaling
the symbol duration, the number of subcarriers, the subcarrier spacing, and/or the

number of bits per symbol per subcarrier.” Id., 42:51-54; EX1002, 9944-47.
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B.  Prosecution History

Steve Shattil is both the sole inventor and the only patent agent of record in
most of the dozens of applications in Patent Owner’s portfolio, which Mr. Shattil
prosecuted for over 20 years. EX1095, p.1. This section traces the prosecution
history leading to the *792 Patent through the applications included in the claim for
domestic benefit back to the filing of U.S. Patent Application No. 11/621,014 filed
on January 8, 2007. In discussing the prosecution history of the 984 Application,
reference is made to the discussion in the preceding section regarding the flawed
domestic benefit claim. Infra §IV.

1. Application No. 17/183,114 (Challenged Patent)
The application for the *792 Patent was filed on February 23, 2021. EX1090,

pp.49, 53-55. The specification included the following description of related
applications:

This application is a Continuation of U.S. Pat. Appl. No.
16/575,713, filed on September 19, 2019, now U.S. Pat.
No. 10,931,338, which is a Continuation of U.S. Pat. Appl.
No. 14/733,013, filed June 8, 2015, now U.S. Pat. No.
10,425,135, which 1s a Continuation-in-Part of U.S. Pat.
Appl. No. 13/116,984, filed May 26, 2011, now U.S. Pat.
No. 10,014,882, which is a Continuation-in-Part of U.S.
Pat. Appl. No. 12/328,917, filed December 5, 2008, now
U.S. Pat. No. 7,965,761, which i1s a Divisional of U.S.
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patent application Ser. No. 11/6212,014 filed January 8,
2007, now U.S. Pat. No. 7,593,449, all of which are

expressly incorporated by reference in their entireties.

EX1090, p.97. Insofar as this incorporation by reference is needed to support any
claimed subject matter, it bears noting that it was not present in the 984 Application,
see infra §IV, nor was it present in applications that the *984 Application was altered
to refer to, infra §1V. Thus, any material that relies on the incorporation by reference
in the *792 Patent is new matter added to the chain of applications on or after June
8,2015.

The first Office Action indicates that the application was “examined under the
pre-AlA first to invent provisions.” EX1090, p.32. This was a mistake because of
the break in the priority chain discussed below. Infra §IV. The Examiner also
rejected the claims of the 114 Application on the grounds of obviousness-type
double patenting over U.S. Patent No. 11,223,508. EX1090, pp.33-40. A terminal
disclaimer was filed. Id., pp.23-24. “No amendment was made” to the claims, id.,
p.22, and they were allowed, id., pp.11-14.

None of the references raised in this Petition were applied in any rejection by
the Office when it decided to issue the *792 Patent.

2. Application No. 12/328,917

The ’917 Application was filed on December 5, 2008 and included a
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preliminary amendment that changed the first paragraph of the specification to read
as follows:

This application is a divisional application of U.S. Patent
Application No. 11/621,014, filed January 8, 2007, which
is a divisional application of U.S. Patent Application No.
10/131,163, filed April 24, 2002, which is a continuation-
in-part application of U.S. Patent Application No.
09/022,950, filed February 12, 1998, now U.S. Patent No.
5,955,992.

EX1091, pp.148-155. This priority claim does not incorporate by reference any
earlier-filed applications.

In the Notice of Allowance the Examiner entered an Examiner’s Amendment,
changing the priority claim and omitting the specific reference to U.S. Patent
Application No. 11/621,014.! Id., p.77. The 917 Application issued as U.S. Patent
No. 7,965,761 and included the amended domestic benefit claim that the Applicant’s
representative had approved. Because of this intentional and applicant-approved
amendment, the 917 Application lost copendency with its alleged immediate parent

(the 163 Application) because the *163 Application issued in September 2008, and

I At all relevant times during the prosecution of the 917 Application the 917

Application was not owned or controlled by the current Patent Owner or Mr. Shattil.

10
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the *917 Application was filed months later in December 2008.

More than a half-decade after the issuance of the 917 Application as the *761
Patent, Mr. Shattil submitted a statement under 37 C.F.R. § 3.73(c) giving himself
power of attorney on behalf of putative Patent Owner GenghisComm Holdings,
LLC. EX1091, pp.59-60. Mr. Shattil sought a Certificate of Correction on March 20,
2018 and attributed the lack of copendency to a mistake by the Office (rather than a
mistake by Applicant’s representative who approved the amendment and failed to
make any further amendment or object to the Examiner’s Amendment before paying
the issue fee). Id., pp.49-50 (“[T]he Preliminary Amendment was evidently
overlooked by the Patent Owner.... Thus, the incorrect priority information was the
fault of the Patent Office.”). The Certificate of Correction was approved and issued
on July 24, 2018, id., pp.35, 37.

Nearly two more years passed before Mr. Shattil submitted a Petition for an
Unintentionally Delayed Priority Claim. See EX1091, pp.28-29. Mr. Shattil claimed
that despite knowing of the issues with the priority claim since 2018 when he filed
for the Certificate of Correction, that “the entire delay between the date the benefit
claim was due and the date the benefit claim was filed was unintentional.” /d. It is
not clear to Petitioner how Mr. Shattil could have made this representation because

e he was not the assignee or its representative when the Examiner’s

Amendment was approved,

11
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e he was not the assignee or its representative when the 917 Application
issued, and

e almost nine years passed between the issuance of the *917 Application
as the 761 Patent and the time Mr. Shattil filed the Petition for an
Unintentionally Delayed Priority Claim; during this time Mr. Shattil
has admitted (in a different patent application) that the owner of the
’917 Application “was unresponsive to [Mr. Shattil],” that Mr. Shattil
had to pursue “numerous schemes to discover the identity and contact
the owner, including ... probing for information from previous

assignees ... employing proxies to attempt to contact the owner, and so

2

on.

EX1092, p.32.

The first Petition for an Unintentionally Delayed Priority Claim was
dismissed because the Office concluded that the Petition (1) did not include the
reference required by 35 U.S.C. §120 and 37 C.F.R. §1.78(d)(2) and (2) did not have
a statement of unintentional delay. Id., pp.26-27. A request was filed for
reconsideration of the Petition, id., pp.21-22, and this time the Petition was granted,

id., pp.6-7.

IV. EFFECTIVE FILING DATE; POST-AIA

While the *792 Patent claims the benefit of the filing date of U.S. Patent
Application No. 11/621,014, filed on January 8, 2007, it is not entitled to the benefit

of that filing date. This is because there is not continuity of disclosure of the claimed

12
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subject matter going back to that application. The following diagram illustrates the

priority claim of the 792 Patent.

U.S. Pat. 11,424,792
App. No. 17/183,114
Filed: Feb. 23, 2021

CON

k4

U.S. Pat. 10,931,338
App. No. 16/575,713
Filed: Sept. 19, 2019

CON

U.S. Pat. 10,425,135
App. No. 14/733,013
Filed: Jun. 8, 2015

U.S. Pat. 10,014,882
App. No. 13/116,984
Filed: May 26, 2011

U.S. Pat. 7,965,761
App. No. 12/328,917
Filed: Dec. 5, 2008

DIV

U.S. Pat. 7,593,449
App. No. 11/621,014
Filed: Jan. 8, 2007

: No continuity of disclosure; different
r— invention than earlier and later
applications

U.S. Patent Application No. 13/116,984 names three people as inventors:

Robi Sen, Steve Shattil,? and Ian Starnes. EX1092, p.465. Neither Messrs. Sen nor

Starnes are identified as inventors on any of the other patents or applications in the

>792 Patent’s priority claim. The 984 Application is unlike any of the specifications

2 Mr. Shattil is both a named inventor and a patent agent registered to practice

before the Office.

13
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of the other patents in the priority claim. The 984 Application is titled “Method and
Apparatus for Fast Prototyping of Wireless Transceivers” and fails to provide any
disclosure relevant to the provisioning a set of Orthogonal Frequency Division
Multiplexing (OFDM) subcarriers for mobile radio communications as claimed in
the 792 Patent. Id. Furthermore, as originally filed, the first paragraph of the
specification references (but does not incorporate by reference) U.S. Provisional
Application No. 61/349,097, tiled May 27, 2010. Id. No other applications, patents,
or patent publications are referred to in the originally filed specification of the 984
Application.?

Unlike the 792 Patent, the 984 Application “relates to rapid prototyping of

electronic systems, and in particular, to systems and methods for assembling and

3 A certificate of correction issued on July 14, 2020 in U.S. Patent No. 10,014,882
(the patent that issued from the *984 Application). That certificate changed the first
paragraph of the specification to include a priority claim though various applications
back to U.S. Patent Application No. 10/131,163 (issued as U.S. Patent No.
7,430,257). See EX1092, p.46. None of the referenced applications were
incorporated by reference. Nor could they have been without improperly introducing
new matter. See 35 U.S.C. §132(a) (“No amendments shall introduce new matter

into the disclosure of the invention.”).

14
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configuring wireless transceiver components.” EX1092, p.466. After describing
perceived problems with the prior art, the *984 Application explains that “the present
invention can solve” those problems “by providing an integrated hardware and
software component architecture based on principles of Object Oriented
Programming to allow system developers and end users to rapidly design, build, and
test hardware in an iterative fashion, allowing for faster product life-cycles, greater
innovation, and facilitating end-user and third-party development.” EX1092, p.467.
The 984 Application includes no discussion of subcarrier spacings, provisioning
subcarriers, or polyphase codes used to encode data symbols.

While irrelevant to the question of whether the disclosure of the 984
Application includes a disclosure of the subject matter now claimed in the 792
Patent claims, for the sake of completeness, Petitioner notes that during prosecution
of the 984 Application, Mr. Shattil repeatedly attempted to amend the priority claim
and was eventually successful. EX1092, pp.296-316. Starting with a filing titled
“Amendment And Petition for Unintentionally Delayed Priority Claim And Request
for Corrected Filing Receipt,” Mr. Shattil sought a major change to the priority claim
and represented that the delay “between the date the benefit claim was due [in 2011]
and the date the benefit claim was filed [on February 13, 2015] was unintentional.”
1d., p.297; see also id., p.304. The Application Data Sheet filed with the request to

recognize a delayed priority claim indicated that the benefit claim reached back to

15
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U.S. Provisional Application No. 60/286,850 filed on April 26, 2001. /d., p.314.
That petition was ultimately dismissed because “application No. 12/328,917 is not a
divisional of application No. 11/621,014, as specified in the ADS.” Id., p.102.

On April 7, 2017, Mr. Shattil renewed the petition to correct the domestic
benefit claim. This time instead of claiming that the 917 Application was a
divisional of the ’014 Application, the revised ADS indicated that the *917
Application was a divisional of U.S. Patent Application No. 10/131,163. EX1092,
p.91. The Office dismissed the Petition again. This time it was dismissed because
while Applicant sought to claim the benefit U.S. Provisional Application 60/286,850
the intervening 917 Application did not claim the benefit of the 850 Provisional
Application. /d., pp.84-85.

The ’984 Application issued as U.S. Patent No. 10,014,882 without a
corrected domestic benefit claim. EX1093, cover. About two years later, Mr. Shattil
again tried to correct the benefit claim. After multiple petitions, declarations, and
other submissions, the Office corrected the domestic benefit claim. EX1092, pp.2-
55; see supra fn. 3. None of these changes to the domestic benefit claim can cure a
dispositive problem with the domestic benefit claim: the originally filed
specification of the 984 Application fails to describe the subject matter of the claims
of the *792 Patent.

Even with the amended priority claim, a priority claim standing alone is not

16



IPR2025-00793 Petition Requesting Inter Partes Review
Patent No. 11,424,792

an incorporation by reference. See In re de Seversky, 474 F.2d 671, 674 (C.C.P.A.
1973) (“[T]he statement that an application is a continuation-in-part, or a
continuation, or a division, or in part a continuation of another application is in a
broad sense a ‘reference’ to the earlier application, but a mere reference to another
application, or patent, or publication is not an incorporation of anything therein into
the application containing such reference for the purposes of the disclosure required
by 35 U.S.C. § 112.”); MPEP § 608.01(p) (“Mere reference to another application,
patent, or publication is not an incorporation of anything therein into the application
containing such reference for the purpose of the disclosure required by 35 U.S.C.
112.”). The originally filed 984 Application shows that there is no disclosure
whatsoever of the OFDM systems, methods, and computer readable media claimed
in the 792 Patent. Patent Owner cannot point to anything incorporated by reference
into the specification of the *984 Application to provide written description for the
’792 Patent claims either.

Because the *984 Application does not describe the subject matter recited in
the *792 Patent claims, there is a break in continuity of disclosure that renders the
priority claim improper. In other words, because the 984 Application does not
support the claimed subject matter under 35 U.S.C. § 112(a), there is a break in the
chain of earlier-filed applications. Because “continuity of disclosure must have been

maintained through a chain of patents from the [earlier] patent leading up to the

17
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[later] patent” and the 984 Application fails to describe the subject matter of the

’792 Patent claims, the *792 Patent claims are, at best, entitled to the filing date of

U.S. Patent Application No. 14/733,013 on June 8, 2015. Zenon Envt’l, Inc. v.

United States Filter Corp., 506 F.3d 1370, 1378 (Fed. Cir. 2007). Not only does this

open up prior art to the *792 Patent, it requires the *792 Patent to be evaluated under

post-AlA law.

V. IDENTIFICATION OF THE CHALLENGE

Petitioner challenges the following claims on the following grounds:

Ground | Claims Challenge Statute
1 1,3,5,8,10, | Anticipation by Shattil-257 Post-AIA
12, 15,17, 19 §102(a)(1)
2 1,3,5,8,10, | Obviousness over Shattil-257 Post-AIA §103
12,15, 17,19
3 2,9, 16 Obviousness over Shattil-257 in | Post-AIA §103
view of Lucent
4 1-3 Obviousness over Galda in view | Post- or Pre-AIA
of Lucent §103
5 1-3 Obviousness over Galda in view | Post- or Pre-AIA

of Doufexi

§103

6 8-10, 15-17

Obviousness over Galda in view
of Lucent and Dowling

Post- or Pre-AIA
§103

7 8-10, 15-17

Obviousness over Galda in view
of Doufexi and Dowling

Post- or Pre-AIA
§103

18
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VI. THE PERSON OF ORDINARY SKILL IN THE ART (“POSITA”)

Based on the 792 Patent, the prior art and other documentation cited herein,
and on Dr. Bims’s testimony a POSITA as of the earliest claimed effective filing
date of January 8, 2007 would have had “either a Master’s degree in electrical
engineering or a related field, or a Bachelor’s degree in electrical engineering or a
related field with three years of experience in wireless communication systems,
signal processing, and related technologies.” EX1002, 4461-65. A POSITA would
have known that DFT spreading would reduce PAPR in OFDM systems and would
have been familiar with hardware and software implementations of mobile device
transmitters. /d. The level of skill possessed by a POSITA as of June 8, 2015 would

not have been materially different. EX1002, §66.

VII. CLAIM CONSTRUCTION

Petitioner submits that no formal claim constructions are necessary because
“claim terms need only be construed to the extent necessary to resolve the
controversy.” Wellman, Inc. v. Eastman Chem. Co., 642 F.3d 1355, 1361 (Fed. Cir.
2011). Petitioner reserves the right to respond to any constructions offered by Patent

Owner or adopted by the Board.

VIII. PRIOR ART STATUS OF THE REFERENCES; ANALOGOUS ART

Each reference relied upon in the challenges is analogous prior art. EX1002,
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969-93.

A.  Shattil-257
Shattil-257 is U.S. Patent 7,430,257 issued on September 30, 2008—more

than one year before the June 8, 2015 effective filing date of the ’792 Patent.
EX1094, cover; supra §1V (demonstrating effective filing date is, at best, June 8,
2015). Shattil-257 is prior art under post-AIA §102(a)(1).

Shattil-257 discloses “the application of a redundantly modulated multicarrier
architecture to conventional transmission protocols, such as . . . OFDM” where “CI
carrier signals combine to generate a superposition signal having time-domain
characteristics that can be controlled via selection of the CI carrier characteristics.”
EX1094, 5:55-60.

Shattil-257 is analogous art to the *792 Patent because both relate to wireless
communications networks including OFDM wireless communications networks and
techniques. EX1001, Abstract, 1:22-23, 18:61-62; EX1094, 5:55-58; EX1002, 969-

72. Indeed, Shattil-257 and the *792 Patent share common figures:
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Figure 16

EX1094, FIG. 99; EX1001, FIG. 16.

Furthermore, both the 792 Patent and Shattil-257 are directed to a common
problem of obtaining bandwidth efficiency including the use of CI-based protocols.
EX1094, 104:30-35; EX1001, 33:35-39.

B. Galda

Galda is a prior art printed publication because it was distributed and thus
accessible to those skilled in the art between May 6" to 9™ on CD to as many as 400
attendees at IEEE’s 55" Vehicular Technology Conference in Birmingham,
Alabama. EX1059, 994-10. The “main focus” of the conference was “voice and data
wireless mobile communications,” /d., 6, and there were more than 100 presenters

skilled in the field at the conference. Id. CDs were given to attendees when they
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checked in for the conference and included as part of the conference registration fee.
1d., 997-10, 11 (Exhibit D). The conference was open to the public and there were
no confidentiality restrictions imposed on the conference proceedings, EX1059,
I911-12, and it was expected that the proceedings would be shared widely as
confirmed by the fact that the conference proceedings were cataloged into the Linda-
Hall Library of Science, Engineering, and Technology less than two months later,
then made available on the IEEE website by August 7, 2002. EX1012, 452; EX1002,
q73. Galda is thus a prior art printed publication by at least May 6, 2002 and is prior
art under pre-AlIA §102(b) or post-AlIA §102(a)(1). E.g., GoPro, Inc. v. Contour
Holding LLC, 908 F.3d 690, 694-95 (Fed. Cir. 2018).

Galda teaches using “OFDM-FDMA multiple access ... combined with a data

spreading technique based on a Discrete Fourier Transform.” EX1004, p.1737.
Galda’s transmitter is illustrated below and encodes data symbols “Dl(m)” (of which
there are L symbols) using DFT spreading block and then modulates the spread

(of which there are also L symbols).

[13 ( )93
(encoded) data symbols “S lm
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Id., p.1740 (annotated).*

Galda is analogous art to the 792 Patent because it relates to “flexible channel
bandwidth for mobile radio communications ... by provisioning a set of Orthogonal
Frequency Division Multiplexing (OFDM) subcarriers,” EX1001, Abstract,
including “modulating the encoded data symbols onto the OFDM subcarriers.” Id.;
EX1004, pp.1737, 1740 (Fig. 6(a)); EX1002, 9474-75. Galda is also analogous art
because two of the problems facing the inventor were bandwidth limitations and
interference, EX1001, 2:45-46, and Galda seeks to solve these problems, EX1004,
p.1737; EX1002, q76.

C. Doufexi

Doufexi is a paper from The 13™ IEEE International Symposium on Personal,
Indoor and Mobile Radio Communications. EX1003. Exhibit 1003 was obtained

from the Linda Hall Library by Dr. Hall-Ellis. EX1012, 465. Doufexi was cataloged

4 Coloring and/or colored text has been added to figures unless otherwise noted.
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into that library on December 30, 2002. EX1012, 4968-69. Additionally, Doufexi
was added to the IEEE online database by December 10, 2002. Id., 966. Doufexi
would have been reasonably accessible to a POSITA because it was cataloged by
subject matter including “Wireless communication systems; Mobile
Communications systems” as reflected by the Library of Congress classification
system, among other indices. /d., §70; EX1002, 9977-78. Doufexi is thus a prior art
printed publication under pre-AIA §102(b) or post-AIA §102(a)(1).

Doufexi explains that “OFDM is proposed as a leading candidate for a 4G
cellular communications standard.” EX1003, p.192. Doufexi “identifies and
describes the key link parameters of OFDM for a potential 4G cellular standard”
including “subchannel spacing.” Id. Doufexi explains that “a fixed set of
parameters” would not “achieve high performance in all cases,” and proposes
different parameters for different scenarios. /d., pp.192-93.

Doufexi is analogous to the ’792 Patent because it relates to wireless
communications networks, and especially OFDM wireless communications
networks and techniques. EX1001, Abstract; EX1006, p.192 (describing OFDM for
4G networks); EX1002, 9479-80. Doufexi is also reasonably pertinent to a problem
faced by the inventor of the ’792 Patent, including improvement of OFDM
system/spectral efficiency. EX1001, 2:13-15; EX1003, pp.192 (variable guard time

can improve efficiency), 193 (“[c]hannel coding also affects bandwidth efficiency”);
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EX1002, 981.

D. Lucent

Lucent is a technical contribution submitted to the 3GPP TSG RAN Working
Group 1 (WG1) meeting TSGR1 #28bis, which was held on October 8" and 9%,
2002. EX1034, 953; EX1006, p.1. Lucent was publicly available on the 3GPP
“public file server from where an interested member of the public exercising
reasonable diligence could freely access them.” EX1034, 4941, 54. Lucent was
uploaded to the 3GPP public file server on October 8, 2002, id., 456, and it was
distributed to the members of the RAN WGI1 email list on October 8, 2002. Id.,
p.223. A POSITA would have been able to locate Lucent with a reasonably diligent
search based on its categorization on the 3GPP website—run by a prominent
organization in the wireless communications industry, id., §23—by working group
and meeting. EX1034, 442; EX1002, 9982-84. Lucent is therefore a prior art printed
publication under pre-AIA §102(b) or post-AIA §102(a)(1).

Lucent describes different configurations for a proposed OFDM baseline
system in which the different configurations are associated with different “suitable
deployment environment[s].” Id.; see also id., p.7 (“We have suggested an OFDM
system with multiple configurations that can be deployed in different
environments.”). One difference between the three configurations proposed by

Lucent is the subcarrier spacing. EX1002, 485-87. There are three options: 19.2 kHz,
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9.6 kHz, and 4.8 kHz as shown in the table below.

System Parameters

Configuration 1

Configuration 2

Configuration 3

Suitable deployment environment Indoor, Pedestrian A | Vehicular A Pedestrian B
Symbol per 0.67 msec time slot 12 6 3

Number of FFT points 256 512 1024
Number of sub-carriers 256 512 1024
OFDM Symbol period (usec) 55.6 111 222
Sub-carrier spacing (kHz) 19.2 9.6 4.8

Guard band on each side of the SMHz | 17 . 1A

band (kH2) 424 424 424
Sampling period (usec) 0.20345025 0.20345025 0.20345025
Guard time Tg=Tprefix* Tpostfix 17/3.46 34/6.92 68/13.8

(samples/usec)

Cyclic prefix length (samples/usec)

5/1.017252604

16/3.255204

50/10.17252604

Power amplifier ramp-up and ramp-

6 samples each

9 samples each

9 samples each

down period (samples)

1d.

Lucent is analogous to the 792 Patent because it is in field of wireless
communications networks, and especially OFDM wireless communications
networks and techniques. EX1001, Abstract, 1:22-23; EX1006, p.1 (“Proposed
Baseline OFDM Systems for Study”); EX1002, 9986-88. And Lucent is reasonably
pertinent to a problem to be solved by the *792 Patent inventor, namely efficient use
of existing bandwidth. EX1001, 2:10-14 (“using more spectrum” does not
“adequately address inter-cell interference); EX1006, p.1 (“most companies are

interested in using the current IMT2000 band instead of some future spectrum or
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extra bandwidth”); EX1002, q89.

E. Dowling
Dowling was filed on April 6, 1999 and issued July 22, 2003. EX1042, cover.

Dowling is prior art under post-AIA §102(a)(1) or pre-AIA §102(e).

Dowling discloses multicarrier modulation and OFDM systems that may be
implemented as software modules executing on programmable processors.
Dowling’s transmitters, receivers, and precoders may be implemented in either
hardware or software. EX1042, 3:46-50, 5:66-6:1; EX1002, 9990-91.

Dowling is analogous to the *792 Patent at least because it relates to wireless
communications including OFDM communications. EX1001, Abstract, 18:61-62;
EX1042, 1:6-12 (“field” relates to “data transmission,” more specifically to a
“precoder” for multicarrier (e.g., OFDM) systems), 21:62-64 (invention “applied to
other FFT based multicarrier modulation and OFDM systems.”); EX1002, 9992-93.
Both the *792 Patent and Dowling are also applicable to multicarrier transmitter and
receiver structures and methods which reduce computation, increase transmission
bandwidth and reduce transmission power. EX1001, 18:12-16, 35:6-15; EX1042,

Abstract.
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IX. DETAILED DISCUSSION

A. Grounds 1 and 2: Claims 1, 3, 5,8, 10,12, 15,17, and 19 are
(Ground 1) anticipated by or (Ground 2) obvious over Shattil-257

1. Claim 1

a. [1Pre]: Method of enabling flexible channel bandwidth

Assuming the preamble is limiting, Shattil-257 discloses and renders obvious
a method of enabling flexible channel bandwidth for mobile radio communications.

EX1002, 9994-96. Shattil-257 describes mobile radio communications: “[a] base

station in a mobile wireless network [that] can dynamically create channels

depending on the number of mobile units in its coverage area and their service
requirements.” EX1094, 101:57-6. Shattil-257 then explains that a method of
enabling flexible channel bandwidth can be implemented “[w]hen additional units

enter the area” because “[b]Jandwidth can be dynamically allocated to up-stream and

down-stream channels depending on network traffic characteristics.” EX1094,
102:8-11; EX1002, 995.
Thus, Shattil-257 discloses and renders obvious [1Pre].

b. [1A]: provisioning OFDM subcarriers

Shattil-257 discloses and renders obvious provisioning a set of Orthogonal
Frequency Division Multiplexing (OFDM) subcarriers for mobile radio

communications. EX1002, 997-102.

In Shattil-257 a process for provisioning a set of OF DM subcarriers includes
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“enabl[ing] the application of a redundantly modulated multicarrier architecture to
conventional transmission protocols, such as ... OFDM.” EX1094, 5:55-56. Shattil-
257 explains that in this extension of OFDM, “[f]requency-domain selectivity

enables independent provisioning of CI sub-carrier channels to users who may only

need a fraction of the bandwidth of a communication channel.” EX1094, 6:8-11;
EX1002, 9998-99. Thus, Shattil-257 allocates some “fraction of the bandwidth” to
users in at least certain circumstances.

Shattil-257 further describes provisioning OFDM subcarriers for mobile
communications because it describes a “scaleable [sic] CI modulation system” that
has an “upper limit on the number of carriers” and which can “scale the number of
carriers below the upper limit to decrease signal bandwidth.” EX1094, 136:24-30;
see also id., 96:38-41 (“A transmission method of the invention provides a

transmitter with a multicarrier signal having selected frequency components ....”),

97:18-20, 102:15-38 (CI network enables “[f]lrequency agility” including “variable

aggregate bandwidth” and “frequency scalability”), 102:47-56; 132:59-133:5

(describing optimizing “CI carrier” “bandwidth(s) and spacing” and “minimize[ing]
the number of subbands” and selecting subbands “with respect to channel
estimation”), 136:5-23 (describing “control circuitry 9901 that can scale “the
number of carriers” and the “carrier spacing”), 140:46-56 (describing adaptation of

“[sJub-carrier bandwidths™); EX1002, 4100. The various CI protocols can be used
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to produce “CI-OFDM,” which includes OFDM subcarriers. EX1094, 36:47-37:5
(describing application of CI to OFDM to produce “CI-OFDM”).

Shattil-257 describes a “scaleable [sic] CI modulation system” that has an
“upper limit on the number of carriers” and which can “scale the number of carriers
below the upper limit to decrease signal bandwidth.” EX1094, 136:24-30; see also
id., 96:38-41 (“A transmission method of the invention provides a transmitter with
a multicarrier signal having selected frequency components ....”), 97:18-20, 102:15-
38 (CI network enables “[f]requency agility” including “variable aggregate
bandwidth” and “frequency scalability”), 102:47-56. Shattil-257’s Figure 99 shows
how control circuitry (9901) performs a function of provisioning various “CI

Parameters” including “Carrier Selection” to CI Transceiver 9903:
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1 |
9921 _ 61 Transceiver Operation

1
| Frequency Agilty !
_________ Mod/Demod

r ) 1 1
: System 5 9911 i Symbol Rate 1
. l . ]
Requirements : . Codmg. o
I QoS | m===———=- i Interference Mitigation
1 PAPR 1 Channel 1 1 Multiple Access |

AL i 9912 .
: Priority : ! Characteristics :—5_ : Multiplexing :
! Security Ly P(E) ' 1 Load Balancing i
: Tx Power o BER : I Channel Selection :
i Spectrum Mgmt. : I SNR " : Channel Compensation ,
I Channel Select : SNIR I I Power Control I
: Data Type : 1 Delay Spread : : Spectrum Mgmt. :
i i

o I It et

9901 —S | Control : C%f%“%gg ! CI
Circuitry |71 r Se OCtion e Transceiver
1 Carrier Spacing |
i Carrier Weighting
9902 —5 | No. of Carriers ! 9903 S
ControlLoopp = —==—===—=—=---= '
(Optional)

EX1094, FIG. 99; EX1002, q101.
Thus, Shattil-257 discloses and renders obvious Limitation [1A].

C. [1B]: encoding data symbols with polyphase codes from
a DFT

Shattil-257 discloses and renders obvious encoding data symbols (data
symbols s, (?)) with polyphase codes derived from a discrete Fourier transform to
produce encoded data symbols. EX1002, 9103-09.

Shattil-257 explains that “CI symbols may be values derived from at least one
invertible transform function, such as a Fourier transform” and that “CI symbols

may include at least one set of polyphase codes.” EX1094, 79:36-40; EX1002,
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94104-05. According to Shattil-257, “polyphase channel coding [] may be provided
by a CI channel coder” where “one or more data symbols s, (?) are mapped into a
plurality of CI symbols represented by CI carrier weights w,,(7).” EX1094, 68:42-
44; see also id., 86:65-87:17. As can be seen from the illustration below, Shattil-
257’s polyphase codes are derived from a discrete Fourier transform because they

i2mmn/N

take the form e (here m and n range from 0 to N-1):°

4901

s () 50 /70 20 w1 ()
— . 22 (OYO(N-1) | 2a{1 o)1) : 2a{2fo{w-1) i2z(N-1)}0 )N -1)
wi=Z0): | T O S AU
. ] i .
w2 = 2(): E £ 2 OXDAN-1) _E £ 2 NYN-1) ! g 2FRNIV-1) £ 2#N-U-1) E
-------------------- o ———— - -
W3 = E( ): e:z::i(l}(l);‘{h'-l) } ein.(l}(?.}i(N—l} : e:zn(z)(z)f(a.'-l) C eer(N—i X2)(n-1)
; :
: ! 4903
) T
I 1]
i )
Wi = E( ): e.zx(n WN=1)(N-1) : efzxu)(N-l),f(R-l) : e:l‘s(Z)(N—l)_f(N—l) erza'(N-lIN-I]f(N-I)
[ 1

> This figure has been corrected in numerous patents by Patent Owner because,
according to Patent Owner, it includes a typographical error in the denominator of
the exponential term. According to Patent Owner “N-1" should be “N” to properly
represent DFT coefficients. See EX1100, p.7; EX1101, p.12; EX 1102, p.14;
EX1103, p.3. Given Patent Owner’s representation that the modification of this
Figure does not require further examination or add new matter, the figure should be
understood in light of the changes Patent Owner has made via Certificate of

Correction in other patents.
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EX1094, FIG. 49; EX1049, p.2 (using CRC Mathematical Tables and Formulae 30™
Ed. (1996) to explain that the “discrete Fourier transform” is defined with a term

(Wy)™ where Wy is expressed as e?™N; this can be rewritten as e

i2rmn/N.
EX1002, 9106. As can be seen from the illustration above, each data symbol (e.g.,
symbol s;()) has a polyphase code (e.g., column vector 4901) applied to it. EX1094,
FIG. 49, 26:11-19, 86:65-87:3; EX1002, 49106-08. The result of applying Shattil-
257’s polyphase codes is the production of encoded data symbols also referred to as
“CI symbol values w,.” EX1094, 86:65-66.

Thus, Shattil-257 discloses and renders obvious Limitation [1B].

d. [1C]: modulating encoded symbols onto OFDM
subcarriers

Shattil-257 discloses and renders obvious modulating the encoded data
symbols onto the OFDM subcarriers to produce a superposition signal that
resembles a single-carrier signal and has one of a plurality of different symbol
durations. EX1002, 99110-18.

Shattil-257’s FIG. 41A “illustrates general steps of a transmitting method of

the present invention.” EX1094, 79:55-56.
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[4101 [4102 [4103 (,4104
Coding/ Training IFFT & FIR

) =1 Interleaving [ | Symbol [*] Cyclic [>| Filtering& [
(optional) Injection Prefix Interpolation

Fia. 41A

EX1094, FIG. 41A. Coding block preferably includes CI coding. Id., 79:58-59. The
CI coded data symbols are encoded data symbols. EX1002, 111-12; supra
§IX.A.1.d. These encoded data symbols are modulated onto the OF DM subcarriers

because Shattil-257 says “[a]n [FFT 4103 ... impresses the coded data symbols onto

a plurality of carriers.” EX1094, 79:65-66; see also id., 80:48-53 (describing “CI

transceiver” with “modulator 4221”). This is consistent with the operation of what
Shatti-257 describes as “conventional” and “exemplary” “OFDM transceivers.” Id.,
3:30-41. Thus, Shattil’s IFFT 4103 performs the step of modulating the encoded
data symbols onto the OFDM subcarriers. EX1002, q112.

Shattil-257’s modulating produces a superposition signal that resembles a
single-carrier signal because Shattil-257’s IFFT operation creates a superposition
time signal. EX1002, q113. Patent Owner has admitted as much. EX1039, p.10 (A
POSITA “would understand that an OFDM signal is a superposition of
subcarriers.”); EX1097, p.8 (‘A person of ordinary skill in the art at the time of the

invention would understand that an OFDM signal is a superposition of
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subcarriers.”). At the very least, based on Patent Owner’s admissions, a POSITA
would have found it obvious that Shattil-257’s IFFT produces a superposition signal
that is OFDM modulated.

A POSITA would have recognized from Shattil-257 that the resulting time-
domain signal resembles a single-carrier signal as shown below, where
superposition signal 110D resembles a single carrier signal that is the superposition

of each pulse 105A, 105B, and 105C.

SR l-llMLLMiJJJJJJJLihLl#li ATATATATATATATATATATY
A Sbgtuuing Wi S-S 105D

HHtH‘r‘r‘r’Y‘ffﬂfH’FHHHMH OOV ARAR—

” ” fL 110D

e

8] 12 3

FiG. 1B

_—'-

-

EX1094, FIG. 1B; EX1002, q114.

At the very least modulating the encoded data symbols onto the OFDM
subcarriers to produce a superposition signal that resembles a single-carrier signal
would have been obvious because a POSITA knew that DFT spreading data symbols
before modulating them onto OFDM subcarriers (as described in Shattil-257)
resulted in a signal that resembles a single-carrier signal. EX1002, 4115; EX1004,
p.1740 (“[T]he time signal of the OFDM-FDMA uplink with DFT spreading is

identical to a single carrier transmission....””); EX1016, p.2329 (OFDM system using
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99 ¢6y

spreading with “Fourier matrix” “is technically equivalent to a single-carrier system
with guard interval™), id., 2330 (“‘Since the single-carrier system which results from
an OFDM-CDM system with Fourier spreading matrix is a special case of an
OFDM-CDM system, the same detection algorithms can be applied and the same
performance can be expected.”).

Finally, Shattil-257 also discloses and renders obvious that the superposition
signal has one of a plurality of different symbol durations. First, and as explained in
more detail below, Shattil-257 explains that the subcarrier spacings are selectable.
Infra §IX(A)(1)(e) (Limitation [1D]). And Shattil-257 teaches that “[c]arrier-
frequency spacing in each carrier set may be selected to reduce correlated fading
between adjacent carrier frequencies” and “[t]he symbol duration T is equal to the
inverse of the carrier-frequency spacing f;.” EX1094, 35:21-24; EX1002, q116.
Indeed, the relationship between subcarrier spacing any symbol duration was
maintained to preserve orthogonality. EX1015, p.22 (“[T]he carriers are linearly
independent (i.e., orthogonal) if the carrier spacing is a multiple of 1/T.”). Thus,
when a subcarrier spacing is selected, a symbol duration (75) is also chosen in an
OFDM system and at the very least the claimed selection of one of a plurality of
symbol durations would have been obvious. EX1002, 99117, 122.

Thus, Shattil-257 discloses and renders obvious Limitation [1C].
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e. [1D]: selecting one of multiple different subcarrier
spacings provides one of multiple symbol durations

Shattil-257 discloses and renders obvious wherein provisioning comprises
selecting one of a plurality of different selectable subcarrier spacings, to provide for
the one of the plurality of different symbol durations. EX1002, 9119-23.

Shattil-257 discloses control circuitry 9901 that provisions subcarriers by
“Carrier Selection.” EX1094, FIG. 99. This provisioning comprises selecting one of
a plurality of different selectable subcarrier spacings because “[t]he control circuit
9901 provides adjustment to one or more CI parameters 9902 such as “Carrier

Spacing”, as highlighted in FIG. 99:

T T s ]

9921 51 Transceiver Ope}'gtion 1

| Frequency Agility !

_________ Mod/Demod
r = i 1
o Sysem 1S 991 ! SymbolRate
. i .
Requirements : . Codmg_ o .
1 QoS | mmm—m————— y Interference Mitigation ,
I PAPR ry Channel 1 9912 i Multiple Access I
| Priority ! 1 Characteristics | ' Multiplexing |
1 Security 1 : P(E) 1 1 Load Balancing I
: Tx Power S BER : I Channel Selection :
1 Spectrum Mgmt. : 1 SNR ' : Channel Compensation
! Channel Select : SNIR I I Power Control 1
| DataType ! 1 Delay Spread ' | Spectrum Mgmt. |
e m——— MAC
I 1

-
1 CIParameters
9901 —5 |  Control : Carrier Selection L]

. _—
Circuitry Carrier Spacing :
k 1 Carrier Weighting

9902 —5 | No. of Carriers ! 9903 —
ControlLoopl @ ===========
(Optional)

CI
Transceiver

EX1094, 135:5-8, FIG. 99; EX1002, 94120-21. Shattil-257 explains that adjustment
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of the carrier spacing parameter can be made by selecting one of a plurality of
different selectable subcarrier spacings (i.e., “carrier-frequency spacing in each

carrier set may be selected to reduce correlated fading”) fo provide for the one of the

plurality of different symbol durations (i.e., “[t]he symbol duration T is equal to the
inverse of the carrier-frequency spacing f;.”). Id. 35:12-13, 35:22-25. EX1002,
122. At the very least, a POSITA would have found it obvious that when the
subcarrier spacing is selected, a symbol duration will also be selected to maintain
orthogonality of the carriers in OFDM. EX1002, 122 (citing EX1015, p.22).

Thus, Shattil-257 discloses and renders obvious Limitation [1D] and claim 1.

2. Claims 8 and 15

Claims 8 and 15 recite a system and a computer program product,
respectively, with identical provisioning ([8Ci], [15A]), encoding ([8Cii], [15B)),
modulating ([8Ciii], [15C]), and subcarrier spacing selection ([8Civ], [15D])
limitations as claim 1. EX1001, cls. 1, 8, 15; EX1002, q9/128-32. The discussion that
follows focuses only on the differences between claim 1 on the one hand and claims
8 and 15 on the other.

Shattil-257 discloses and renders obvious an apparatus for providing flexible
channel bandwidth in mobile radio communications, comprising [8Pre], at least one
processor |8A], and at least one non-transitory computer-readable memory in

electronic communication with the at least one processor, and instructions stored in
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the at least one memory, the instructions executable by the at least one processor
[8B] as recited in claim 8. Similarly, Shattil-257 discloses a computer program
product, comprising a non-transitory computer-readable memory having computer
readable program code stored therein, the program code containing instructions
executable by one or more processors of a computing system [15Pre] as recited in
claim 15. EX1002, q9124-27.

Shattil-257 discloses a software radio that includes processors, a storage
medium, and a computer program for performing subcarrier modulation. See

EX1094, 103:29-33 (“a software implementation of a Cl-based transceiver may

include ... one or more Cl-based signal processing software components 6601.1 to

6601.1.”), 103:44-46 (“[t]he software components 6601.1 to 6601.1 may include at

least one local and/or remote computer program adapted to process signals received

from the hardware components)”, 103:55-58 (“the hardware component(s) 6603.1
to 6603.) typically include a transmitter and/or receiver system, and a storage

medium ... for storing application programs)”, 103:60-64 (“[i]n some applications,

modulation and/or demodulation may be performed digitally with any combination
of software 6601.1 to 6601.i and hardware 6603.1 to 6603.j components.”). EX1002,
q125.

The “hardware components” in the “software-defined radio” include “storage

medium” (e.g., “flash memory”) which is “for storing application programs and
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data.” EX1094, 103:55-59. Thus, Shattil-257 describes the various functionality of
the “Cl-based transceiver” being implemented in software (computer readable
program code) stored in memory and executable by a processor, which a POSITA
would have understood to be part of the hardware on which computer code is
executed; at the very least processors were so ubiquitous that a POSITA would have
found it obvious to execute software using a processor to perform various tasks such
as those disclosed by Shattil-257 as of January 2007. EX1002, 4126; see also
EX1094, 102:65-66 (a benefit of implementing CI in “software-based processing”
included simplification of the “required microprocessor architecture™).

Thus, Shattil-257 discloses and renders obvious limitations [8Pre], [8A],
[8B], and [15B].

3. Claims 3, 10, and 17

Shattil-257 discloses and renders obvious wherein the superposition signal is
provided with a cyclic prefix as recited in each of claims 3, 10, and 17. EX1002,
133-36.

Shattil-257 discloses and renders obvious wherein the superposition signal is
provided with a cyclic prefix, as recited in claim 3 (“[m]odulated signals may include
guard bands, cyclic prefixes, codes, and the like, which are well-known in the art”).
EX1094, 18:45-47; EX1002, 9134-35. Shattil-257 also discloses and renders

obvious adding a cyclic prefix to the superposition signal, as recited in claims 10
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and 17 (“[a] cyclic prefix may be added to the coded data symbols™) EX1094, 79:66-
67; EX1002, q136.
Thus, Shattil-257 discloses and renders obvious claims 3, 10, and 17.

4. Claims 5, 12, and 19

Shattil-257 discloses and renders obvious wherein the provisioning is
performed in a user device or base station as recited in claims 5, 12, and 19. EX1002,
137-39.

Shattil-257 discloses and renders obvious wherein the provisioning is
performed by or in a base station in explaining that “a base station in a mobile
wireless network can dynamically create channels depending on the number of
mobile units in its coverage area and their service requirements” and mobile units
can serve as base stations. EX1094, 101:57-58, 149:15-17 (““The method described
in FIG. 108 A may be performed by a subscriber unit acting as a base station in a CI
network.”), 149:29-31; EX1002, 9138.

Thus, Shattil-257 discloses and renders obvious claims 5, 12, and 19.

B. Ground 3: Claims 2, 9, and 16 are rendered obvious by Shattil-
257 in view of Lucent

1. Overview of the Combination; motivation to combine;
expectation of success

Shattil-257 describes a CI system that “increases flexibility and adaptability

by providing scaling of operating parameters and/or signal characteristics in a CI
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system.” EX1094, 135:62-65. Shattil-257 also describes control circuitry that “may
scale a transmitted bit rate by scaling . . . the carrier spacing,” and “this permits the
scaleable CI system to operate in various communications environments requiring
various operating parameters and/or characteristics.” EX1094, 136:5-23. But Shattil-
257 does not provide specific examples of how the sub-carrier spacing is scaled for
different environments.

A POSITA would have been familiar with systems and methods that used
known subcarrier spacings to address different deployment scenarios or
environments in wireless communications networks. EX1002, 9143. Lucent
provides one such example of a system in which subcarrier spacing changes
depending on the environment in which the mobile station is being used. /d., §140-
44. For instance, Lucent is a proposal for a “[b]aseline OFDM [s]ystem[] for
[s]tudy.” EX1006, p.1. In Lucent, there are “three reference configurations” for the
proposed “baseline OFDM system.” EX1006, p.5. These are shown in the table

below:
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System Parameters Configuration 1 Configuration 2 Configuration 3
Suitable deployment environment Indoor. Pedestrian A | Vehicular A Pedestrian B
Symbol per 0.67 msec time slot 12 6 3

Number of FFT points 256 512 1024

Number of sub-carriers 256 512 1024

OFDM Symbol period (usec) 55.6 111 222

Sub-carrier spacing (kHz) 19.2 9.6 4.8

Guard band on each side of the SMHz

band (kHz) 424 424 424
Sampling period (usec) 0.20345025 0.20345025 0.20345025
Guard time Tg=Tprepix+Tposthi 17/3.46 34/6.92 68/13.8
(samples/usec)
Cyclic prefix length (samples/usec) 5/1.017252604 16/3.255204 50/10.17252604
Power amplifier ramp-up and ramp- )

6 samples each 9 samples each 9 samples each

down period (samples)

EX1006, p.5.

Lucent explains that the different configurations are associated with different
“suitable deployment environment[s].” Id.; see also id., p.7 (““We have suggested an
OFDM system with multiple configurations that can be deployed in different
environments.”). One difference between the three configurations proposed by
Lucent is the subcarrier spacing. There are three options: 19.2 kHz, 9.6 kHZ, and 4.8
kHz. Id. A POSITA knew that a user may have a mobile station (e.g., a UE) that was
used in each of the scenarios. EX1002, q9144-45. For example, a user may be in a
car moving at 100 km/h (configuration 2), stop and get out of the car and walk across

a parking lot (configuration 3), and then enter a building (configuration 1). EX1002,
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q146. Thus, each of these configurations may provide better performance than the
others depending on the environment in which the UE is located. /d.

A POSITA would have also recognized that the subcarrier spacings and other
system parameters (e.g., guard intervals, number of subcarriers, symbols per frame
(time slot), etc.) were calculated specifically for each of Lucent’s “Configurations.”
EX1002, q147. Lucent proposed using subcarrier spacings which reflected another

subcarrier spacing multiplied by a power of two as shown below:

Smallest Subcarrier spacing | Scaling Factor | Selectable Subcarrier
Spacing

4.8 kHz 1(2% 4.8 kHz

4.8 kHz 2(2hH 9.6 kHz

4.8 kHz 4 (2% 19.2 kHz

Because of the known interrelationship of the various system parameters, it
would have been obvious to implement predetermined “configurations” like those
shown in Lucent in connection with Shattil-257 to ensure proper operation of the
OFDM system and to minimize having to recalculate all the various system
parameters each time a change in, for example, subcarrier allocations or spacings
would have been beneficial to the system. EX1002, §148; EX1015, p.33 (“In OFDM
systems design, a number of parameters are up for consideration, such as the number
of subcarriers, guard time, symbol duration, subcarrier spacing, ....”).

A POSITA would have found it obvious to use predetermined subcarrier
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spacings (which are the lowest spacing and then increment by a scaling factor that
is a power of two) such as those taught by Lucent when selecting the subcarriers for
Shattil-257 users because it would have enabled selecting subcarrier spacings with
reduced complexity and calculation time (e.g., the system would provision different
“Configurations” depending on the scenario). EX1002, 4149.

Using a plurality of different selectable subcarrier spacings where at least one
spacing equals at least one other spacing multiplied by a scaling factor that is a power
of two as taught by Lucent would have merely combined Lucent’s known subcarrier
spacings and other system configurations with Shattil’s known system for encoding
and transmitting OFDM signals according to known methods (i.e., providing
different system configurations to address different environmental conditions).
EX1002, 9150.

Lucent’s different selectable subcarrier spacings reflects a known techniques
of defining different system configurations including a subcarrier spacing that equals
at least one of the other subcarrier spacings multiplied by a scaling factor that is a
power of two. Using Lucent’s technique would have improved Shattil-257’s known
OFDM transmitter and transmission techniques by enabling it to select pre-defined
configurations thus reducing computational load on the transmitter to adjust a range
of system parameter by simply applying preset configurations depending on

environmental conditions. EX1002, q151. The results of the combination would
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have been predictable because various system parameters would be adjusted
according to predefined configurations thereby permitting, for example, a larger or
smaller subcarrier spacing and symbol duration thus improving performance
depending on the channel conditions. /d., §J151-52.

A POSITA would have reasonably expected to succeed in making the
combination. A POSITA knew that predefined configurations were one way to
enable OFDM systems to select different subcarrier spacings as shown by Lucent.
Having different selectable subcarrier spacings where at least one spacing equals at
least one other of the plurality of different selectable subcarrier spacings multiplied
by a scaling factor that is a power of two was a known way to configure OFDM
systems as also shown by Lucent. EX1002, §153. A POSITA also would have known
how to consider various system parameters including subcarrier spacings and
symbol durations to define different OFDM system configurations (as reflected in
Lucent) because such parameters were evaluated by a POSITA in OFDM system
design. EX1015, p.33 (“In OFDM systems design, a number of parameters are up
for consideration, such as the number of subcarriers, guard time, symbol duration,
subcarrier spacing, ....”).

2. Claims 2, 9, and 16

Shattil-257 in view of Lucent renders obvious wherein at least one of the

plurality of different selectable subcarrier spacings equals at least one other of the
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plurality of different selectable subcarrier spacings multiplied by a scaling factor
that is a power of two. EX1002, §9154-57.

Lucent shows a plurality of three subcarrier spacings, where at least one of
the plurality of different selectable subcarrier spacings (e.g., 19.2 kHz in
Configuration 1) equals at least one other of the plurality of different selectable
subcarrier spacings (e.g., 9.6 kHz in Configuration 2) multiplied by a scaling factor
that is a power of two (e.g., the scaling factor of 2 from Configuration 2 to

Configuration 1 is a 21):

System Parameters Configuration 1 Configuration 2 Configuration 3

Suitable deployment environment Indoor, Pedestrian A | Vehicular A Pedestrian B

Symbol per 0.67 msec time slot 12 6 3

Number of FFT points 256 512 1024

Number of sub-carriers 256 512 1024

OFDM Symbol period (usec) 55.6 111 222

Sub-carrier spacing (kHz) 19.2 9.6 4.8

S;r(;(::):;()i on each side of the SMHz 424 424 424

Sampling period (usec) 0.20345025 0.20345025 0.20345025
((’S:‘l:sl:‘:iefc")z Tprepix* Tposgn 17/3.46 34/6.92 68/13.8

Cyclic prefix length (samples/usec) 5/1.017252604 16/3.255204 50/10.17252604

Power amplifier ramp-up and ramp-
down period (samples)

6 samples each

9 samples each

9 samples each

EX1006, pp.5-7. EX1002, q9155-56. This describes at least one of the plurality of

subcarrier spacings (e.g., 19.2 kHz) that equals at least one other of the plurality of
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different selectable subcarrier spacings (e.g., 9.6 kHz or 4.8 kHz) multiplied by a
scaling factor that is a power of two (e.g., 4.8 kHz times 22 or 9.6 kHz times 2').
EX1002, 9156. It would have been obvious to implement these configurations in
Shattil-257 for the reasons discussed above. Supra §IX.B.1.

Thus, Shattil-257 in view of Lucent renders obvious claim 2.

C. Grounds 4 and 5: Claims 1-3 and 5 are rendered obvious by

(Ground 4) Galda in view of Lucent and (Ground 5) Galda in
view of Doufexi

1. Overview of the combinations; motivation to combine;
expectation of success

Grounds 3 and 4 address claims 1-3 and 5 and rely on Galda in view of Lucent
and Doufexi, respectively. These grounds are treated together because they present
similar issues.

Galda explains that “[tlhe FDMA multiple access scheme offers not only a
high flexibility for radio resource management (RRM) but can also increase the
bandwidth efficiency of the complete system by avoiding the use of highly
attenuated subcarriers for specific users based on the knowledge of the channel
transfer function.” EX1004, p.1737. Galda does not explain what its subcarrier
spacing is or state whether it is fixed or variable. EX1002, q9158-59, 207-08.

A POSITA knew that there were benefits to using variable sub-carrier

spacings in OFDM communications systems. These benefits are revealed in both
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Lucent and Doufexi.

Lucent is summarized above in connection with Ground 3. Supra §§VIIL.D,
IX.B; see EX1002, 9160-63. As explained in more detail below, a POSITA would
have been motivated to enable Galda’s system and method to provision subcarriers
by including the ability to select from among multiple subcarrier spacings where at
least one of the subcarrier spacings is equal to another spacing multiplied by a
scaling factor that is a power of two based on Lucent.

Doufexi explains that “OFDM is proposed as being a leading candidate for a
4G cellular communications standard.” EX1003, p.192. “[K]ey design
considerations and link parameters for a 4G OFDM system are identified” including
“subchannel spacing.” Id. Doufexi motivates a POSITA to use selectable link

parameters: “Since 4G systems will be deployed in a wide range of environments, a

fixed set of parameters is not capable of achieving high performance in all cases.”

1d.; EX1002, 99209. “A system capable of dynamically adapting one or more of the

above parameters may offer superior performance.” EX1003, p.192; EX1002, 9209.

Thus, Doufexi provides different “parameters and transmission modes” shown in the

following table:
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Table 2. OFDM Parameters for 4G.

- Parameter Value 1 Value 2
L—" Operating Frequency 2GHz 2GHz
L—"  Bandwidth (B} 4096 kHz 4096 kHz
L—Uscful Symbol Duration (7) 62.5 s 125 jis
L—" Guard Interval Duration (T,,) 15.625 ps (T/4) 31.25us (T/4)
—Total Symbol Duration (T eymbo) 78.125 ps (with GI =T/4) 156.25 s (with GI =T/4)
— Inner Channel Coding Punctured 1/2 rate convolution code, Punctured 1/2 rate convolution code,
L Constraint ]cugtzhjz, {133, 171 }our Constraint Img_i'; {133, 171}
— Number of data sub-carriers (Np) 216 432

Sub-carrier spacing (A, 16 kHz 8 kHz

EX1003, p.193. As shown here, various parameters are adjusted including “sub-
carrier spacing (Ay).” Id.; EX1002, 99210-11. Thus, Doufexi motivates a POSITA to
have a system in which the subcarrier spacing can be selected from among a plurality
of subcarrier spacings. EX1002, 4211. Such a capability can provide a system that

achieves “high performance” in “a wide range of environments” and ‘“‘superior

performance.” EX1003, pp.192-193; EX1002, 9211.

Additionally, at least one of Doufexi’s selectable subcarrier spacings equals
the other selectable subcarrier spacings multiplied by a scaling factor that is a power
of two. Specifically, Doufexi’s subcarrier spacings are 16kHz and 8kHz each
providing a different symbol period, where 16kHz is equal to 8kHz multiplied by
21. EX1002, 99210-12. A POSITA would have been motivated to allow Galda’s
system and method to select one of a plurality of selectable subcarrier spacings based
on Doufexi and to implement different OFDM system “values” or configurations to
simplify processing of the various system parameters when the environmental

conditions change as explained in further detail below. EX1002, §213.

50



IPR2025-00793 Petition Requesting Inter Partes Review
Patent No. 11,424,792

Based on the foregoing a POSITA would have found it obvious to select one
of the plurality of subcarrier spacings when selecting the subcarriers for Galda’s
user m because the prior art provides express motivation to do so. EX1002, 99164,
213. A POSITA would have seen benefits in configuring Galda to select one of a
plurality of subcarrier spacings when selecting a user’s subcarriers using the
predefined configurations taught by Lucent or Doufexi including (1) achieving

“high” or “superior” performance in “a wide range of environments” as stated by

Doufexi, and (2) enabling different configurations for different UE environments as
taught by Lucent. EX1002, 164, 213.

Additionally, a POSITA would have found it obvious to select from a plurality
of subcarrier spacings when selecting a user m’s subcarriers in Galda because doing
so was one of two possible choices: either employ a fixed subcarrier spacing or
employ a variable or selectable subcarrier spacing. EX1002, 9165, 214. And there
were known benefits of providing for selectable subcarrier spacings including
permitting system adaptability. EX1002, 9165, 214. Employing the configurations
defined by Lucent or the “values” defined by Doufexi would have enabled Galda’s
system to apply variable OFDM system parameters depending on the environment
or deployment conditions under which the mobile station is operating. This includes
using the predefined subcarriers in which one subcarrier spacing is equal to another

subcarrier spacing that is multiplied by a scaling factor that is a power of two as
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shown by both Lucent and Doufexi. EX1002, 99166, 215. Implementing the known
configurations provided by Lucent and Doufexi in Galda would have reduced the
computational complexity of adapting the OFDM system to different conditions.
EX1002, 99167, 216. The rationale for why a POSITA would have found applying
known configurations as disclosed by Lucent in connection with OFDM
transmission systems are applicable to the combination of Galda and Lucent or
Galda and Doufexi. Supra §IX.B.1.

Using selectable subcarrier spacings and permitting Galda to select them as
part of selecting the set of subcarriers for a particular user (m) would have merely
used a known technique of using selectable subcarrier spacings as in each of Doufexi
or Lucent to improve Galda by allowing it to be adaptable to different environments
and deployment scenarios thus increasing system flexibility. EX1002, 49167, 216.
The results of the combination would have been predictable because various system
parameters would be adjusted to permit either a larger or smaller subcarrier spacing
and symbol duration thus improving performance depending on the channel
conditions. EX1002, 4168, 216. Moreover, the resulting combination would have
provided predictable results because various system parameters would be adjusted
according to predefined configurations thereby permitting, for example, a larger or
smaller subcarrier spacing and symbol duration thus improving performance

depending on the channel conditions. EX1002, §9167-68, 216.
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A POSITA would have reasonably expected to succeed in implementing the
predefined OFDM configurations taught by Lucent and Doufexi in Galda’s OFDM
system because POSITAs were aware of the benefits of selecting different subcarrier
spacings (including predefined spacings that equal other spacings multiplied by a
scaling factor that is a power of two) depending on channel conditions, deployment
scenarios, and/or environmental conditions. EX1002, 99169, 217. A POSITA was
also aware of the mathematical relationships between OFDM symbol duration and
subcarrier spacing that are needed to maintain orthogonality. EX1002, 49170, 217;
EX1015, p.22 (“[T]he carriers are linearly independent (i.e., orthogonal) if the
carrier spacing is a multiple of 1/T.”). A POSITA also would have known how to
consider various system parameters including subcarrier spacings and symbol
durations to define different OFDM system configurations because such parameters
were commonly considered by a POSITA in OFDM system design and this was
textbook knowledge. EX1015, p.33 (“In OFDM systems design, a number of
parameters are up for consideration, such as the number of subcarriers, guard time,
symbol duration, subcarrier spacing, ....”).

2. Claim 1

a. [1Pre]: Method of enabling flexible channel bandwidth

Assuming the preamble is limiting, Galda in view of Lucent (Ground 4) and

Galda in view of Doufexi (Ground 5) renders obvious a method of enabling flexible
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channel bandwidth for mobile radio communications. EX1002, 49171-74, 218.
Galda discusses “an OFDM access scheme” that is a method of flexible

channel bandwidth for radio communications because the scheme “offers not only

a high flexibility for the radio resource management (RRM) but can also increase

the bandwidth efficiency of the complete system by avoiding the use of highly

attenuated subcarriers for specific users based on the knowledge of the channel

transfer function.” EX1004, p.1737; see also id. (“By allocating distinct sets of

subcarriers to different users the available bandwidth can be flexibly shared between

different mobile terminals while avoiding any multiple access interferences (MAI)
between different users.”); EX1002, 49172, 218.

Indeed, Galda’s Abstract states that OFDM “has a high system inherent
flexibility for designing a multiple access scheme by combining conventional
TDMA, FDMA, and CDMA approaches with the OFDM modulation scheme.”
EX1004, p.1737. Moreover, the combination of Galda and Lucent and Galda and
Doufexi would further increase flexibility in channel bandwidth by allowing for
different conditions to be addressed by, for example, different system parameters
including subcarrier allocations, guard intervals, symbol durations, and subcarrier
spacings. EX1002, 99173, 218.

Thus, Galda in view of Lucent and Galda in view of Doufexi render obvious

[1Pre].
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b. [1A]: provisioning OFDM subcarriers

Galda in view of Lucent (Ground 4) and Galda in view of Doufexi (Ground
5) renders obvious provisioning a set of Orthogonal Frequency Division
Multiplexing (OFDM) subcarriers for mobile radio communications. EX1002,
19175-80, 218.

In Galda, “the subdivision of the transmission bandwidth into a set of
orthogonal subcarriers can additionally be exploited by an OFDM-FDMA scheme]]
[b]y allocating distinct sets of subcarriers to different users.” EX1004, p.1737.
Galda’s subcarriers are OFDM subcarriers because Galda describes an OFDM-
FDMA scheme. EX1004, pp.1737, 1739, 1741; EX1002, 99176-77, 218.

Galda discloses “FDMA-Mapping” block, which would have been understood
to perform provisioning OFDM subcarriers for mobile radio communications as

shown below:

Mapplng
S p— ) ) )
s e
—f pncoder * |—>{Modulstion|—» & E‘; 5 i o
: . - = 'Add Guard
: L NZ" 4 ‘
: D™ s™ . z - Interval
s
No No
L e L L L L b L L

EX1004, p.1740; EX1002, 99178, 218. “FDMA-Mapping” maps “L complex

transmit symbols S l(m) onto L of the available N¢ subcarrier[s] which are exclusively
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allocated to user m.” EX1004, p.1738. This provisioning acts on the allocation of

subcarriers to user m and thus allows the IFFT to generate the resulting “OFDM time

signal of user m” called s™. EX1004, p.1738; EX1002, 9179, 218. By this
provisioning, FDMA-Mapping provides spread (encoded) data symbols to
provisioned inputs of the IFFT. EX1002, 99179, 218. In the combined Galda-Lucent
and Galda-Doufexi systems, a POSITA would have understood that this mapper
operates on, among other things, different “Values” or “Configuration.” EX1002,
4179, 218. Thus, Galda describes a step of provisioning OFDM subcarriers.

Thus, Galda in view Lucent or Galda in view of Doufexi render obvious
Limitation [1A].

C. [1B]: encoding data symbols with polyphase codes from
a DFT

Galda in view of Lucent (Ground 4) and Galda in view of Doufexi (Ground
5) renders obvious encoding data symbols with polyphase codes derived from a
discrete Fourier transform to produce encoded data symbols. EX1002, 49181-88,
218.

Galda describes performing encoding the data symbols with polyphase codes
because the vector of “complex modulation symbols” (i.e., data symbols “D (m)»y jg

multiplied by codes from complex-valued code matrix “[C]” to produce encoded

data symbols (i.e., “complex transmit symbols” «S (m)»y EX1004, p.1738; EX1002,
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991182-83, 218. The encoding is performed in Galda’s “DFT-Spreading” block:

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

;
{
l

P2
ColFAER
data spread e <
symbols symbols

EX1004, p.1738 (Fig. 6(a)).

Galda performs encoding data symbols with polyphase codes derived from a
discrete Fourier transform because it explains that “Z complex modulation symbols
D™, [=0,...,L —1 ... are spread over the L user specifically allocated subcarrier
with a[] unitary spreading matrix [C] resulting in L complex transmit symbols S/™.”

EX1004, p.1738. Galda’s spreading matrix [C] defines a number of polyphase codes

described as “L orthogonal code vectors El = (Cz,o; Cii)eens Cl,l) withl = 0, ..., L —

1.” EX1004, p.1738. The encoded data symbols Sl(m) (for /=0 to [=L-1) are

mathematically represented as follows:

L—-1
™= D™ for 1=0,..,L-1
v=0
EX1004, p.1738; EX1002, §9184-85, 218. Thus, the data symbols D, /= 0,...,

— 1 (expressed as vector D\Em) in the equation above) are encoded with polyphase
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codes. EX1002, 99185, 218.
Galda’s polyphase codes are derived from a discrete Fourier transform

because they take the form:

1 o
Ci,j — <ﬁ) ) e]ZTL'l]/L

EX1004, p.1739; EX1002, 99186, 218. Galda’s polyphase codes derived from a

discrete Fourier transform are thus expressed as L orthogonal code vectors 51 =
(Cl,O' Ciy) s Cl,l) with [ = 0,...,L —1” and each code in the code vector are
obtained from ‘“the elements of the Fourier matrix.” EX1004, pp.1738, 1739;
EX1002, 99186, 218.

When data symbols D™, =0, ..., L — 1 are multiplied by the elements of the
Fourier matrix, it encodes the data symbols to be transmitted by spreading them fo
produce encoded data symbols which are defined by the summation of products of
the polyphase codes and data symbol vectors. EX1002, 44187, 218.

Thus, Galda in view Lucent or Galda in view of Doufexi render obvious
Limitation [1B].

d. [1C]: modulating encoded symbols onto OFDM
subcarriers

Galda in view of Lucent (Ground 4) and Galda in view of Doufexi (Ground

5) renders obvious modulating the encoded data symbols onto the OFDM
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subcarriers to produce a superposition signal that resembles a single-carrier signal
and has one of a plurality of different symbol durations [1C]. EX1002, 44189-95,
219-23.

Galda discloses an OFDM modulator (called “OFDM-Transmitter” in Fig. 1)

as shown below.

OFDM Modulator

~~~~~~~~~~~~~

: -~ 15
Encoder + : ' g : 2 =
— Modulstion—{ § | E; gT A i o
: Iz - i o] Add Guard
: L T B (i E H
: /™ s= }5_'. s 2 Interval
oot ;
. o |E
: - Pog! Py S L
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EX1004, p.1740 (Fig. 6(a)); see also id., 1738 (Fig. 1). The modulator uses an IFFT

and thus modulates Galda’s subcarrier values (Sl(m)) onto a set of OFDM
subcarriers (Galda’s “L of the available N¢ subcarriers”). EX1002, §9190-91, 220-
21.

Galda’s IFFT block produce a superposition signal because Galda’s time-
domain waveform (“the resulting OFDM time signal of user m” s{™) is the sum
(superposition) of the individual spread symbols on the subcarriers, as is reflected in

the following mathematical expression:
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L-1
s 1 Z o
Si(m) — e]ZTum/NC = Sl(m)e—]ZT[ll/L (3)
" 1=0

for i= _NG,...,O, ...,Nc,
where the summation of subcarriers from [ = 0 to L represents a superposition

signal of the subcarriers, and corresponding data symbols, modulated by the set of

subcarrier values Sl(m). EX1004, pp.1738-1739; see also id., p.1737 (‘“the
superposition signal results from a large number of independent data symbols”);
EX1002, 99192, 221.

To the extent the Board determines that Galda does not expressly disclose
production of a superposition signal, it would have been obvious to a POSITA that
Galda’s “OFDM time signal” is a superposition signal, EX1004, pp.1737, 1738,
because Patent Owner has admitted in co-pending litigation that a POSITA “at the
time of the invention would understand that an OFDM signal is a superposition of
subcarriers” and is “a sum (i.e., a superposition) of the subcarrier frequencies
modulated with their corresponding symbols.” EX1039, p.10; EX1047, p.8 (Patent
Owner admitting that a POSITA “would understand that an OFDM signal is a
superposition of subcarriers™); EX1087, p.8 (same); EX1089, p.6 (same); EX1002,
19192, 221.

Galda produces a superposition signal that resembles a single-carrier signal
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because “[t]he time signal of the OFDM-FDMA uplink with DFT spreading is

identical to a single carrier transmission.” EX1004, p.1740.

Galda’s OFDM signal will have a symbol duration because Galda explains
that there are a “number of periods inside a single OFDM symbol,” which is “equal
to the spacing M of the subcarriers allocated to user m.” EX1004, p.1740. Galda does
not explicitly mention a plurality of different symbol durations but, as explained in
connection with Limitation [1D], below, both Lucent and Doufexi disclose
superposition signals with one of several different symbol durations (tied to different
subcarrier spacings). It would have been obvious to modify Galda to include a
plurality of different symbol durations for the reasons discussed above and based on
the knowledge that a symbol period is the inverse of the subcarrier spacing in order
to maintain orthogonality. Supra §IX.C.1; EX1002, 49193-94, 222; EX1015, p.22
(“[TThe carriers are linearly independent (i.e., orthogonal) if the carrier spacing is a
multiple of 1/T.”).

Thus, Galda in view of Lucent and Galda in view of Doufexi render obvious
Limitation [1C].

e. [1D]: selecting one of multiple different subcarrier
spacings provides one of multiple symbol durations

Galda in view of Lucent (Ground 4) and Galda in view of Doufexi (Ground

5) renders obvious wherein provisioning comprises selecting one of a plurality of
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different selectable subcarrier spacings, to provide for the one of the plurality of
different symbol durations. EX1002, 49196-99, 224-28.

Galda does not describe selecting one of a plurality of different selectable
subcarrier spacings, to provide for the one of the plurality of different symbol
durations. This limitation would have been obvious over Galda in view of Lucent or
Galda in view of Doufexi because each of Lucent and Doufexi disclose provisioning
subcarriers that includes selecting one of a plurality of different selectable subcarrier
spacings to provide for the one of the plurality of different symbol durations.

Doufexi: Doufexi describes provisioning “the key link parameters of OFDM
for a potential 4G cellular standard” where “[t]hese include the number of carriers
[and] the subcarrier spacing.” EX1003, p.192. Doufexi discloses “[a] system capable
of dynamically adapting one or more of the above parameters may offer superior
performance” and shows two different sets of dynamically adaptable “proposed

OFDM parameters” in Table 2:

F Table 2. OFDM Parameters for 4G.

- Parameter Value 1 Value 2

L—  Operating Frequency 2GHz 2GHz

L—  Bandwidth (B) 4096 kHz 4096 kiz

L—Useful Symbol Duration (7) 62.5 ps 125 us

L~ Guard Interval Duration (T,) 15.625 ps (7/4) 31.25us (T/4)

L—Total Symbol Duration (7 symbey) 78.125 pis (with GI =7/4) 156.25 pis (with GI =T/4)

= Iniéf Channel Coding Punctured 1/2 rate convolution code, Punctured 172 rate convolution code,
‘ Constraint length 7, {133, 171} oy Constraint length 7, {133, 171

—  FFT Size 256 512 o
| = Number of data sub-camers (Np) 216 432

Sub-carrier spacing (4, 16 kHz 8 kHz
' STEEn 4 S A
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EX1003, pp.192-193 (Table 2). Doufexi discloses selecting one of a plurality of
different subcarrier spacings by showing two options for adaptable subcarrier
spacing (16 kHz and 8 kHz) to provide for one of the plurality of different symbol
durations (“[t]he subcarrier spacing is 4y = 1/T”, where T is Useful Symbol
Duration, so selecting 45 of 16 kHz will provide for 7'of 62.5 us and selecting 8 kHz
will provide for 7 of 125 us). EX1003, p.193; EX1002, 9225-27.

Lucent: Lucent describes selecting one of a plurality of different selectable
subcarrier spacings in describing “an OFDM system with multiple configurations
that can be deployed in different environments” where Configuration 1 includes a
sub-carrier spacing of 19.2 kHz, Configuration 2 includes a sub-carrier spacing of

9.6 kHz, and Configuration 3 includes a sub-carrier spacing of 4.8 kHz:
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System Parameters Configuration 1 Configuration 2 Configuration 3
Suitable deployment environment Indoor. Pedestrian A | Vehicular A Pedestrian B
Symbol per 0.67 msec time slot 12 6 3

Number of FFT points 256 512 1024

Number of sub-carriers 256 512 1024

OFDM Symbol period (usec) 55.6 111 222

Sub-carrier spacing (kHz) 19.2 9.6 4.8

l():r(nlc(l:):;;i on each side of the SMHz 424 424 424

Sampling period (usec) 0.20345025 0.20345025 0.20345025
Guard time 7¢=Tpret+ Tposgh 17/3.46 34/6.92 68/13.8
(samples/usec)

Cyclic prefix length (samples/usec) 5/1.017252604 16/3.255204 50/10.17252604
A SRR AT TR M AT TRy 6 samples each 9 samples each 9 samples each

down period (samples)

EX1006, pp.5-7. EX1002, 44/197. Lucent’s three configurations also show an inverse
relationship between sub-carrier spacing and symbol period, such that selecting a
subcarrier spacing provides for the one of the plurality of different symbol durations.
EX1002, 99197-98. For example, a subcarrier spacing of 4.8 kHz provides for a
symbol period of 222 microseconds, whereas a subcarrier spacing of 9.6 kHz
provides for a symbol duration of 111 microseconds.

Based on these teachings and for the reasons explained above, Galda in view
of Lucent and Galda in view of Doufexi renders obvious Limitation [1D] and claim

1. Supra §1X.C.1.
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3. Claim 2

Galda in view of Lucent (Ground 4) and Galda in view of Doufexi (Ground
5) renders obvious wherein at least one of the plurality of different selectable
subcarrier spacings equals at least one other of the plurality of different selectable
subcarrier spacings multiplied by a scaling factor that is a power of two. EX1002,
919200-203, 229-32.

Doufexi: Doufexi provides a plurality of different selectable subcarrier

spacings where one of the plurality (associated with Value 1) is 16 kHz and another

(Value 2) is 8 kHz:
r Table 2. OFDM Parameters for 4G.
b Parameter Value 1 Value 2
L— Operating Frequency 2GHz 2GHz
L—  Bandwidth (B) 4096 kHz 4096 kHz
— Useful Symbol Duration (7) 62.5 s 125 us
— Guard Interval Duration (7,) 15.625 ps (7/4) 31.25pus (T/4)
L—Total Symbol Duration (Tsymboy) 78.125 ps (with GI =7/4) 156.25 pis (with GI =T/4)
= InfAér Channel Coding Punctured 1/2 rate convolution code, Punctured 1/2 rate convolution code,
Constraint length 7, {133, 171} Constraint length 7, {133, 171}y
—  FFT Size 256 512 :
= Number ot data sub-carners (Np) 216 432
Sub-carrier spacing (4, 16 kHz 8 kHz

EX1003, Table 3. Thus, at least one of the plurality of different selectable subcarrier
spacings (1.e., 16 kHz) equals at least one other of the plurality of different selectable
subcarrier spacings (i.e., 8 kHz) multiplied by a scaling factor that is a power of two
(i.e., a scaling factor of 2, which 21). EX1002, 99230-31.

Lucent: Lucent shows a plurality of three subcarrier spacings, where at least

one of the plurality of different selectable subcarrier spacings (19.2 kHz in
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Configuration 1) equals at least one other of the plurality of different selectable

subcarrier spacings (9.6 kHz in Configuration 2) multiplied by a scaling factor that

is a power of two (the scaling factor of 2 from Configuration 2 to Configuration 1 is

a2h).
System Parameters Configuration 1 Configuration 2 Configuration 3
Suitable deployment environment Indoor. Pedestrian A | Vehicular A Pedestrian B
Symbol per 0.67 msec time slot 12 6 3
Number of FFT points 256 512 1024
Number of sub-carriers 256 512 1024
OFDM Symbol period (usec) 55.6 111 222
Sub-carrier spacing (kHz) 19.2 9.6 4.8
S;:i‘(li(:}})}:lzl()i on each side of the SMHz 424 4924 424
Sampling period (usec) 0.20345025 0.20345025 0.20345025
((;‘::SIL‘S“:"S efc"; Tprepix* Tpostn 17/3.46 34/6.92 68/13.8
Cyclic prefix length (samples/usec) 5/1.017252604 16/3.255204 50/10.17252604
Pou:er an}pliﬁer i/ o 6 samples each 9 samples each 9 samples each
down period (samples)

EX1006, pp.5-7. EX1002, 9201-02. In fact, each of Lucent’s configurations

represent powers of 2 when it comes to the subcarrier spacings:

Smallest Subcarrier spacing | Scaling Factor | Selectable Subcarrier
Spacing

4.8 kHz 029 4.8 kHz

4.8 kHz 2 (2YH 9.6 kHz

4.8 kHz 4 (2% 19.2 kHz
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EX1002, 9202.
For the reasons explained above, Galda in view of Lucent and Galda in view

of Doufexi render claim 2 obvious. Supra §IX.C.1.

4. Claim 3

Galda in view of Lucent (Ground 4) and Galda in view of Doufexi (Ground
5) renders obvious wherein the superposition signal is provided with a cyclic prefix.
EX1002, 94204-06, 233-35.

Galda’s Fig. 6(a) shows a block “Add Guard Interval,” which Galda explains

adds ““a guard interval as a cyclic prefix” onto the DFT-spread OFDM signal:

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

- 1 1 1 1 .
: i +Append Cyeclic Prefix
Encoder + . 5 : ’ -

o Modulation|—+{ & E.; g’ 1% : o

: L t NEN Z G-y

S e merval

: E =+

: No No

L L L L L L L T L L

EX1004, p.1740 (Fig. 6(a)); see also id., pp.1737 (noting that interferences can be
avoided by “by introducing an additional guard interval into the OFDM symbol™),
1739 (“a guard interval is added in the time domain as a cyclic prefix”); EX1002,
99205, 234. As seen here, the cyclic prefix is added after spreading and before
transmission. EX1004, p.1740 (Fig. 6(a)).

Thus, Galda in view of Lucent and Galda in view of Doufexi render obvious
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claim 3.
D. Grounds 6 and 7: Claims 8-10, 12, 15-17, and 19 are rendered

obvious by (Ground 6) Galda in view of Lucent and Dowling and
(Ground 7) Galda in view of Doufexi

1. Overview of the combinations; motivation to combine;
expectation of success

Grounds 6 and 7 address claims 8-10, 12, 15-17, and 19. Independent claim 8
recites an apparatus that comprises [8A] at least one processor and [8B] at least one
non-transitory computer-readable memory in electronic communication with the at
least one processor, and instructions stored in the at least one memory, the
instructions executable by the at least one processor. EX1001, cl. 8. Independent
claim 15 recites [15Pre] A computer program product, comprising a non-transitory
computer-readable memory having computer readable program code stored therein,
the program code containing instructions executable by one or more processors of
a computer system. Claims 8-10, 12, 15-17, and 19 otherwise correspond to claims
1-3 and 5. The reasons to combine Galda and Lucent and Galda and Doufexi are
already provided in connection with Grounds 4 and 5 and are equally applicable to
Grounds 6 and 7. Supra §1X.C.1. Thus, this analysis focuses on the additional
combination of Galda-Lucent and Galda-Doufexi with Dowling.

While the claims challenged in these Grounds require computer instructions

stored in memory which are executable by a processor, Galda, Lucent, and Doufexi
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do not explicitly state whether the disclosed systems are implemented in hardware
or a combination of hardware and software. EX1002, 49236-39. Nevertheless, a
POSITA would have understood that Galda in view of Lucent and Galda in view of
Doufexi would have needed to be implemented using at least one of these
technologies. Id. A POSITA would have found it obvious to implement the Galda-
Lucent combination and the Galda-Doufexi combination in software stored in
memory coupled to a processor such that the software is executed by the processor.
1d., 239

A POSITA knew that transmitters could be implemented in hardware or
software. For example, Dowling explains that various aspects of an OFDM
transmitter including its modulation techniques “may be implemented as software
modules which execute on a programmable processor architecture.” EX1042, 3:46-
50; see id. at 5:66-6:1 (disclosing that “the transmitter, receiver, and precoder may
be implemented in hardware or software”); 21:62-64 (disclosing that the “present
invention” is applicable to FFT based multicarrier modulation and OFDM systems).
In a software implementation, software is stored in some form of memory and is
provided from memory to a processor for execution as was well known to a POSITA.
EX1002, 99240-41. Indeed, those skilled in the art were aware of “software radios”
that used code in memory and processors to execute that code to provide flexibility

in design and updating, as opposed to hardware which was significantly more
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difficult to upgrade because it 1s fixed in silicon. EX1002, 4241; EX1008 (describing
OFDM-CDMA software radio); EX1011, 44[0124]-[0125] (noting that modulation
“and other techniques” can be implemented in ‘“hardware, software, or a
combination thereof™).

A POSITA would have been motivated to implement the combined Galda-
Lucent and the combined Galda-Doufexi functions (as explained in connection with
Grounds 4 and 5, above) in a software radio (including code in memory and a
processor coupled to memory to execute the code) rather than in specialized
hardware because doing so would have involved (a) the simple substitution of one
known element (a software-based transmitter) for another (hardware implementation
of same) to obtain predictable results (the same functionality performed in software
rather than hardware), (b) the predictable use of prior art elements (software-based
transmitter components) according to their established functions (i.e., performing
the same functions as the Galda-Lucent and Galda-Doufexi combinations), and (c)
applying a known technique (software implementation) to a known device (Galda’s
transmitter) ready for improvement—e.g., in need of implementation details—to
yield predictable results (a transmitter performing Galda’s operations in software).
EX1002, 99242-43.

A POSITA also would have expected to succeed in making this combination.

Galda discloses an OFDM transmitter and defines the various mathematical
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operations for each of the components. Implementing these mathematical operations
in software would have required only routine knowledge because software is
especially well-suited for performing mathematical operations. EX1002, 9244.
Given the number of disclosures indicating that those in the field were aware that
various transmitter functions were able to be implemented in either hardware or
software—two known alternatives—a POSITA would have reasonably expected in
achieving a software implementation using instructions stored on a memory for
execution by a processor. /d.

2. Claims 8 and 15

a. [8Pre]. [SA]. [8B]. [15Pre]: Apparatus, processor,
memory, computer program product

Galda in view of Lucent and Dowling (Ground 6) and Galda in view of
Doufexi and Dowling (Ground 7) render obvious the following aspects of claims 8
and 15:

[8Pre] An apparatus for providing flexible channel
bandwidth in mobile radio communications, [8A] at least
one processor and [8B] at least one non-transitory
computer-readable memory in electronic communication
with the at least one processor, and instructions stored in
the at least one memory, the instructions executable by the

at least one processor;

[15Pre] A computer program product, comprising a non-
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transitory computer-readable memory having computer
readable program code stored therein, the program code
containing instructions executable by one or more

processors of a computer system

EX1002, 99245-49.

Galda in view of Lucent and Galda in view of Doufexi render obvious an
apparatus for providing flexible channel bandwidth in mobile radio communications
as recited in [8Pre] because it describes a method that is for providing flexible
channel bandwidth in mobile radio communications as explained in connection with
[1Pre], above, and the method is performed using an apparatus. Supra §§1X.C.2.a;
IX.D.1.

Dowling explains that various aspects of an OFDM transmitter, including its
modulation techniques, “may be implemented as software modules which execute
on a programmable processor architecture.” EX1042, 3:46-50; see id. at 5:66-6:1
(disclosing that the transmitter, receiver, and precoder may be implemented in
“hardware or software”); 21:62-64 (disclosing that the “present invention” is
applicable to FFT based multicarrier modulation and OFDM systems). In a software
implementation, software is stored in memory, and is provided from memory to a
processor for execution. EX1002, 99246-47. Dowling further discloses that its

transmitter may be implemented as “a computer program which executes on a
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processor.” EX1042, 19:14-15. A POSITA would have understood that “software
radios” with code in memory and processors to execute that code to provide
flexibility in design and updating and were significantly easier to upgrade than
hardware whose implementation would have been fixed in silicon. EX1002, 9248;
EX1008 (describing OFDM-CDMA software radio); EX1011, 9Y[0124]-[0125]
(modulation can be implemented in “hardware, software, or a combination thereof™).
These references have similar disclosures to the ’792 Patent, which states that
various aspects “may be implemented in hardware or special purpose circuits,
software.” EX1001, 62:52-53. For the reasons explained above, a POSITA would
have found it obvious to implement Galda’s transmitter in software stored on
memory for execution by a processor coupled to the memory as recited in claims 8
and 15. Supra §1X.D.1.

Thus, Galda in view of (1) Dowling and Doufexi or (2) Dowling and Lucent
renders obvious [8Pre], [15Pre], [8A], and [8B]. EX1002, 99245-49.

b. [8Ci]-[8Civ]. and 15[A]-15[D]

Limitations [8Ci]-[8Civ] and 15[A]-15[D] are the same as Limitations [1A]-
[1D]. The analysis of those limitations is equally applicable to these limitations.
Supra §§1X.C.2.b-e.

Limitations [8Ci]-[8Civ] and 15[A]-15[D] are obvious over Galda in view of

Lucent and Dowling (Ground 6) and Galda in view of Doufexi and Dowling (Ground
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7) for the reasons explained above. Supra §§IX.C.1 (combination of Galda with
Lucent and Doufexi), IX.D.1 (addition of Dowling); EX1002, §9250-54.

3. Claims 9 and 16

Claims 9 and 16 are the same as claim 2. Supra §IX.C.3; EX1002, 9255.
Accordingly, Galda in view of Lucent and Dowling and Galda in view of Doufexi
and Dowling render obvious claims 9 and 16 based on the analysis presented respect
to claim 2. Supra §IX.C.3. It would have been obvious to implement the
functionality recited in claims 9 and 16 in software stored in memory for execution
by a processor for the same reasons provided above based on Galda in view of
Lucent and Dowling and Galda in view of Doufexi and Dowling. Supra §1X.D.1;
EX1002, 9255.

4. Claims 10 and 17

Claims 10 and 17 are similar to claim 3. Claim 3 recites that “the superposition
signal is provided with a cyclic prefix” and claims 10 and 17 reciting “adding a
cyclic prefix to the superposition signal.” Supra §1X.C.4.

Claims 10 and 17 are rendered obvious by Galda in view of Lucent and
Dowling and Galda in view of Doufexi and Dowling for at least the same reasons as
claim 3 and because Galda discloses “a guard interval is added in the time domain
as a cyclic prefix.” EX1004, p.1739; EX1002, 9256; supra §I1X.C.4. It would have

been obvious to implement the functionality recited in claims 10 and 17 in software
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stored in memory for execution by a processor for the same reasons provided above
based on Galda in view of Lucent and Dowling and Galda in view of Doufexi and

Dowling. Supra §1X.D.1; EX1002, 4256.

X. DISCRETIONARY DENIAL UNWARRANTED

A. Fintiv Factors Favor Institution

The Fintiv factors—as applied per the March 24, 2025 Guidance on the
USPTO recission of the Interim Procedure (EX1060, “Boalick Memo”) guides
against discretionary denial. Apple Inc. v. Fintiv, Inc., IPR2020-00019, Paper 11
(precedential).

1. Petitioners Will Seek a Stay

Factor 1 favors institution. Petitioner will seek a stay of co-pending litigation
pending the outcome of this and related IPRs and reexaminations. The Eastern
District of Texas has granted stays before claim construction because such cases
have “not reached such an advanced stage that it would weigh against a stay.”
Broadphone LLC v. Samsung Elecs. Co., Ltd., 2024 WL 3524022, at *2-3 (E.D. Tex.
July 24, 2024) (granting stay where “significant amount of discovery remains, the
claim construction hearing has not occurred, and trial is currently set for [over six
months later]”).

2. Parallel Proceeding Trial Date

Factor 2 is at worst neutral. A jury trial is scheduled for April 20, 2026.
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EX1046, p.1. With this petition being filed in April 2025, a final written decision
may be expected by October 2026, only six months after the scheduled trial date,
assuming the trial date holds, which, at present is unlikely. Judge Schroeder has
scheduled four patent jury trials scheduled for April 20, 2026. EX1061, p.1;
EX1062, p.1; EX1063, p.1; EX1064, p.5 (resetting trial to 4/20/2024). “[T]he Board
may consider any evidence that the parties make of record that bears on the
proximity of the district court’s trial date.” EX1060, p.2. Because four patent cases
cannot be tried simultaneously which (if any) trial will proceed is speculative. Boe
Tech. Grp. Co. v. Optronic Scis. LLC, No. IPR2024-01130, 2025 WL 305477, at *4
(P.T.A.B. Jan. 27, 2025) (Fintiv factor 2 “neutral or weigh([s] slightly in favor of not
exercising discretion” where district court “set 10 cases for jury selection on the
same day”).

Even when the Final Written Decision (“FWD’’) may come after the trial date,
the Board has instituted trial based on many of factors present here, such as diligence
in filing the petition, a stipulation not to pursue the asserted grounds in litigation,
minimal investment in litigation, and the merits of the challenge were strong. Lego
Sys., Inc. v. Mg Gaming LLC, No. IPR2020-01445, 2021 WL 606917, at *8 (finding
jury trial “five months before a final written decision” outweighed by “low”
“investment by the court and parties in the [parallel case] on” common issues,

Petitioner’s Sotera stipulation, and strong merits to the challenge); Verizon Business
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Network Services, Inc. v. Huawei Techs. Co., IPR2020-01141, Paper 12 (Jan. 14,
2021). Petitioner diligently filed this petition particularly considering the complexity
of the analysis undertaken across eight asserted patents that collectively have (1) 638
pages, (2) 243 claims, (3) a range of effective filing dates, and (4) are part of a patent
family that was pending before the Office for about two decades. EX1047, q1;
EX1065. The way Patent Owner structured its patent families, shifted patent
disclosures from one application to the next, and, at times, incorporated dozens of
patents and publications by reference, placed a significant burden on Petitioner to
assess its positions. EX1023, pp.233-236, 241; EX1031, pp.24, 26, 29, 32, 36, 44.
The complexity presented by this, and the seven other IPR petitions Petitioner is
filing, weigh strongly in favor of institution. Apple, Inc. v. SEVEN Networks, LLC,
[PR2020-00156, Paper 10 at 21-22 (June 15, 2020) (“complexity of multiple patents
and issues in the District Court Action” favored institution). Considering these
procedural and technical complexities, the Board is uniquely situated to adjudicate
patentability because of its expertise in patent law and technological questions.

3. Investment in Parallel Proceeding

Factor 3 weighs against discretionary denial. The district court case is in the
early stages. Fact discovery is in its early stages: no depositions have occurred;
expert discovery is many months away. Fact discovery will likely close December

1, 2025. EX1046, p.3. Expert discovery currently starts that same day. Id. A
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Markman hearing is scheduled for Oct. 21, 2025. Id. Where, as here, “the district
court[s] ha[ve] not issued orders related to the patent at issue in the petition, this fact
weighs against exercising discretion to deny institution.” Fintiv at 10.

4. Stipulation Favors Institution

Factor 4 weighs strongly against discretionary denial. Petitioner hereby
stipulates that, if the IPR is instituted, Petitioner will not assert that any of the claims
challenged in this proceeding are invalid on any ground that Petitioner raised or
reasonably could have raised during this inter partes review. Sotera Wireless, Inc. v.
Masimo Corp., No. IPR2020-01019, at 19 (finding “stipulation here mitigates any
concerns of duplicative efforts...as well as concerns of potentially conflicting
decisions” and “ensures that an inter partes review is a ‘true alternative’ to the
district court proceeding™); Lego, 2021 WL 606917, at *6 (““[F]actor weighs strongly
against discretionary denial” where Petitioner makes Sotera stipulation); Verizon
Business Network Servs, Inc. v. Huawei Techs. Co., IPR2020-01141, Paper 12 (Jan.
14, 2021) (“[i]nstituting trial here serves overall system efficiency and integrity
goals by not duplicating efforts and by resolving materially different patentability
i1ssues.”).

5. Identity of the Parties

Factor 5 is either neutral or weighs slightly against institution because

Petitioner and Patent Owner are the same as in district court, but a “holistic view”
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favors institution. Samsung Elecs. Co. Ltd. v. Dynamics Inc., IPR2020-00505, Paper

11 at 15 (Aug. 12, 2020).

6. Merits Heavily Favor Institution

Factor 6 favors institution. The compelling merits of the challenge presented
herein further weigh heavily in favor of institution. As demonstrated by the Petition,
the challenged claims are unpatentable the cited prior art, which was not previously
considered despite numerous continuation filings. For example, a single undisclosed
reference—Galda—anticipates and/or obviates most challenged claims. The
Board’s views on the patentability of the challenged claims will also benefit the
public, which is otherwise faced with a thicket of similar and related patents that
Patent Owner contends are essential to 4G and 5G wireless standards and which
have been asserted against various companies. EX1098. This is the first and only
IPR on the *792 Patent, so a patentability determination by the Board on this Petition
would conserve resources.

B. Denial Under §325(d) Unwarranted

The °792 Patent was not rejected on any prior art, and the prior art in
Petitioner’s Grounds was never relied upon by the Examiner during prosecution for

a rejection. Therefore, denial under § 325(d) is unwarranted.

XI. MANDATORY NOTICES

A. Real Party-In-Interest
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Samsung Electronics Co., Ltd. and Samsung Electronics America, Inc. are the
real parties-in-interest.

B. Related Matters

The 792 Patent is asserted in the following litigation: GenghisComm
Holdings, LLC v. Samsung Electronics America, Inc. fk/a Samsung
Telecommunications America LLC, No. 24-cv-00242.

Patents in the same or related patent families and which name the same
inventor have been challenged in the following post-grant proceedings:

e U.S. Patent No. 9,768,842: Samsung Electronics Co., Ltd. v.
GenghisComm Holdings, LLC, IPR2025-00780.

e U.S. Patent No. 10,200,227: U.S. Reexamination Control No.
90/019,411; Samsung Electronics Co., Ltd. v. GenghisComm Holdings,
LLC, IPR2025-0078]1.

e U.S. Patent No. 10,389,568: Samsung Electronics Co., Ltd. v.
GenghisComm Holdings, LLC, IPR2025-00788.

e U.S. Patent No. 11,075,786: Samsung Electronics Co., Ltd. v.
GenghisComm Holdings, LLC, 1PR2025-00789; Petitioner also
anticipates filing a request for reexamination as to this patent to raise
grounds that cannot be raised in this proceeding.

e U.S. Patent No. 11,223,508: Samsung Electronics Co., Ltd. v.
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GenghisComm Holdings, LLC, IPR2025-00790; Petitioner also
anticipates filing a request for reexamination as to this patent to raise
grounds that cannot be raised in this proceeding.

e U.S. Patent No. 11,252,005: U.S. Reexamination Control No.
90/019,847; Samsung Electronics Co., Ltd. v. GenghisComm Holdings,
LLC, TPR2025-00791.

e U.S. Patent No. 11,381,285: Samsung Electronics Co., Ltd. v.
GenghisComm Holdings, LLC, 1PR2025-00792; Petitioner also
anticipates filing a request for reexamination as to this patent to raise
grounds that cannot be raised in this proceeding.

A patent with similar subject matter and common inventorship and alleged
ownership as the 792 Patent—i.e., U.S. Patent No. 11,431,386—is asserted in
GenghisComm Holdings, LLC v. Samsung Electronics America, Inc., No. 2:24-cv-

901-RWS-RSP (E.D. Tex.).
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C. Lead and Back-Up Counsel

Petitioner designates the following lead and back-up counsel:

Lead Counsel

Back-Up Counsel

Andrew R. Sommer (Reg. No. 53,932)
Greenberg Traurig, LLP

1750 Tysons Boulevard, Suite 1000
McLean, VA 22102

Telephone: 703-749-1370

Facsimile: 703-749-1301
SommerA@gtlaw.com

Bryan K. Hanks (Reg. No. 52,991)
Greenberg Traurig, LLP

222 S. Main St. #1730

Salt Lake City, UT 84101
Telephone: 801-478-6900
Bryan.Hanks@gtlaw.com

Back-Up Counsel

Back-Up Counsel

Trenton A. Ward (Reg. No. 59,157)
Greenberg Traurig, LLP

Terminus 200

333 Piedmont Road NE, Suite 2500
Atlanta, GA 30305

Telephone: 678-553-2470
Facsimile: 678-553-2212

Trenton. Ward@gtlaw.com

Elana B. Araj (Reg. No. 75,804)
Greenberg Traurig, LLP

One Vanderbilt Avenue

New York, NY 10017
Telephone: 212-801-6566

Fax: 212-801-6400
Elana.Araj@gtlaw.com

Back-Up Counsel

Back-Up Counsel

Jared Lee (Reg. No. 72,786)
Greenberg Traurig, LLP
222 S. Main St. #1730

Salt Lake City, UT 84101
Telephone: 801-478-6900
Jared.Lee@gtlaw.com

Stephen M. Ullmer (pro hav vice to be
filed)

Greenberg Traurig, LLP

0260 SW Greenburg Road

Suite 400

Portland, OR 97223

Tel: 303-572-6579
ullmers@gtlaw.com

D. Service

Petitioner consents to service by email on the following email address:

GT-Genghiscomm-IPR@gtlaw.com

XII. FEES
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The required fee is being paid electronically through P-TACTS.

Dated: April 10, 2025 Respectfully Submitted,

/Andrew R. Sommer/

Andrew R. Sommer
Reg. No. 53,932
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CERTIFICATE OF COMPLIANCE

This petition complies with the word count limits set forth in 37 C.F.R. §
42.24(a)(1), effective May 2, 2016, because this Petition contains 13,986 words,
excluding the parts of the petition exempted by 37 C.F.R. § 42.24(a), as determined
using the word count provided by Microsoft Word, which was used to prepare this

Petition.

Dated: April 10, 2025 Respectfully Submitted,

/Andrew R. Sommer/

Andrew R. Sommer
Reg. No. 53,932
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CERTIFICATE OF SERVICE

Pursuant to 37 C.F.R. §§ 42.6(e) and 42.105(a), the undersigned certifies that
on April 10, 2025, I caused a true and correct copy of PETITION FOR INTER
PARTES REVIEW OF U.S. PATENT NO. 11,424,792, PETITIONER’S
POWER OF ATTORNEY BY SAMSUNG ELECTRONICS CO., LTD.,
PETITIONER’S POWER OF ATTORNEY BY SAMSUNG
ELECTRONICS AMERICA, INC., AND EXHIBIT NOS. 1001-1004, 1006-
1016, 1019, 1023, 1031, 1034, 1039, 1042, 1046, 1047, 1049, 1059-1065, 1068-
1069, 1087, 1089-1095, 1097-1098, AND 1100-1103 by EXPRESS MAIL on the
Patent Owner at the correspondence address of record for U.S. Patent No.
11,424,792 as follows:

Mr. Steven J Shattil
P.O. Box 17355
Boulder, CO 80308-0355
UNITED STATES
I further certify that a courtesy copy of the above-identified materials were

served on litigation counsel by electronic means upon the foregoing individuals:

Alison Richards, Esq. — arichards@giplg.com; kfrisby@giplg.com

/Andrew R. Sommer/

Andrew R. Sommer
Reg. No. 53,932
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