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I. INTRODUCTION

General Motors LLC, Nissan North America, Inc., Tesla, Inc., and
American Honda Motor Co., Inc. (collectively “Petitioner’) requests inter partes
review of claims 1-30 of U.S. Patent No. 10,965,512 to Li et al. (“the *512
patent”), titled “Method and apparatus using cell-specific and common pilot
subcarriers in multi-carrier, multi cell wireless communication networks.”

The ’512 patent claims techniques for communicating two types of pilot
signals within wireless systems. The ’512 patent admits it was known to use pilot
signals to perform “many important system functions.” EX1001, 1:36-43. The
’512 patent’s only purported advancement was to use two types of pilot signals to
perform such system functions. E.g., id.,3:10-36. But the claimed features were
well-known and disclosed in various patents and industry publications prior to the
earliest possible priority date of the 512 patent. This Petition demonstrates each
challenged claim is not patentable based on a small subset of these patents and

publications, and is supported by a Declaration from Dr. Matthew C. Valenti.!

! Petitioner retained Matthew C. Valenti, Ph.D. in this proceeding. See EX1035. Dr.
Valenti has adopted the opinions set forth in EX1003, declaration of Dr. Paul Min,
Ph.D., submitted in [PR2022-01539, as his own. EX1035, §18. While Petitioner is not

relying directly on Dr. Min’s declaration in this Petition, for expediency this Petition
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See EX1035, Valenti Declaration.

The primary references presented herein include International Patent
Publication No. W02004/049618 to Kim et al. (“Kim™), which discloses
orthogonal frequency division multiple access (OFDMA) downlink signals that
include a “[pilot] pattern in common for each cell,” and a different pilot pattern
that is “different for each cell.” EX1004, Kim, 6:23-7:10, 24:20-25:5. The prior
art presented herein further includes U.S. Patent Application Pub. No.
2004/0179627 to Ketchum et al. (“Ketchum”), which discloses cellular downlink
signals that include “various types of pilot[s].” EX1006, Ketchum,11-13.

Kim and Ketchum used in various combinations teach the limitations in the
challenged claims of the 512 patent. Unfortunately however, neither Kim nor
Ketchum—mnor any of the other prior-art references relied on herein—were
previously before the Office. If they had been, the *512 patent would not have

been allowed. Accordingly, the Board should institute this proceeding and find

claims 1- 30 of the ’512 patent unpatentable.

II. MANDATORY NOTICES
A. Real Party-In-Interest Under 37 C.F.R. § 42.8(b)(1)

General Motors LLC, Nissan North America, Inc., Tesla, Inc., and

American Honda Motor Co., Inc., collectively “Petitioners,” along with General

cites only to Dr. Min’s declaration. EX1003 (IPR2022-01539).
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Motors Company and LG Electronics, Inc. (as to General Motors LLC), Nissan
Motor Acceptance Corporation a/k/a Nissan Motor Acceptance Company LLC,
Quectel Wireless Solutions Co. Ltd., and Honda Development & Manufacturing

of America, LLC are the real parties-in-interest.

B. Related Matters Under 37 C.F.R. § 42.8(b)(2)

The 512 patent is the subject of the following civil actions: Neo Wireless,
LLC v. Ford Motor Company, Case No. 4-22-cv-00210 (W.D. Mo.), filed March
29, 2022; Neo Wireless, LLC v. Nissan North America Inc. et al., Case No. 3-22-
cv-00220 (M.D. Tenn.), filed March 29, 2022; Neo Wireless, LLC v. American
Honda Motor Co., Inc. et al., Case No. 2-22-cv-01824 (S.D. Ohio), filed March
29, 2022; Neo Wireless LLC v. Tesla, Inc., Case No. 2- 22-cv-00095 (E.D. Tex.),
filed March 29, 2022; Neo Wireless LLC v. General Motors Company et al., Case
No. 2-22-¢v-00094 (E.D. Tex.), filed March 29, 2022; Neo Wireless LLC v.
Toyota Motor North America, Inc. et al., Case No. 2- 22-cv-00093 (E.D. Tex.),
filed March 29, 2022; Neo Wireless, LLC v. Volkswagen Group of America, Inc.
et al. (TV2), Case No. 1-22-cv-00076 (E.D. Tenn.), filed March 29, 2022; Neo
Wireless, LLC v. Volkswagen Group of America, Inc. et al., Case No. 2-22-cv-
11404 (E.D. Mich.), filed June 28, 2022; Neo Wireless LLC v. Toyota Motor
North America, Inc. et al., Case No. 2-22-cv-11406 (E.D. Mich.), filed June 28,
2022; Neo Wireless LLC v. General Motors Company et al., Case No. 2-22-cv-

11407 (E.D. Mich.), filed June 28, 2022; Neo Wireless LLC v. Tesla, Inc., Case
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No. 2-22-¢v-11408 (E.D. Mich.), filed June 28, 2022; Neo Wireless, LLC v.
Nissan North America Inc. et al., Case No. 2-22-cv-11405 (E.D. Mich.), filed
June 29, 2022; Neo Wireless, LLC v. American Honda Motor Co., Inc. et al.,
Case No. 2-22-cv-11403 (E.D. Mich.), filed June 27, 2022; Neo Wireless, LLC v.
Ford Motor Company, Case No. 2-22-cv-11402 (E.D. Mich.), filed June 27, 2022;
In re: Neo Wireless, LLC Patent Litigation, Case No. 2-22-md-03034 (E.D.
Mich.), filed June 23, 2022; Neo Wireless, LLC v. Mercedes-Benz USA, LLC,
Case No. 3-22-cv-00780 (M.D. Fla.), filed July 15, 2022; Neo Wireless, LLC v.
Mercedes-Benz USA, LLC, Case No. 2-22-cv-11769 (E.D. Mich.), filed August
2,2022; Neo Wireless, LLC v. FCA US LLC, Case No. 3-22-cv-01252 (N.D.
Ohio), filed July 15, 2022; and Neo Wireless, LLC v. FCA US LLC, Case No. 2-
22-cv- 11770 (E.D. Mich.), filed August 2, 2022.

Volkswagen Group of America, Inc. filed an IPR Petition (IPR2022-01539)
against the ’512 patent that resulted in institution of [PR via an Institution
Decision dated May 2, 2023. Petitioner is concurrently filing a motion to join
IPR2022-01539. Ford Motor Company filed an IPR Petition (IPR2023-00764)
against the *512 patent on March 28, 2023, which is awaiting a decision on
institution. Mercedes-Benz USA, LLC filed an IPR Petition (IPR2023-00079)

against the ’512 patent on October 19, 2022 that resulted in institution of IPR and

joinder with IPR2022-01539 on May 5, 2023.
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C. Lead And Back-Up Counsel Under 37 C.F.R. § 42.8(b)(3)

Petitioner provides the following designation of counsel.

Lead Counsel Backup counsel

Usman A. Khan, Reg. No. 70,439
John T. Johnson, Reg. No. 37,363
Jeffrey C. Mok, Reg. No. 69,878

Fish & Richardson P.C.

60 South Sixth Street, Suite 3200
Minneapolis, MN 55402

Timothy W. Riffe, Reg. No. 43,881
Fish & Richardson P.C.

60 South Sixth Street, Suite 3200
Minneapolis, MN 55402

Tel: 202-783-5070

Fax: 877-769-7945

Tel: 202-783-5070
Fax: 877-769-7945
PTABInbound@fr.com

Email:IPR18768-02061P1@fr.com

Reginald J. Hill, Reg. No. 39,225
Nicole A. Keenan, Reg. No. 48,622
JENNER & BLOCK LLP

353 N. Clark Street

Chicago, IL 60654

Phone: (312) 923-2606

Fax: (312) 527-0484
rhill@jenner.com
nkeenan(@jenner.com

D. Service Information

Please address all correspondence and service to the address listed above.

Petitioner consents to electronic service by email at [PR18768-02061P1@fr.com

(referencing No. 18768-0206IP1 and cc’ing PTABInbound@ft.com, rhill@jenner.com,

and nkeenan@)jenner.com).

E. PAYMENT OF FEES

Petitioner authorizes the PTO to charge Deposit Account No. 06-1050 for the fee

set forth in 37 C.F.R. § 42.15(a) for this Petition and further authorizes payment for
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any additional fees to be charged to this Deposit Account.

III. GROUNDS FOR STANDING

Under 37 C.F.R. § 42.104(a), Petitioner and undersigned certify that the 512
patent is available for IPR. Petitioner is not barred or estopped from requesting IPR on

the grounds herein.

IV. IDENTIFICATION OF CHALLENGE (37 C.F.R. §42.104(B))
A. Citation of Prior Art

The ’512 patent’s earliest possible priority date is January 29, 2004.
EX1001, (60). Without conceding this is correct, all references relied upon
herein are prior art as of January 29, 2004.

Kim (EX1004) was filed November 29, 2002 and published June 10, 2004.
Kim designated the United States, and was published in English. EX1004, (26),
(81). Therefore, Kim is prior art at least under 35 U.S.C. §102(e).

U.S. Patent No. 7,120,395 to Tong et al. (EX1005) was filed October 20,
2003 and issued October 10, 2006. Therefore, Tong is prior art at least under 35
U.S.C. §102(e).

Ketchum (EX1006) was filed June 30, 2003 and published September 16,
2004. Therefore, Ketchum is prior art at least under 35 U.S.C. §102(e).

U.S. Patent Application Pub. No. 2002/0163879 to Li et al. (EX1007)
published November 7, 2002. Therefore, Li is prior art at least under 35 U.S.C.

§102(b).
-6 -
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U.S. Patent Application Pub. No. 2004/0131007 to Smee et al. (EX1017)

was filed February 7, 2003 and published July 8, 2004. Therefore, Smee is prior

art at least under 35 U.S.C. §102(e).

B. Statutory Grounds for the Challenge

Ground | Basis | Claims References
1. §103 | 1-30 Kim in view of Tong
2. §103 | 1,3,4,6-8,10, 11, 13-15, | Ketchum in view of Li
17, 18, 20, 22, 23, 25, 26,
28, and 30
3. §103 |5,12,21,and 29 Ketchum in view of Li and further
in view of Smee

V. TECHNOLOGY OVERVIEW

The ’512 patent describes systems and techniques for communicating pilot

signals of different types between base and mobile stations. EX1001, Abstract. The

claims of the *512 patent recite these systems and techniques in terms of four

general concepts: (i) the system is an orthogonal frequency division multiple access

(OFDMA) system; (ii) base stations communicate various pilots signals to mobile

stations; (ii1) mobile stations use the pilot signals for channel estimation and to

recover transmitted data; and (iv) base stations transmit signals using beamforming.

But these concepts and combinations were well-known before the *512 patent’s

earliest possible priority date. EX1003, 4446-63.

A.  OFDMA Systems Were Well Known

Dr. Min explains that OFDMA systems were well-known prior the *512
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patent. Id. §947-55. Indeed, orthogonal frequency-division multiplexing (OFDM)
and its “logical extension,” OFDMA, have long been known in the art, including in
cellular systems. EX1015, Anderson, 307; see also EX1003, 947.

“The basic principle of OFDM [] is to split a high-rate data stream into a
number of lower rate streams that are transmitted simultaneously over a number of
subcarriers.” EX1021, Hara, 43. The “frequency response of each sub-carrier is
designed to be orthogonal to that of each other sub-carrier in order to allow data
modulated to each sub-carrier to be independently recovered at a receiver.”

EX1003, q948-53; EX1014, 10:15-19. OFDMA is a “variation” or “logical
extension” of OFDM, in which “multiple-access is realized by providing each user

with a fraction of the available number of subcarriers.” EX1023, Van Nee, 213;

EX1015, Anderson, 307; EX1003, 9954-55.

B. Communicating Various Pilots Signals Between Base Stations and
Mobile Stations Was Well-Known

Dr. Min also explains that the use of pilots signals was well-known prior to
the earliest possible priority date of the *512 patent. /d.,§956-60. Pilot signals are
signals that have a “value known to the receiver,” and “enable the receiver to
perform various functions,” such as “channel estimation, timing and frequency
acquisition, data demodulation, and so on.” EX1008, Ma, 2:1-14; EX1007, Li, 928;
EX1006, 98.

Dr. Min also explains that it was well-known that OFDM/OFDMA systems
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implement multiple types of pilots that could be used, for instance, for different
functions. EX1003, 961. As described in more detail below, Ketchum discloses an
OFDM multiple-access system that implements “various types of pilot.” EX1006,
Abstract. Further, Kim discloses an OFDMA cellular system that implements two

types of pilot signals—a “[pilot] pattern in common for each cell,” and a separate

pilot pattern that is “different for each cell.” EX1004, 6:23-7:10, 24:20-25:5.

C. OFDM/OFDMA Cellular Systems Implemented Pilot Symbols for
Channel Estimation and Data Recovery

Dr. Min explains the well-known role of pilot signals in performing channel
estimation for recovering data at the receiver. EX1003, 4956-60; EX1025,
Krishnan, 1:52-61. Specifically, receivers use pilot signals to determine “[a]n
accurate estimate of the response” of the communication channel (e.g., air or
space). EX1025, 1:52-61; EX1024, Bahai, 15, 117-118; EX1003, 4956-57. “Since
the pilot is made up of symbols that are known a priori by the receiver, the channel
response can be estimated as the ratio of the received pilot symbol over the
transmitted pilot symbol for each [subcarrier] used for pilot transmission.”
EX1025, 1:55-61. The receiver then uses the channel estimate “to acquire the

original [data]” provided by the base station. EX1024, 118; EX1003, 9958-60.

D. Beamforming Was Well-Known

Dr. Min further explains that beamforming was well-known prior to the

earliest possible priority date of the *512 patent. EX1003, 462-63. It was also well-
-9.
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known for cellular systems to communicate OFDM downlink signals (including
pilot signals) using beamforming. /d. Beamforming is a communication technique

in which electromagnetic waves transmitted by multiple antennas are “focused in a

desired direction” to form a “beam.” EX1026, Casas, 1:20-24.

VI. THE ’512 PATENT
A.  Summary of the 512 Patent

The *512 patent is directed to a “multi-carrier cellular wireless network [that]
employs base stations [] that transmit two different groups of pilot subcarriers”—
“cell-specific pilot subcarriers, which are used by a receiver to extract information
unique to each individual cell,” and “common pilots subcarriers, which are designed
to possess a set of characteristics common to all the base stations [] of the system.”
EX1001, Abstract; EX1003, 9941-45. As shown in Figure 5, base stations within
the system insert cell-specific pilots, common pilots, and data signals at appropriate

subcarrier frequencies in a downlink signal. EX1001, 3:55-59, 5:34-48.
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FIG. 5

EX1001, FIG. 5 (annotated).

The “cell-specific pilot subcarriers can be used in channel estimation.”

1d.,3:17-23. The “common pilot subcarriers” can be used for “frequency offset

estimation and timing estimation,” as well as to recover “data information common

to all cells 1n the network.” Id.

,5:65-67, 8:65-9:5. To recover this data, mobile

stations perform channel estimation using the common pilot subcarrier “to

compensate for the channel effect” between the base station and mobile station.

1d.,9:1-5.
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EXI1001, FIG. 13 (excerpt).

B.  Prosecution History Summary

The application that issued as the ’512 patent received a first-action-
allowance at the USPTO. EX1002, ’°512 Patent Prosecution History, 162-171. The
Examiner stated that the “closest prior art of record” included U.S. Patent No.
7,650,152 to Li ef al. (EX1018, Li ’152) and U.S. Patent Pub. No. 2004/0190598
to Seki et al. (EX1019, Seki). Id.,167-168. But, as explained below, the claimed
concepts existed well before the earliest possible priority date of the *512 patent.
Had any of the aforementioned references been before the examiner during

prosecution, the ’512 patent should not have been allowed.

C. Level of Ordinary SKkill in the Art

A person of ordinary skill in the art (“POSA”) would have a bachelor’s

degree in electrical engineering, computer engineering, computer science, or an
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equivalent field, or an advanced degree in those fields, as well as least 3-5 years of

academic or industry experience in mobile wireless communications, or

comparable industry experience. EX1003, 965.

D. Claim Construction

In an inter partes review, claims are “construed using the same claim
construction standard that would be used to construe the claim in a civil action
under 35 U.S.C. 282(b).” 37 C.F.R. §42.100 (b). All claim terms must be given their
ordinary and customary meaning as understood by a POSA at the time of the
invention, in light of the specification and the prosecution history of the patent. /d.
Solely for the purposes of this Petition, Petitioner submits that all claim terms
should receive their plain and ordinary meaning in the context of the *512 patent

specification.? EX1003, §66.

VII. OVERVIEW OF THE APPLIED REFERENCES
A. Kim

Kim describes an “OFDMA-based cellular system” including base stations
that provide downlink signals to mobile terminals. EX1004, Abstract, 1:15-17;
EX1003, 9967-75. As shown in Figure 1, the downlink signal includes “traffic slots”

20 that include pilot symbols 200 inserted on a particular subcarrier (y-axis) for a

2 Petitioner reserves the right to challenge the validity of the claims under 35 U.S.C.

§112 in other proceedings and forums.
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particular timeslot (x-axis). EX1004, 1:14-21, 11:15-12:10. The traffic slots also

include “traffic data.” Id.,46:2-16.

- » »
%4 % 5 =
T e Nl
i g i
' Ig == |

i FTT

Traffic data

. ,rhiﬂ .
i Pilot
' 'symbols 200

frequency

EX1004, FIG. | (annotated).

Kim’s pilots are implemented as a “combination of Q [pilot] patterns,”
including at least one pilot pattern specific to the cell and at least one pilot pattern
“used in common by all the cells.” 1d.,24:2-11, 24:20-25:5. Figure 10 shows three
example pilot patterns, represented as Py s (i), where g represents the respective
pilot pattern. /d.,24:20-25:5. The purple symbols represent pilot pattern 0, the blue
symbols represent pilot pattern 1, and the green symbols represent pilot pattern Q-1
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(the pilot pattern number ¢ for these patterns is underlined in red). In such OFDM
symbols, at least one of the pilot patterns (e.g., pattern 0, highlighted purple)
represents one of the Q; common pilot patterns and at least one of the pilot patterns
(e.g., patterns 1 and Q-1, highlighted blue and green respectively) represents one of

the Q2 cell-specific pilot patterns that are specific to the particular cell associated

with the base station. EX1003, 73.

EX1004, FIG. 10 (excerpt, annotated).

Kim’s base station provides the downlink signal on “each transmit antenna.”
EX1004, 54:8-10. A mobile terminal receives the downlink signal, and uses the
common pattern pilots for “slot synchronization,” and uses the cell-specific pattern

pilots “to search the cells.” 1d.,25:20-22, 26:3-7, 27:10-28:13.
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B. Ketchum

Ketchum discloses a multiple-access wireless MIMO system that implements
pilots of “different types” that “support various functions that may be needed for
proper system operation, such as timing and frequency acquisition, channel
estimation, calibration, and so on.” EX1006, Abstract, §11; EX1003, 4976-79. “The

various types of pilot” are shown in Table 1, below. EX1006, q12.
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TABLE 1

Pilot Types

Pilot Type Description

Beacon Pilot A pilot transmitted from all transmit antennas and used for
timing and frequency acquisition.

MIMO Pilot A pilot transmitted from all transmit antennas with different
orthogonal codes and used for channel estimation.

Steered A pilot transmitted on specific eigenmodes of a MIMO

Reference or channel for a specific user terminal and used for channel

Steered Pilot estimation and possibly rate control.

Carrier Pilot A pilot used for phase tracking of a carrier signal.

EX1006, Table 1.

Ketchum discloses base stations that provide the various pilots along with
data to mobile terminals in OFDM symbols. /d.,q933, 35. As an example, Ketchum
discloses that its beacon pilots can be provided on “a set of 12 BPSK modulation
symbols for 12 specific subbands.” 1d.,§39. Further, the steered reference pilot can
be provided on a set of “52 QPSK modulation symbols.” Id.,947.

User terminals use the beacon pilots to determine “system timing and
frequency acquisition.” /d.,§941, 42. The terminals use the steered reference pilot
“for channel estimation.” /d.,§12. The terminals then use the channel estimate “to

recover the transmitted data.” Id. 99 7-8.

C. Tong

Tong also discloses a wireless communication system that “transmit[s]

multiple streams of data to a given user” element using beam-forming. EX1005,
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Tong, Abstract, 8:50-66, 11:60-12:4; EX1003, 4980-82. The streams of data include

pilot signals, which the receiver uses “for channel estimation,” and to “recover the

originally transmitted data.” EX1005, 6:35-58.

D. Li

Li discloses a cellular system that implements “OFDMA.” EX1007, q19;
EX1003, 983. Li’s system includes base stations that “broadcast[] pilot OFDM
symbols” for various system functions, such as “time and frequency
synchronization, channel estimation and signal-to-interference/noise (SINR) ratio
measurement for cluster allocation.” EX1007, 428. “The pilot symbols may be

different for different cells (or sectors).” Id.,q28.

E. Smee

Smee discloses “[p]ilot transmission schemes suitable for use in wireless
multi-carrier (e.g., OFDM) communication systems.” EX1017, Abstract; EX1003,
9984-85. The pilot transmission schemes utilize “frequency orthogonality” by
causing different base stations to transmit pilots “on disjoint sets of subbands”

(subcarriers). EX1017, 910; see also 9939, 46.

VIII. GROUNDS OF UNPATENTABILITY

Claims 1-30 are unpatentable for at least the reasons set forth below. EX1003,

1986-261.
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A. Ground 1: The combination of Kim and Tong renders obvious claims
1-30.

1. A POSA would have been motivated to combine Kim and Tong

a) A POSA would have been motivated to implement
beamforming in Kim’s base station, as taught by Tong.

A POSA would have been motivated to implement beamforming, as taught
by Tong, in Kim’s system. EX1003, 4487-93. Kim seeks to improve signal quality
of its “downlink signal” that is transmitted using “at least one transmit antenna.”
EX1004, 29:16-18, 32:3-15, 34:12-17, 45:21-46:16; EX1003, 987. But Kim does
not disclose how its multiple antennas could be used to improve signal quality—a
well-known characteristic that had been a motivating force for cellular system
designers for years before the 512 patent. EX1003, 487. A POSA would have thus
sought references that taught efficient multi-antenna transmission techniques. /d.
Tong is such a reference.

Like Kim, Tong teaches a cellular system that uses OFDM communication
techniques to transmit pilot signals from a base station to mobile terminals using
multiple antennas. EX1004, 29:16-18, 45:21-46:16; EX1005, 4:49-55, 5:64-8:7,
8:61-9:4. Tong explains that implementing beamforming to transmit signals from
the base station to the mobile terminals is beneficial to “provide additional gain,”
to “increase the signal-to-noise ratio at a receiver,” and to “improve[e] the system
capacity,” as well as to “optimize channel capacity, signal-to-noise ratios, or a

combination thereof.” 1d.,8:50-9:4, 11:23-28, 11:60-12:6. Tong’s beamforming
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techniques are implemented “in an efficient manner.” /d.,1:62-67.

A POSA would have understood that such benefits could be achieved by
implementing beamforming in Kim’s system. EX1003, q988-91. A POSA would
have thus been motivated to implement such techniques in Kim’s system, such
that Kim’s “plurality of transmit antennas” would be implemented to provide
beam- forming for at least some subcarriers of the first plurality of subcarriers or
the second plurality of subcarriers of the downlink signal. /d.

A POSA would have been further motivated to combine Kim and Tong
because both are in the field of cellular communications, and address the same
problem—efficient communications between base stations and mobile terminals.
EX1003, 992. A POSA would have had a reasonable expectation of success in
implementing beamforming because it was a well-known technique commonly
used in wireless communication systems for well over a decade prior to the
priority date of the *512 patent. /d.,9992-93. Kim’s base station already
implements multiple antennas to transmit its downlink signal. E.g., EX1004,
29:16-18, 30:14-16. Implementation of beamforming in Kim’s base station would
not require additional hardware other than implementing well-known
mathematical algorithms related to beamforming leveraging the Q1 pilot pattern.
EX1003, 992. Tong also discloses that its beam-forming techniques are

“beneficial in OFDM environments,” such as Kim’s. EX1005, 14:24-25.

Further, as evident from the above discussion, a POSA could have
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combined the system of Kim with the teachings of Tong by known methods, and
the results of the combination would have been predictable to a POSA. EX1003,
993. Indeed, a POSA would have readily understood how to adapt Kim’s transmit
antennas 2102 so that the base station implements beamforming, such as by
implementing the antennas as arrays (e.g., leveraging Kim’s transmit antennas)
whose transmissions combine “in a constructive fashion.” EX1005, 8:50-66.
Thus, a POSA would have understood that implementing beam-forming in Kim’s
system would merely amount to the use of known technique to improve similar
devices in the same way. EX1003, 9992-93.
b) A POSA would have been motivated to use Kim’s pilots

for channel estimation, and to recover the transmitted data, as
taught by Tong.

A POSA would have also been motivated to combine Kim and Tong so that
Kim’s mobile terminals use the Q; pilot pattern for channel estimation and to
recover the data provided in Kim’s downlink signal traffic slots. EX1004, 12:6-10;
EX1005, 6:2-58; EX1003, 9994-101.

Kim’s “OFDMA-based cellular system” includes a terminal configured to
receive and recover “traffic data” on a downlink signal from a base station.
EX1004, 1:23-2:3. As Dr. Min explains, in cellular systems, the “channel
response” causes the downlink signal to undergo variations in phase and
amplitude caused during propagation of the signal along the channel between the
base station and terminal. EX1003, 9957, 95; see also EX1008, 2:1-4; EX1024,
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117-118. Such cellular systems commonly determined estimates of the channel
response (channel estimation) to “compensate for the channel degradation” of the
channel and accurately recover the “traffic data” on the downlink signal.
EX1003, 9958-60, 95; EX1008, 2:4-7; EX1024, 117-118; EX1025, 1:52-61.

However, Kim does not explicitly disclose techniques for performing this
channel estimation. Therefore, a POSA would have sought references that taught
specific techniques for estimating channel responses of cellular systems such as
Kim’s. EX1003, 9996. Tong is such a reference. /d.,q996-97.

Tong’s user element 16 includes a “channel estimation function 86 that
“use[s] [] pilot signals for channel estimation.” EX1005, 6:2-5, FIG. 5.
Specifically, the channel estimation function “provide[s] sufficient channel
response information to allow the STC decoder 88 to decode the symbols.”
1d.,6:33-42. The user element “recover[s] the originally transmitted data 104”
based on the channel estimate. /d.,6:35-39, 6:43-58.

A POSA would have understood that Tong’s techniques would be
beneficial in Kim’s system to estimate the channel for accurate data recovery.
EX1003, 998. As Dr. Min explains, cellular systems commonly implemented
pilot signals for channel estimation. /d. Thus, a POSA would have sought to
enable Kim’s terminal to use the received common pilot signals (Q1 pilot

pattern) for estimating the channel to recover the traffic data provided on the

downlink signal. /d.,999. The Kim-Tong mobile terminals would implement a
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“receive path” including a “channel estimation function,” for data recovery, such
as taught by Tong. EX1005, 6:33-58, FIG. 5. This would enable Kim’s terminal
to estimate the channel response so that the terminal can accurately recover the
traffic data. EX1003, q100.
And a POSA would have had a reasonable expectation of success in
implementing such well-known features by known methods, and the results of
the combination would have been predictable to a POSA. 1d.,q101. Indeed, a
POSA would have understood that such techniques would be a natural and
logical use of Kim’s downlink pilot signals. /d. Thus, a POSA would have not
encountered any unreasonable technical hurdles in implementing such
modifications. /d. Accordingly, a POSA would have understood that such
modifications would merely amount to the use of a known technique (pilot-aided
channel estimation for data recovery) to improve similar devices (Kim’s

terminals) in the same way (accurate data recovery based on known channel

degradation). Id.; KSR Int’l Co. v. Teleflex Inc., 550 U.S. 398 at 419-421.

2. Independent Claim 1.

a) [1.P]: An orthogonal frequency division multiple access
(OFDMA)-compatible base station that uses subcarriers in a
frequency domain and time slots in a time domain, the
OFDMA-compatible base station comprising:

To the extent limiting, Kim discloses the preamble. EX1003, §9103-105.

Kim discloses a “base station of an OFDMA-based mobile communication
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system.” EX1004, 45:21-46:1; see also 1:23-25. Kim’s base station uses
subcarriers in a frequency domain and time slots in a time domain within the
OFDMA-based mobile communication system. EX1003, 99104-105. As shown
in Figure 1, Kim’s base station transmits a “downlink signal” that “includes pilot
symbol[s 200] given with respect to the time axis and the frequency axis.”
EX1004, 11:18-21, 12:6-8; see also Abstract. “The pilot symbol 200 is inserted
per group of Nf subcarriers with respect to the frequency axis and per group of
Nt symbols with respect to the time axis.” Id.,12:8-10; see also 24:2-25:5. A
POSA would have understood that each cell in the traffic slot 20 shown in Figure

1 represents a time slot on the time axis and a subcarrier on the frequency axis.

EX1003, 9952-53, 105.
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b) [1.1] a plurality of antennas; and a
transmitter operably coupled to the plurality of antennas;

Kim’s base station includes ““a plurality of transmit antennas” 2102.
EX1004, 30:11-21. The transmit antennas are each coupled to an OFDM
transmitter 2101, and to a downlink signal configuring device 2100. /d.,46:2-16.

A POSA would have understood that the transmit antennas 2102 (shown inred
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below) are the claimed plurality of antennas, and the downlink signal configuring

device 2100 and OFDM transmitters 2102 (purple below) are the claimed

transmitter. EX1003, q106.
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EX1004, FIG. 21 (annotated).

) [1.2] the transmitter configured to: insert first pilots of a
first type onto a first plurality of subcarriers, wherein the first
pilots are cell-specific pilots; and
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Kim’s downlink signal configuring device 2100 inserts pilot symbols into
the downlink signal “for each group of Nrsubcarriers.” EX1004, 24:2-11. The
pilots include a first pilot pattern in common for each cell and a second pilot
pattern that is “different for each cell.” Id.,6:23-7:11, 24:20-25:5, 48:22-49:4. Kim
explains that its overall pilot pattern is configured to include “Q patterns.”
1d.,24:20-25:5. “Q patterns from among the Q patterns are used in common by all
the cells, and residual Q2 (= Q-Q) patterns are defined to be different for the
respective cells.” Id. Each Qa pattern is “a specific pattern for each cell.” 1d.,26:3-7.
In such instance, the collective pilot pattern is given by P, (i), where g equals the
particular pilot pattern number from 0 to Q-1; s equals the symbol number; ¢ equals
the cell number; and i equals the i" pilot subcarrier. 1d.,24:2-11, 24:20- 25:5.
Figure 10, reproduced and annotated below, shows three example pilot
patterns. EX1003, 94107-108. The purple symbols represent pilot pattern 0, the
blue symbol represents pilot pattern 1, and the green symbols represent pilot

pattern Q-1 (the pilot pattern number ¢ is underlined in red). Id; EX1004, 24:20-

25:5,26:3-7.
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EX1004, FIG. 10 (excerpt, annotated).

Figure 10 depicts a time-frequency grid with the y-axis representing
frequency and the x-axis representing time. EX1004, 12:6-10, 24:2-8; EX1003,
9109. Each row represents a different subcarrier. /d. The symbols of each pilot
pattern are inserted onto different subcarriers. EX1004, 12:6-10. For instance, the
purple symbols of pilot pattern 0 are inserted onto a first group of subcarriers, and
the green symbols of pilot pattern Q-1 are inserted onto different subcarriers.
EX1003, 9109. As Dr. Min explains, patterns 1 and Q-1 represent different pilot
patterns that are each specific to the particular cell. /d.,§9109-110. A POSA would
have understood that one or more of the pilot patterns shown in Figure 10 (e.g.,
pilot pattern O (purple)) represents the Qi common pilot pattern, and one or more

other pilot patterns (e.g., pilot patterns 1 and Q-1 (blue and green)) represent the
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Q2 cell-specific pilot patterns. Id. Thus, the Q2 (residual) cell-specific pilot

patterns are inserted onto a first plurality of subcarriers. /d.
Thus, a POSA would have understood that Kim’s transmitter is configured
to insert first pilots of a first type onto a first plurality of subcarriers, wherein the

first pilots are cell-specific pilots. 1d..§107-111

d) [1.3] insert data and second pilots of a second type onto a
second plurality of subcarriers;

Kim’s transmitter inserts data onto a second plurality of subcarriers.
1d. q9112-113. As explained, Kim’s downlink signal includes pilot symbols (grey

cells in Figure 1) as well as “traffic data” (white cells in Figure 1). EX1004,

11:18-21, 46:11-16
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The transmitter “maps the [traffic] data according to the time, frequency,
and antenna, and outputs mapped results to the OFDM transmitter 2101 per
transmit antenna 2102.” 1d.,46:11-16. A POSA would have understood that the
transmitter inserts the traffic data onto a plurality of subcarriers within the traffic

slot that are not occupied by the pilot symbols (i.e., white cells in slot 20 in
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Figure 1). EX1003, 99112-113.

Kim’s transmitter also inserts second pilots of a second type onto a second
plurality of subcarriers. 1d,114-115. As explained for element [1.2], Kim’s
transmitter is configured to insert pilot signals onto subcarriers of the downlink
signal. The pilot signals include Q patterns wherein Q1 patterns “are used in
common by all the cells,” and Q2 (= Q-Q1) patterns are defined to be different
for the respective cells. Id. The Q1 patterns that are “used in common by all the
cells” are the claimed second pilots of a second type. 1d,§114. The different pilot
patterns are inserted onto different subcarriers in the traffic slots of the downlink
signal. /d,qY[114-115. For instance, in continuing with the example from element
[1.2], as shown in Figure 10, the pilot pattern 0 (purple) represents the Q1
common pilot pattern, and pilot patterns 1 and Q-1 (blue and green) represent the

Q2 cell-specific pilot patterns. Id. Thus, the Q1 common pilot patterns are

inserted onto a second plurality of subcarriers. 1d §114.
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The Q1 common pilot patterns, Q2 cell-specific pilot patterns, and traffic
data are inserted onto subcarriers of an OFDM symbol that are transmitted in a
same time slot. For instance the Qi and Q; pilots and traffic data are transmitted
in an OFDM symbol in a traffic slot 20, as shown in Figure 1 below. EX1003,
115; see also EX1004, 12:2-10. Kim explains that the pilot patterns shown in
Figure 10 are implemented in a downlink signal “having the same structure as
that of FIG. 1.” EX1004, 25:6-9. Thus, the claimed second plurality of
subcarriers comprises the subcarriers on which the Qi1 common pilot patterns are
inserted and also the subcarriers on which the traffic data is inserted—e.g., the
symbol highlighted below and including the white cells (traffic) and purple cells

(Q1 common pilot patterns). EX1003, q115.
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The Qi pilot patterns used in common by all the cells are a different type
of pilot from the Q: pilot patterns that are specific to each cell because the Q;
common patterns are used to “estimate slot synchronization” and the Q> specific
patterns are used “to search the cells.” EX1004, 25:3-5, 25:18-26:7; EX1003,
9116-118. Thus, the Q; and Q> pilot patterns are different types because they
represent different types of information and are designed and used for different

functions. 7d.

Therefore, a POSA would have understood that Kim’s transmitter is
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configured to insert data and second pilots of a second type onto a second
plurality of subcarriers. 1d. §9112-118.
e) [1.4] wherein at least some subcarriers of the first

plurality of subcarriers or the second plurality of subcarriers
are beam-formed; and

The combination of Kim and Tong renders obvious this element. /d. §9119-121.
As explained above, Kim’s base-station inserts the Qiand Q> pilot patterns onto the
first and second pluralities of subcarriers. However, Kim does not expressly disclose
that at least some of these subcarriers are beam-formed. But Tong discloses this
limitation.

Tong discloses a “wireless communication system” that allows a base station
“to select N antennas from an associated group of M antennas for transmitting
multiple streams of data to a given user.” EX1005, Abstract. The base station 14’s
transmit antennas can transmit the data and pilot signals via beam-forming by
“transmitting the same data simultaneously from multiple transmit antennas...to
allow the energy of the multiple transmitted signals to combine in the channel in a
constructive fashion to provide additional gain.” /d.,8:50-66. For instance, the
system shown in Figure 7A implements beam-forming such that “data transmitted
from transmit antennas 40 2 and 40 3 combine during transmission to effectively

reinforce each other and provide a stronger signal at the receiver.” Id.,11:60-12:4.
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A POSA would have been motivated to implement beamforming, as taught
by Tong, in Kim’s OFDMA-based cellular system with a reasonable expectation
of success for the reasons provided in §VIILLA.1. EX1003, 4121.
f) [1.5] the plurality of antennas configured to transmit the

first plurality of subcarriers and the second plurality of
subcarriers in at least one of the time slots;

As explained for element [1.P], Kim’s base station uses subcarriers in a
frequency domain and time slots in a time domain. Specifically, Kim’s transmit
antennas transmit the first plurality of subcarriers and the second plurality of
subcarriers in at least one of the time slots. For instance, as shown in Figure 1, the
traffic slot 20 maps traffic data (white cells) and pilot symbols (gray cells) to
different time slots on the time axis. EX1004 12:4-12 (the traffic slot 20 includes

symbols “given with respect to the time axis and the frequency axis”).
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A POSA would have understood that each cell in the traffic slot 20 shown
in Figure 1 represents a time slot on the time axis and a subcarrier on the
frequency axis. EX1003, §9122-124. The downlink signal configuring device
2100 “receives... pilot subcarrier group-transmit antenna mapping information...
and transmit traffic data,” and maps the data and pilots “according to the time,
frequency, and antenna, and outputs mapped results to the OFDM transmitter

2101 per transmit antenna 2102.” EX1004, 46:11-16.

As also explained for element [1.3], the first and second plurality of

subcarriers are implemented within a single OFDM symbol, and transmitted in a
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single time slot. This is shown in the below annotations of Figure 1. EX1003,
19125-126. Kim also explains that “the pilot pattern shown in Figure 10 is used

in common for all the antennas” and transmitted on all the antennas. EX1004,

31:10- 16; 58:12-14.
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EX1004, FIG. 1 (annotated).

2) [1.6] wherein the second type is different than the first
type and wherein the first pilots do not interfere with the
second pilots.

The Q1 pilot patterns (second type) are different than the Q> pilot patterns
(first type) because the Q1 pilot patterns are common to all the cells, and the Q>

pilot patterns are specific to each cell. EX1003, q9127-128. Further, as explained
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for element [1.3], the Q1 common patterns are used to “estimate slot
synchronization” and the Q2 cell-specific patterns are used “to search the cells.”
EX1004, 25:3-5, 25:18-26:7. Thus, the Q1 and Q2 pilot patterns are different
types because they represent different types of information and are designed and
used for different functions. EX1003, 4127.

A POSA would have understood that the Q1 common patterns do not
interfere with the Q2 cell-specific patterns because the respective patterns are
inserted on different, orthogonal subcarriers in the OFDM symbol. /d.,q128. As
Dr. Min explains, different subcarriers in an OFDM symbol do not interfere with

each other because they are spaced orthogonally, thereby creating signal nulls in

the adjacent subcarrier frequencies and preventing inter-carrier interference. /d.

3. Independent Claim 8

a) [8.P] A method performed by an orthogonal frequency
division multiple access (OFDMA)- compatible base station
that uses subcarriers in a frequency domain and time slots in
a time domain, the method comprising:

To the extent limiting, Kim teaches the preamble for the reasons provided
for element [1.P]. Indeed, as explained for claim 1 and below for claim 8, Kim’s
base station performs the claimed method. /d.,9130.
b) [8.1] inserting, by the OFDMA-compatible base station,

first pilots of a first type onto a first plurality of subcarriers,
wherein the first pilots are cell-specific pilots;

Kim teaches element [8.1] for the reasons provided for element [1.2].
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1d q131.

c) [8.2] inserting, by the OFDMA-compatible base station,
data and second pilots of a second type onto a second plurality
of subcarriers;

Kim teaches element [8.2] for the reasons provided for element [1.3].
1d. q132.

d) [8.3] wherein at least some subcarriers of the first
plurality of subcarriers or the second plurality of subcarriers
are beam-formed; and

Kim-Tong teaches element [8.3] for the reasons provided for element
[1.4]. Id. q133.

e) [8.4] transmitting, by the OFDMA-compatible base
station, the first plurality of subcarriers and the second
plurality of subcarriers in at least one of the time slots using a
plurality of antennas;

Kim teaches element [8.4] for the reasons provided for element [1.5].
1d. 9134.

f) [8.5] wherein the second type is different than the first
type and wherein the first pilots do not interfere with the
second pilots.

Kim teaches element [8.5] for the reasons provided for element [1.6].

1d.9135.
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4. Independent Claim 15

a) [15.P] An orthogonal frequency division multiple
access (OFDMA)-compatible mobile station that uses
subcarriers in a frequency domain and time slots in a time
domain, the OFDMA-compatible mobile station comprising:

To the extent limiting, Kim discloses the preamble. /d.,99137-138. Kim
discloses “an OFDMA-based mobile communication system” that includes a
“terminal” (i.e., mobile station) configured “to read signals of [the] base station.”
EX1004, 1:23-25, 45:21-46:1; see also Abstract, FIG. 20.

Kim’s terminal uses subcarriers in a frequency domain and time slots in a
time domain for the reasons provided above for element [1.P]. Indeed, Kim’s
terminal receives the OFDM symbols provided on the downlink by the base
station. /d.,38:23-39:4; see also 1:23-2:3 (the terminal “read[s] signals of a base
station and synchronize[s] its time and frequency with the terminal for initial
synchronization, and search[es] cells in a cellular system”); EX1003, q138.

b) [15.1] at least one antenna; and a receiver; and

Kim’s terminal includes “at least one receive antenna.” EX1004, 38:23-
39:4; see also 1:23-25, 45:9-16. Kim’s terminal also includes a receiver
comprising a synchronizer 2000 and that receives an “OFDM transmit signal.”
1d.,43:9-45:20; see also 14:14-16, 27:19-23. For instance, the synchronizer is
configured to perform slot synchronization using “a pattern of a pilot in common
for each cell,” and to perform cell searching using a pilot pattern “specific to

each cell.” 1d.,43:16-44:10; EX1003, 9139.
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EX1004, FIG. 20.

c) [15.2] the at least one antenna and the receiver are
configured to: receive first pilots of a first type on a first
plurality of subcarriers, wherein the first pilots are cell-
specific pilots; and

Kim’s at least one receive antenna and synchronizer receive the OFDM
downlink signal. EX1004, 11:15-17, 14:14-16, 38:23-39:4. The downlink signal
includes first pilots of a first type on a first plurality of subcarriers, wherein the
first pilots are cell-specific pilots for the reasons provided above for element [1.2].
A POSA would have understood that Kim’s terminal thus receives such cell-

specific pilots on the first plurality of subcarriers via the antennas and receiver.

See id.,38:23-39:4; EX1003, 140.
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d)  [15.3] receive second pilots of a second type and data
on a second plurality of subcarriers, wherein the first
plurality of subcarriers and the second plurality of
subcarriers are received in at least one of the time slots;

Kim’s at least one receive antenna and receiver receive the OFDM
downlink signal. E.g., EX1004, 11:15-17, 14:14-16, 38:23-39:4. The downlink
signal includes second pilots of a second type and data on a second plurality of
subcarriers for the reasons provided above for element [1.3]. A POSA would
have understood that Kim’s terminal thus receives such second pilots of a second
type and data on the second plurality of subcarriers via the antennas and
receiver. See id.,38:23-39:4. The first plurality of subcarriers and the second
plurality of subcarriers are received in at least one of the time slots for the
reasons provided above for elements [1.3] and [1.5]. EX1003, 4141.

e) [15.4] wherein at least some subcarriers of the first

plurality of subcarriers or the second plurality of
subcarriers are beam-formed; and

Kim-Tong teaches this element for the reasons provided for element [1.4].
1d. 9142.
f) [15.5] the receiver is further configured to: recover

the data using channel estimates from at least the second
pilots; and

As explained for element [1.3], Kim’s Qi patterns that are “used in common
by all the cells” are the claimed second pilots of a second type. Kim’s terminal is
configured to perform “slot synchronization” using the Qi pilots. EX1004, 24:20-

25:5. A POSA would have understood that the “slot synchronization” provides an
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estimate of the channel between the base station and mobile terminal. EX1003,
q143. As Dr. Min explains, once the slots are synchronized using the Qi pilots, the
receiver is able to determine the positions of the data symbols within the slots. /d.
These positions become the precise timing for the data symbols, which lead to
recovery of the data. /d.

To the extent Kim does not expressly disclose that the receiver is further
configured to: recover the data using channel estimates from at least the second
pilots, Tong discloses this limitation. EX1003, 99144-147.

Tong discloses a cellular system that includes a base station 14 that transmits

“downlink” signals to user elements 16 that are located within the cell 12

corresponding to the base station 14. EX1005, 3:19-31, 4:44-55, FIG. 1.

16
16

14<] BS

BSC
10

EX1005, FIG. 1 (excerpt).
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In the downlink signal, the base station 14 transmits to the user element 16
“data” and “pilot signals... known by the intended user element 16.” Id.,5:67-6:1,
see also 3:60-4:6. “The user element...use[s] the pilot signals for channel
estimation.” Id.,6:2-5. The user element uses the channel estimate “to recover the
originally transmitted data” in the downlink signal. /d.,6:53-58.

To implement channel estimation for data recovery, the user element 16
includes a “channel estimation function 86 that “provides channel responses
corresponding to channel conditions™ of the received downlink signal “to allow
the STC decoder 88 to decode the symbols.” Id.,6:33-35, 6:39-42, FIG. 5. The

decoded symbols are provided on a “receive path” that ends with “de-scrambling

logic 102” to “recover the originally transmitted data 104.” 1d.,6:35-39, 6:43-58.
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EX1005, FIG. 5 (annotated).

A POSA would have been motivated to combine Kim and Tong so that
Kim’s mobile terminals use channel estimates from the Q1 pilot patterns to
recover the data provided in Kim’s downlink signal traffic slot for the reasons

provided in §VIILA.1(b). EX1003, 99145-148.

g) [15.6] recover cell-specific information using the cell-
specific pilots;

As explained for element [1.2], Kim’s Q> pilot patterns are the claimed cell-
specific pilots. These pilots implement a “specific pattern for each cell,” and “are
used to search the cells.” EX1004, 26:3-7. Specifically, Kim’s terminal uses the Q>
pilots to “obtain [] cell information” (cell-specific information), and thereby

identify the cell/base station that provided the downlink signal. /d.,2:18-3:9.
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Specifically, to search the cells, the terminal determines a “cell number” associated

with the cell that transmitted the downlink signal. /d.,41:2-5, see also 46:7-10, FIG.
18; EX1003, 9149.

h) [15.7] wherein the second type is different than the first
type and wherein the first pilots do not interfere with the
second pilots.

Kim teaches this element for the reasons provided above for element [1.6].

EX1003, 9150.
5. Independent Claim 23

a) [23.P] A method performed by an orthogonal frequency
division multiple access (OFDMA)- compatible mobile station
that uses subcarriers in a frequency domain and time slots in
a time domain, the method comprising:

To the extent limiting, Kim teaches the preamble for the reasons provided
for element [15.P]. 1d. 9152.

b) [23.1] receiving first pilots of a first type on a first
plurality of subcarriers, wherein the first pilots are cell-
specific pilots;

Kim teaches this element for the reasons provided for element [15.2].

1d.9153.

) [23.2] receiving second pilots of a second type and data
on a second plurality of subcarriers, wherein the first
plurality of subcarriers and the second plurality of
subcarriers are received in at least one of the time slots;

Kim teaches this element for the reasons provided above for element

[15.3]. Id. §154.
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d) [23.3] wherein at least some subcarriers of the first
plurality of subcarriers or the second plurality of
subcarriers are beam-formed;

Kim-Tong teaches this element for the reasons provided for element

[15.4]. Id. 9155.

e) [23.4] recovering the data using channel estimates
from at least the second pilots; and

Kim-Tong teaches this element for the reasons provided for element

[15.5]. Id. 156.

f) [23.5] recovering cell-specific information using the cell-
specific pilots;

Kim teaches this element for the reasons provided above for element

[15.6]. 1d. .q157.
g) [23.6] wherein the second type is different than the first

type and wherein the first pilots do not interfere with the
second pilots.

Kim teaches this element for the reasons provided above for element

[15.7]. Id. 158.

6. Claims 2,9, 16 and 24

Claims 2, 9, 16, and 24 recite, “wherein all subcarriers of the first plurality
of subcarriers are different than all subcarriers of the second plurality of
subcarriers.”

Kim discloses these claims. As shown in Figure 10, and as explained for

elements [1.2]-[1.3] above, Kim’s downlink signal implements the Q- pilot
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patterns that are specific to each cell (first pilots) on different subcarriers than the
Q1 patterns “used in common by all the cells” (second pilots). Thus, all subcarriers

of the first plurality of subcarriers are different than all subcarriers of the second

plurality of subcarriers. 1d. 4160.

- Newar Symboks
r" }F‘i**"’*
Second pilots (pattern 0) =
inserted onto a second . e
plurality of subcarriers ' L
Pa-1ae (O First pilots
1 &= “__ (patterns 1, Q-1)
s inserted onto a first
T~ | plurality of subcarriers
-1 | Pase (i)
.' g
Pa-upe (ij—

EX1004, FIG. 10 (excerpt, annotated).

7. Claims 3, 10, 17, and 25

Claims 3, 10, 17, and 25 recite, “wherein the second plurality of subcarriers
includes an nth subcarrier and an n+18 subcarrier spaced apart from the nth
subcarrier by 17 subcarriers and the first plurality of subcarriers includes an mth
subcarrier and an m+20 subcarrier spaced apart from the mth subcarrier by 19

subcarriers.”
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As explained for elements [1.2]-[1.3], Kim’s base-station inserts the Q- cell-
specific pilot patterns onto the first plurality of subcarriers, and inserts traffic data
and the Q; common pilot patterns onto a second plurality of subcarriers. Although
Kim does not expressly disclose that the second plurality of subcarriers includes an
nth subcarrier and an n+18 subcarrier spaced apart from the nth subcarrier by 17
subcarriers and the first plurality of subcarriers includes an mth subcarrier and an
m+20 subcarrier spaced apart from the mth subcarrier by 19 subcarriers, a POSA

would have found it obvious to implement the subcarriers in this claimed manner as

an obvious design choice. 1d.,q9162-165.

Kim’s base station inserts the pilot patterns into the downlink signal at
certain pilot symbol intervals Nr. EX1004, 12:6-10, 24:2-25:5, 30:22-31:16, FIGs.
9, 10, 13. Kim discloses flexibility in the placement of its pilot symbols on various
subcarriers. See id.,FIGs. 1, 9, 10. For instance, the base station generates different
pilot patterns based on characteristics of the respective cells, such as “cell number
information.” EX1004, 46:2-7.

As Dr. Min explains, a POSA would have been motivated to optimize the
particular pilot patterns on the downlink signal because “pilot symbols... should be
as few in number as possible in order to maximize the transmission rate of data
symbols.” EX1003, §164; EX1008, 2:15-17; see also EX1009, Tufvesson, Abstract,
1639. A POSA would have sought to configure the Kim-Tong pilot patterns to

reduce “overhead” while still “enabl[ing] reliable channel estimates.” EX1009,
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1639; EX1003, 99164-165.
And in doing so, a POSA would have found it obvious to position the pilot

patterns such that the second plurality of subcarriers includes an nth subcarrier
and an n+18 subcarrier spaced apart from the nth subcarrier by 17 subcarriers
and the first plurality of subcarriers includes an mth subcarrier and an m~+20
subcarrier spaced apart from the mth subcarrier by 19 subcarriers. EX1003,
19164-165. Dr. Min explains that this implementation would merely be a matter
of routine experimentation that would not find unreasonable technical barriers.
1d; see also E.I. DuPont de Nemours & Co. v. Synvina C.V., 904 F.3d 996, 1006
(Fed. Cir. 2018) (“where the general conditions of a claim are disclosed in the
prior art, it is not inventive to discover the optimum or workable ranges by
routine experimentation”). Indeed, the 512 patent does not place any criticality
on the claimed pilot arrangement, merely depicting such arrangement, without

explanation, in the example shown in Figure 5. The mere arrangement of pilot

subcarriers, without more, is not inventive. EX1003, 9165.

8. Claims 4, 11, 18, and 26

Claims 4, 11, 18, and 26 recite “wherein each cell-specific pilot of the cell-
specific pilots is unique to a respective cell.”

As explained for element [1.2], each Q2 pilot pattern (cell-specific pilot) is
“a specific pattern for each cell.” EX1004, 26:3-7. Thus, each cell-specific pilot of

the cell-specific pilots is unique to a respective cell. EX1003, q167.
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9. Claims 5, 12, 21, and 29

Claims 5, 12, 21, and 29 recite “wherein the first plurality of subcarriers are
not aligned in frequency with subcarriers of at least another cell onto which
respective cell-specific pilots are inserted.”

Kim discloses that “the positions of the pilot symbols of antennas for the
respective adjacent cells” can be differentiated. EX1004, 32:3-7. For instance, Kim
discloses that “subcarrier group numbers (group 0 to group 3) represent positions of
the subcarriers for transmitting predefined pilot symbols so as to transmit pilot
symbols of an antenna.” 1d.,32:12-15. As shown in Table 1 below, the pilot
symbols for adjacent cells (e.g., Cell C and Cell D) are transmitted on different
subcarrier groups (for each antenna). Thus, these subcarriers are not aligned in
frequency with subcarriers of at least another cell onto which respective cell-

specific pilots are inserted. EX1003, §169.

Antenna 0 Antenna 1 Antenna 2 Antenna 3
Cell A Group 0 Group 1 Group 2 Group 3
CellB Group 0 Group 2 Group 3 Group 1
CellC Group 3 Group 0 Group 2 Group 1
CellD Group 1 Group 2 Group 0 Group3
CellE Group 3 Group 1 Group 0 Group 2
CellF Group 2 Group 3 Group 0 Group 1

EX1004, Table 1.
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10. Claims 6, 13, 20, and 28

Claims 6, 13, 20, and 28 recite “wherein the second plurality of subcarriers
are beam-formed.”

The combination of Kim and Tong renders obvious these claims for the
reasons provided for element [1.4]. A POSA would have been motivated to beam-
form the second plurality of subcarriers for the same reasons as provided for
element [1.4]. EX1003, q171. A POSA would have understood that the advantages

described for element [1.4] would apply to the beam-forming the second plurality

of subcarriers. /d.

11. Claims 7 and 14
Claims 7 and 14 recite “wherein the cell-specific pilots are used to convey

cell-specific information.”

As explained for element [15.6], Kim’s Q: pilot patterns (i.e., cell-specific
pilots) are used by the terminal to “obtain [] cell information,” (cell-specific
information) and thereby identify the cell/base station that provided the downlink
signal. EX1004, 2:18-3:9. The cell information includes a‘“cell number” associated

with the cell that transmitted the downlink signal. /d.,41:2-5, see also 46:7-10, FIG.

18; EX1003, 9173.

12. Claims 19 and 27

Claims 19 and 27 recite “wherein the first plurality of subcarriers are
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transmitted at a same time as the second plurality of subcarriers.”

As explained for elements [1.2]-[1.3], the first and second plurality of
subcarriers are transmitted within the same OFDM symbol. These subcarriers
within the OFDM symbols are transmitted at the same time within the same slot on

the time axis. EX1004, 12:6-10, 24:2-8, 24:20-25:5, FIGs. 9-10; EX1003, 175.
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EX1004, FIG. 10 (annotated, excerpt).

13. Claims 22 and 30

Claims 22 and 30 recite “extract[ing] cell-specific information from the cell-

specific pilots.”
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As explained for element [15.6] and claims 7 and 14, Kim’s Q:pilot
patterns (i.e., cell-specific pilots) are used to convey a “cell number” (cell-
specific information) associated with the cell that transmitted the downlink
signal. EX1004, 41:2-5, see also 46:7-10, FIG. 18. Upon receiving these pilot

patterns, Kim’s terminal extracts the cell number from the signal for cell-

searching. 1d.,35:6-8, 41:2-5; EX1003, q177.

B. Ground 2: The combination of Ketchum and Li renders obvious
claims 1, 3, 4, 6-8, 10, 11, 13-15, 17, 18, 20, 22, 23, 25, 26, 28, and 30

1. A POSA would have been motivated to combine Ketchum and
Li

A POSA would have been motivated to modify Ketchum’s system to handle
cellular communications, and to include OFDMA-compatible base stations (access
points) and mobile stations, as taught by Li. EX1003, q9179-186.

Ketchum’s system is a “multiple-access” MIMO-OFDM system “that
supports a number of users.” EX1006, 926. But Ketchum does not expressly
disclose how its system implements the multiple-access communications. A POSA
would have thus sought references for implementing multiple-access
communication techniques that leverage OFDM. EX1003, 99179-181. Liis such a
reference.

Li discloses a cellular communication system that communicates using
OFDMA techniques. EX1007, 9919, 28. Like Ketchum’s system, Li’s OFDMA -

compatible system implements carriers “containing multiple OFDM frequency
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subcarriers.” Id. 919. A POSA would have sought to implement the “multiple-
access” aspects of Ketchum’s system using OFDMA techniques, as taught by Li.
EX1003, q181. As Dr. Min explains, “OFDMA is a logical extension of OFDM”
that utilizes OFDM in communicating with multiple users (i.e., multiple-access).
Id. Specifically, OFDMA divides a communication channel into orthogonal
subchannels or subcarriers using OFDM techniques. EX1015, 307; EX1016,
Jalali, 1:16-34. OFDMA then extends OFDM to implement multiple-access by
assigning subsets of the orthogonal sub-carriers to individual subscriber devices.
EX1015, 307. And because OFDMA was one of a finite number of identified,
predictable solutions for implementing multiple-access in an OFDM system (e.g.,
multicarrier CDMA, OFDM with TDMA, OFDMA, etc.), a POSA would have

found it obvious to implement OFDMA in Ketchum’s system, as explicitly

taught by Li. EX1003, 44/180-181; EX1015, 305.

A POSA would have further been motivated to implement Ketchum’s
system as a cellular system, as taught by Li, such that Ketchum’s base stations are
implemented to communicate within respective coverage areas, or cells. EX1003,
182. Ketchum does not limit its “wireless communication system” to a particular
type of system. See EX1006, 96, 26. For instance, Ketchum refers to its access
points 110 as “base stations,” which is a term commonly associated with cellular

systems. EX1006, 426; see also e.g., EX1009, 1641. Ketchum’s base station also
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communicates within a particular “coverage area,” such as a cell. EX1006, 432.
Further, as explained by Dr. Min, OFDMA cellular systems were well-known in
the art. EX1003, q182.

Thus, in the combined system, each of Ketchum’s base stations would
communicate using OFDMA within respective cells, as taught by the combination
of Ketchum and Li. See EX1006, §32; EX1007, 919, 28. Each of Ketchum-Li’s
base stations would periodically broadcast pilots (e.g., beacon pilots, steered
reference pilots, etc.) to every subscriber within its cell, as taught by the
combination of Ketchum and Li. EX1003, §183; EX1007, 428; EX1006, §217.

A POSA would have been further motivated to combine Ketchum and Li
because both are in the same general field of wireless communications, and address
the same problem—implementing multiple access OFDM communication between
base stations and mobile terminals. EX1003, 9184. Accordingly, a POSA would
have had a reasonable expectation of success in implementing Ketchum’s system as
a cellular, OFDMA compatible system, as taught by Li. /d.,q184-185. As Dr. Min
explains, because Ketchum and Li both utilize the same general framework (e.g.,
OFDM), teaching from one can be implemented in the other with relative ease. /d.

Thus, because OFDMA and cellular communication techniques were well-
known and compatible with Ketchum’s system, a POSA would not have

experienced any unreasonable technical hurdles in implementing these

modifications. /d.,{Y[185-186. In this manner, a POSA would have understood that
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modifying Ketchum’s system for cellular OFDMA communications would merely
amount to combining prior art elements (Ketchum’s multiple-access MIMO system
and Li’s OFDMA-based cellular system) according to known methods
(implementing Ketchum’s system using OFDMA communication techniques) to

yield predictable results (e.g., an OFDMA-compatible cellular communication

system). Id.

2. Independent Claim 1.

a) [1.P]: An orthogonal frequency division multiple
access (OFDMA)-compatible base station that uses
subcarriers in a frequency domain and time slots in a time
domain, the OFDMA-compatible base station comprising:

To the extent limiting, Ketchum, or the combination of Ketchum and L1,
teaches the preamble. /d.,q4188-193. Ketchum discloses a “multiple-access MIMO
system 100 that supports multiple users.” EX1006, §26. The multiple access system
100 includes access points 110 that are also referred to as “base station[s].” Id. The
access points 110 communicate using “orthogonal frequency division multiplexing
(OFDM).” 1d. 9933, 223-224. In this manner, the access points 110 transmit OFDM
symbols having data on “a number of (N F) orthogonal subbands,” each of which is
“associated with a respective subcarrier upon which data may be modulated.”
1d. 9934, 36. The OFDM symbols are sent in particular time slots in the time
domain (e.g., during an “OFDM symbol period”). Id.,§36.

A POSA would have found it obvious to implement Ketchum’s system to
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communicate using OFDMA because there were a finite number of known
techniques for implementing a multiple-access OFDM system, such as Ketchum’s.
EX1003, q9189-190; EX1006, 9926, 34; EX1015, 305 (disclosing “multicarrier
CDMA, [OFDMA], OFDM with TDMA, OFDM with CSMA/CA, OFDM with
SDMA as multiple-access techniques). As Dr. Min explains, a POSA would have
also had a reasonable expectation of success in implementing Ketchum as an
OFDMA system because OFDMA is a “logical extension” of OFDM. EX1003,

190; EX1015, 305, 307; see also §VIIL.B.1. In the modified system, Ketchum’s

base station and terminals would be OFDMA -compatible.
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EX1006, FIG. | (annotated).

Moreover, to the extent it is argued that Ketchum’s “multiple access” system
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that uses OFDM does not disclose or render obvious an OFDMA-compatible base

station, L1 discloses this feature. EX1003, 49191-193.

Li discloses a cellular communication system that communicates using
OFDMA. EX1007, 919, 28. The system includes base stations that “periodically
broadcast[] pilot OFDM symbols to every subscriber within its cell (or sector).”
1d. q28. Thus, Li’s base stations and subscribers (mobile stations) are OFDMA -
compatible. EX1003, 99192-193.

A POSA would have been motivated to modify Ketchum’s system to handle
cellular communications, and to include OFDMA-compatible base stations (access
points) and mobile stations, as taught by Li, for the reasons provided in §VIIL.B.1.
Id.

b) [1.1] a plurality of antennas; and a transmitter
operably coupled to the plurality of antennas;

Each of Ketchum’s access points (base stations) include “antennas 424a
through 424d.” EX1006, 49223, 225. The access points also include a transmitter
that includes a “controller 430,” a “transmit (TX) data processor 414,” a “TX
spatial processor 420,” and “modulators 422 a through 422 d.” Id.,§9224-225. As
shown in Figure 4, the transmitter is operably coupled to the antennas 424.

1d.9225.
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EX1006, FIG. 4 (annotated).

Therefore, Ketchum discloses a plurality of antennas and a transmitter
operably coupled to the plurality of antennas. EX1003, 99194-195.
) [1.2] the transmitter configured to: insert first pilots of

a first type onto a first plurality of subcarriers, wherein the
first pilots are cell-specific pilots; and

Ketchum’s access points 110 are configured to send “various types of
pilot[s]” in the downlink signal. EX1006, q12. The pilots “include[] a beacon pilot,
a MIMO pilot, a steered reference or steered pilot, and a carrier pilot.” Id. A POSA
would have understood that the beacon pilots are the claimed first pilots of a first

type. EX1003, 99196-197.
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TABLE 1

Pilot Types

Pilot Type Description

Beacon Pilot A pilot transmitted from all transmit antennas and used for
timing and frequency acquisition.

MIMO Pilot A pilot transmitted from all transmit antennas with different
orthogonal codes and used for channel estimation.

Steered A pilot transmitted on specific eigenmodes of a MIMO

Reference or channel for a specific user terminal and used for channel

Steered Pilot estimation and possibly rate control.

Carrier Pilot A pilot used for phase tracking of a carrier signal.

EX1006, Table 1.

The beacon pilot includes a “set of pilot symbols” that are inserted onto “12
specific subbands” corresponding to a “B OFDM symbol.” EX1006, 39.
Specifically, the access point “multiplexes the scaled pilot symbols for all
subbands used for beacon pilot transmission.” EX1006, 4231, FIG. 5. As
explained above, “each subband is associated with a respective subcarrier upon
which data may be modulated.” /d.,§34. A POSA would have understood that
these 12 subcarriers are the claimed first plurality of subcarriers. EX1003, 9197.

The beacon pilots are cell-specific pilots. 1d. §9198-199. The user terminal
120 uses the beacon pilot to “acquire the [] frequency and timing” of the access

point that transmitted the beacon pilot. EX1006, 94217, see also 12, 31, 41, 119;
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EX1030, *309 Provisional, §1302.> For instance, Ketchum’s user terminal uses
the beacon pilots to determine and lock its frequency to “to the clock at the access
point.” EX1006, 942. A POSA would have thus understood that Ketchum’s
access points 110 are associated with a “coverage area” or cell of the access
points. EX1003, 99198-199; EX1006, §13. Because the beacon pilots are used to
determine frequency and timing of the respective access points for the respective
cells, the beacon pilots are cell-specific pilots. EX1003, 4199. The frequency and
timing of the access points are information specific to the particular access points
corresponding to the respective cells. /d.
To the extent Ketchum does not expressly disclose or render obvious that the

beacon pilots are cell-specific, the combination of Ketchum and Li does. 1d.,99200-

202.

Li discloses that its base stations “periodically broadcast[] pilot OFDM
symbols to every subscriber within its cell (or sector).” EX1007, 428. The pilots
are “different for different cells (or sectors)” (i.e., cell-specific). Id. The pilots
“serve multiple purposes: time and frequency synchronization, channel estimation

and signal-to-interference/noise (SINR) ratio measurement for cluster allocation.”

1d.

3 Ketchum incorporates the *309 Provisional by reference “in [its] entirety for all
purposes.” EX1006, 91.
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A POSA would have been motivated to implement Ketchum’s

communication system as a cellular system using OFDMA communication
techniques, as explained above in §VIIL.B.1. EX1003, 9202. In the modified
system, Ketchum’s base stations would communicate cell-specific beacon pilots
within respective cells to “acquire the [] frequency and timing” of the access point
that transmitted the beacon pilot. /d; EX1006, 4217; see also Y12, 31, 41, 119;
EX1007, 928. And as explained, in the modified system, each access point

represents a particular coverage area/cell. EX1003, 9202.

d) [1.3] insert data and second pilots of a second type
onto a second plurality of subcarriers;

Ketchum’s access point 110 also transmits steered reference pilots in the
downlink signal to the user terminal. EX1006, 9412-13, 30-31. The steered
reference pilots are the claimed second pilots of a second type. EX1003, 9203. The
steered reference pilot “comprises one or more sets of pilot symbols” that are
“transmitted on one set of subbands... in a given symbol period.” EX1006, 472;
see also 34 (“each subband is associated with a respective subcarrier upon which
data may be modulated”). For instance, the set of pilot symbols of the steered
reference pilot can be the “P OFDM symbol.” Id.,§73. The steered reference pilot
is thus inserted onto a second plurality of subcarriers associated with the set of
subbands. 1d.,q9103, 238-240.

The access point 110 also inserts data onto the second plurality of

subcarriers. EX1003, 4204. Ketchum explains that “48 subbands... may be used
- 63 -



Petition for Inter Partes Review of
U.S. Patent No. 10,965,512
for data transmission.” EX1006, §35. As shown in Figure 2, Ketchum’s downlink
signal includes a “FCH [protocol data unit] PDU 232 a” that includes “a portion
236 a for a data packet.” Id.,§]101. A POSA would have understood that the FCH

PDU 232 a includes data inserted on at least some of the 48 subbands that “may be

used for data transmission.” 1d.,9935, 101.
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EX1006, FIG. 2 (annotated).

As also shown in Figure 2, the FCH PDU 232 a also includes “a portion 234
a for a pilot.” Id. §101. The pilot is a steered reference pilot that, as explained,
includes pilot symbols structured according to the P OFDM symbol (second
pilots). 1d. 4973, 103. Thus, the second plurality of subcarriers includes the
subcarriers used for the FCH PDU 232 to transmit the steered reference pilot as
well as the subcarriers used to transmit the data. EX1003, 4205.

A POSA would have understood that these subcarriers are a second plurality
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of subcarriers relative to the first plurality of subcarriers used to transmit the
beacon pilot. 1d.,99206-207. This is because beacon pilots are transmitted in a B
OFDM symbol (first plurality of subcarriers) in “BCH protocol data unit (PDU)
212” symbol periods (as shown in Figure 2). EX1006, 99101, 103. And conversely,
steered reference pilots and data are transmitted in OFDM symbols (P OFDM

symbols and data OFDM symbols, second plurality of subcarriers) in “FCH PDU[]

232” symbol periods. 1d. 9101, 103.
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EX1006. FIG. 2 (annotated).

e) [1.4] wherein at least some subcarriers of the first
plurality of subcarriers or the second plurality of
subcarriers are beam-formed; and

Ketchum discloses that its steered reference pilots are transmitted “using
beam-forming.” Id.,74; see also {72, 147, 150, claim 61. As explained above for
element [1.3], the steered reference pilots are the claimed second pilots of a second

type that are inserted onto a second plurality of subcarriers. Thus, at least some of
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the second plurality of subcarriers are beam-formed. EX1003, 4208.
f) [1.5] the plurality of antennas configured to transmit

the first plurality of subcarriers and the second plurality of
subcarriers in at least one of the time slots;

Ketchum discloses that its access point’s antennas transmit the first and
second plurality of subcarriers as part of the downlink signal that “spans a
particular time duration.” EX1006, §100. The downlink signal includes multiple
OFDM symbols, each carrying data and/or pilots on multiple subcarriers, and sent
during respective OFDM symbol periods (i.e., time slots) within the “time
duration.” Id., see also 9936, 38, 72, 120. For instance, beacon pilots are transmitted
on the first plurality of subcarriers during “Ng symbol periods designated for
beacon pilot transmission,” and steered reference pilots and data are transmitted on
the second plurality of subcarriers during certain “given symbol period[s].”
1d. 9938, 154. The beacon pilots, steered reference pilots, and data (i.e., first and
second pluralities of subcarriers) are transmitted from each of the base station’s
transmit antennas. /d., 938, 154, 223. As shown in Figure 2, beacon pilots are
transmitted in symbol periods corresponding to transmission of a “BCH protocol
data unit (PDU) 212.” Id.,q9101, 103. Steered reference pilots and data are
transmitted in symbol periods corresponding to transmission of “one or more FCH

PDUs 232.” 1d; EX1003, 92009.
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EX1006, FIG. 2 (annotated).

g) [1.6] wherein the second type is different than the first
type and wherein the first pilots do not interfere with the
second pilots.

As explained for elements [1.2]-[1.3], Ketchum’s beacon pilots are the first
pilots of a first type and the steered reference pilots are the second pilots of a
second type. The beacon pilots and steered reference pilots “may be considered as

being of different types that are designed and used for different functions.”

EX1006, 911; EX1003, 9210.
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TABLE 1

Pilot Types

Pilot Type Description

Beacon Pilot A pilot transmitted from all transmit antennas and used for
timing and frequency acquisition.

MIMO Pilot A pilot transmitted from all transmit antennas with different
orthogonal codes and used for channel estimation.

Steered A pilot transmitted on specific eigenmodes of a MIMO

Reference or channel for a specific user terminal and used for channel

Steered Pilot estimation and possibly rate control.

Carrier Pilot A pilot used for phase tracking of a carrier signal.

EX1006, Table 1.

The beacon pilots do not interfere with the steered reference pilots because
the beacon pilots are transmitted during different time periods than the steered
reference pilots (as explained for elements [1.3] and [1.5]). EX1006, 4938, 154;

EX1003, 9211.

3. Independent Claim 8

a) [8.P] A method performed by an orthogonal
frequency division multiple access (OFDMA)- compatible
base station that uses subcarriers in a frequency domain
and time slots in a time domain, the method comprising:

To the extent limiting, Ketchum, alone or in combination with Li, teaches
the preamble for the reasons provided for element [1.P]. EX1003, 4213. Indeed, as
explained for claim 1 and below for claim 8, Ketchum or Ketchum-Li’s base

station performs the claimed method.
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b) [8.1] inserting, by the OFDMA-compatible base
station, first pilots of a first type onto a first plurality of
subcarriers, wherein the first pilots are cell-specific pilots;

Ketchum or Ketchum-Li teaches element [8.1] for the reasons provided for
element [1.2]. Id. 214.

) [8.2] inserting, by the OFDMA-compatible base
station, data and second pilots of a second type onto a second
plurality of subcarriers;

Ketchum teaches element [8.2] for the reasons provided for element [1.3].
1d. g215.

d) [8.3] wherein at least some subcarriers of the first
plurality of subcarriers or the second plurality of
subcarriers are beam-formed; and

Ketchum teaches element [8.3] for the reasons provided for element [1.4].
1d. g216.

e) [8.4] transmitting, by the OFDMA-compatible base
station, the first plurality of subcarriers and the second
plurality of subcarriers in at least one of the time slots using
a plurality of antennas;

Ketchum teaches element [8.4] for the reasons provided for element [1.5].
1d.217.

f) [8.5] wherein the second type is different than the first
type and wherein the first pilots do not interfere with the
second pilots.

Ketchum teaches element [8.5] for the reasons provided for element [1.6].

1d.9218.
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4. Independent Claim 15

a) [15.P] An orthogonal frequency division multiple
access (OFDMA)-compatible mobile station that uses
subcarriers in a frequency domain and time slots in a time
domain, the OFDMA-compatible mobile station comprising:

To the extent limiting, Ketchum or the combination of Ketchum and Li
teaches the preamble. EX1003, 99220-221. Ketchum discloses a “multiple-access
MIMO system 100 that supports multiple users.” EX1006, 426. Ketchum’s system
100 includes user terminals 120, also referred to as “mobile station[s],” dispersed
throughout the system. /d.,§926-27. The mobile stations communicate using

“orthogonal frequency division multiplexing (OFDM).” Id..9917, 33.
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EX1006, FIG. 1 (annotated).

A POSA would have been motivated to implement Ketchum’s system to

communicate using OFDMA for the reasons provided for element [1.P]. See also
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§VIILB.1. In such a system, Ketchum’s mobile stations 120 would be OFDMA -

compatible. EX1003, 9221.

b) [15.1] at least one antenna; and a receiver; and

Ketchum’s mobile station 120 includes “antennas 452 a through 452 d.”
EX1006, 9226. The mobile station also includes a receiver that includes
demodulators 454, a receive (RX) spatial processor 460, an RX data processor 470,

and a controller 480. /d; EX1003, 4222.
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EX 1006, FIG. 4 (annotated).

c) [15.2] the at least one antenna and the receiver are
configured to: receive first pilots of a first type on a first
plurality of subcarriers, wherein the first pilots are cell-

specific pilots; and

Ketchum’s antennas and receiver receive the OFDM downlink signal from
the access point 110. EX1006, 9226. Ketchum’s downlink signal, either alone or in
combination with Li, includes first pilots of a first type on a first plurality of
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subcarriers, wherein the first pilots are cell-specific pilots for the reasons provided
above for element [1.2]. A POSA would have understood that Ketchum’s mobile
station thus receives such cell-specific pilots on the first plurality of subcarriers via
the antennas and receiver. EX1003, 4223; EX1006, 9226.
d) [15.3] receive second pilots of a second type and data
on a second plurality of subcarriers, wherein the first

plurality of subcarriers and the second plurality of
subcarriers are received in at least one of the time slots;

Ketchum’s at least one receive antenna and receiver receive the OFDM
downlink signal. EX1006, 9226. The downlink signal includes second pilots of a
second type and data on a second plurality of subcarriers for the reasons provided
above for element [1.3]. A POSA would have understood that Ketchum’s mobile
station thus receives such second pilots of a second type and data on the second
plurality of subcarriers via the antennas and receiver. EX1003, 9224; EX1006,
9226. The first plurality of subcarriers and the second plurality of subcarriers are
received in at least one of the time slots for the reasons provided above for
elements [1.3] and [1.5].

e) [15.4] wherein at least some subcarriers of the first

plurality of subcarriers or the second plurality of
subcarriers are beam-formed; and

Ketchum discloses this element for the reasons provided above for element

[1.4]. EX1003, 9225.
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f) [15.5] the receiver is further configured to: recover
the data using channel estimates from at least the second
pilots; and

As explained for element [1.3], Ketchum’s steered reference pilots are the
claimed second pilots. The steered reference pilot is “used for channel estimation.”
EX1006, Abstract, 4912, 24, 30, 153, 190-191, 201-202. Ketchum’s receiver then
“recover([s] the transmitted data” based on the channel estimation. /d.,q97-8, 226
(the receiver “performs spatial processing on the received symbols from all
demodulators 454 a through 454 d to provide recovered symbols, which are
estimates of the modulation symbols transmitted by the access point”); EX1003,
9226.

2) [15.6] recover cell-specific information using the cell-
specific pilots;

As explained for element [1.2], Ketchum’s beacon pilots are the claimed
cell-specific pilots. The mobile station 120 uses the beacon pilot to “acquire the []
frequency and timing” of the access point that transmitted the beacon pilot.
EX1006, 9217; see also 12, 31, 41, 119; EX1030, 41302. And as explained for
element [1.2], the access point 110 (alone or as modified by Li) is associated with
a particular coverage area/cell. In this manner, the mobile station recovers cell-
specific information in the form of such frequency and timing of the access point
(cell). EX1003, 9227. For instance, the mobile station determines the “clock at the
access point” using the beacon pilots, and locks its frequency to the clock.

EX1006, 942.
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h) [15.7] wherein the second type is different than the
first type and wherein the first pilots do not interfere with
the second pilots.

Ketchum teaches this element for reasons provided for element [1.6].

EX1003, 9228.

5. Independent Claim 23

a) [23.P] A method performed by an orthogonal
frequency division multiple access (OFDMA)- compatible
mobile station that uses subcarriers in a frequency domain
and time slots in a time domain, the method comprising:

To the extent limiting, Ketchum or Ketchum-Li teaches the preamble for
reasons provided for element [15.P]. /d.,§230.

b) [23.1] receiving first pilots of a first type on a first
plurality of subcarriers, wherein the first pilots are cell-
specific pilots;

Ketchum or Ketchum-Li teaches element [23.1] for reasons provided for

element [15.2]. Id..§231.

) [23.2] receiving second pilots of a second type and
data on a second plurality of subcarriers, wherein the first
plurality of subcarriers and the second plurality of
subcarriers are received in at least one of the time slots;

Ketchum teaches element [23.2] for reasons provided for [15.3]. 1d.,9232.

d) [23.3] wherein at least some subcarriers of the first
plurality of subcarriers or the second plurality of
subcarriers are beam-formed;

Ketchum teaches element [23.3] for reasons provided for element [15.4].

1d.9233.
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e) [23.4] recovering the data using channel estimates
from at least the second pilots; and

Ketchum teaches element [23.4] for reasons provided for element [15.5].
1d. 234.

f) [23.5] recovering cell-specific information using the
cell-specific pilots;

Ketchum teaches element [23.5] for reasons provided for element [15.6].
1d. g235.
g) [23.6] wherein the second type is different than the

first type and wherein the first pilots do not interfere with
the second pilots.

Ketchum teaches element [23.6] for reasons provided for element [15.7].

1d. 9236.

6. Claims 3, 10, 17, and 25

Claims 3, 10, 17, and 25 recite “wherein the second plurality of subcarriers
includes an nth subcarrier and an n+18 subcarrier spaced apart from the nth
subcarrier by 17 subcarriers and the first plurality of subcarriers includes an mth
subcarrier and an m+20 subcarrier spaced apart from the mth subcarrier by 19

subcarriers.”

As explained for elements [1.2]-[1.3], Ketchum’s beacon pilots (firs¢ pilots)
are provided on a first plurality of subcarriers corresponding to a “B OFDM
symbol,” and Ketchum’s steered reference pilots (second pilots) are provided on a
second plurality of subcarriers corresponding to a “P OFDM symbol” (which is the
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same symbol as used for the MIMO pilots). EX1006, 9939, 47, 73. The
subbands/subcarriers of the B and P OFDM symbols are shown in Ketchum’s
Table 2, reproduced below. As shown, the P OFDM symbol (second plurality of
subcarriers) includes an nth subcarrier and an n+18 subcarrier spaced apart from
the nth subcarrier by 17 subcarriers (e.g., subbands/subcarriers -26 and -8).
EX1003, 9238. Also, the B OFDM symbol (first plurality of subcarriers) includes

an mth subcarrier and an m+20 subcarrier spaced apart from the mth subcarrier

by 19 subcarriers (e.g., subbands/subcarriers -24 and -4). Id.
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TABLE 2
First plurality of Pilot Symbols Second plurality of
subcarriers — _— subcarriers
(B OFDM Symbol) . N (P OFDM Symbol)
Index
0 0 i
-26 0 [E1 =}« nth subcarrier
mth _=25 0 =, P iy
subcarrier -24 TT—— -1 +j
=23 [ 0 -14+j
=22 0 1-j
=21 0 1-j
-20 -1-j 1+]
-19 0 =1=]
-18 0 -1+ .
-17 0 1+j = 17 subcarriers
-16 1+ -1+j
19 subcarriers =15 | 0 =]
-14 0 1+
=13 0 l=j
-12 -1=j 1-j
-11 0 -1-j
-10 0 -1-j
-9 0 1-j .
-8 =, [ :;‘-— n+18 subcarrier
=7 0 1+)
-0 0 =1+
m+20 gk _ 0 = -i
subcarrier -4 T——— -1+j
-3 0 -1+j

EX 1006, Table 2 (excerpt, annotated).

7. Claims 4, 11, 18, and 26

Claims 4, 11, 18, and 26 recite “wherein each cell-specific pilot of the cell-
specific pilots is unique to a respective cell.”

As explained for element [1.2], Ketchum’s beacon pilots (cell-specific
pilots) are used to “acquire the [] frequency and timing” of the access point that
transmitted the beacon pilot. EX1006, 4217; see also 912, 31, 41,942, 119;

EX1030, 91302. As also explained, the access points (alone or as modified by Li)
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are associated with a particular coverage area/cell within which the access points

broadcast. Thus, the beacon pilots are unique to a respective cell. EX1003, 49240-

241.

8. Claims 6, 13, 20, and 28
Claims 6, 13, 20, and 28 recite “wherein the second plurality of subcarriers
are beam-formed.”
Ketchum discloses its steered reference pilots (second pilots of a second type
that are inserted onto a second plurality of subcarriers) are transmitted “using beam-
forming.” EX1006, 474; see also 4972, 147, 150, claim 61. Thus, the second plurality

of subcarriers are beam-formed. EX1003, 99243.

9. Claims 7 and 14

Claims 7 and 14 recite “wherein the cell-specific pilots are used to convey
cell-specific information.”

As explained for element [1.2], Ketchum’s beacon pilots (cell-specific
pilots) are used to “acquire the [] frequency and timing” of the access point that
transmitted the beacon pilot. EX1006, 9217; see also 912, 31, 41, 119; EX1030,
91302. For instance, Ketchum’s user terminal uses the beacon pilots to determine
and lock its frequency to “to the clock at the access point.” EX1006, 942. As also
explained, the access points (alone or as modified by Li) are associated with a

particular coverage area/cell within which the access points broadcast. EX1007,
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9128; EX1006, 942. Thus, the beacon pilots convey cell-specific information in the

form of the frequency and timing information for the cell/access point. EX1003,

19245-246.

10. Claims 22 and 30

Claims 22 and 30 recite “extract[ing] cell-specific information from the cell-
specific pilots.”

As explained for element [1.2], Ketchum’s beacon pilots (cell-specific
pilots) are used to “acquire the [] frequency and timing” of the access point that
transmitted the beacon pilot. EX1006, §217; see also 912, 31, 41, 119; EX1030,
91302. For instance, Ketchum’s mobile station uses the beacon pilots to
determine and lock its frequency to “to the clock at the access point.” EX1006,
942. As also explained, the access points (alone or as modified by Li) are
associated with a particular coverage area/cell within which the access points
broadcast. EX1007, 428; EX1006, 9217. Thus, the mobile station extracts cell-
specific information from the beacon pilots in the form of the frequency and

timing information for the cell/access point. EX1003, 49248-249.

C. Ground 3: The Combination of Ketchum, Li, and Smee renders
obvious claims 5, 12, 21, and 29

Claims 5, 12, 21, and 29 recite “wherein the first plurality of subcarriers are
not aligned in frequency with subcarriers of at least another cell onto which

respective cell-specific pilots are inserted.”
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As explained above for element [1.2], Ketchum’s beacon pilots (alone or as
modified by Li) are cell-specific pilots that are transmitted on a first plurality of
subcarriers. EX1007, 928; EX1006, 9939, 217; see also EX1030, 41302. The
combination of Ketchum and Li does not explicitly teach that the first plurality of
subcarriers are not aligned in frequency with subcarriers of at least another cell
onto which respective cell-specific pilots are inserted. But, Smee discloses this
limitation. EX1003, 99253-261.

Smee discloses “[p]ilot transmission schemes suitable for use in wireless
multi-carrier (e.g., OFDM) communication systems.” EX1017, Abstract. The pilot
transmission schemes utilize “frequency orthogonality” by causing different base
stations to transmit pilots “on disjoint sets of subbands” (subcarriers). /d. §10; see
also 939. “Each cell or sector only transmits pilot on the subbands in the set
assigned to that cell/sector.” Id.,§46.

For instance, Smee’s Table 2 shows an example subband set allocation for
frequency orthogonality. /d.,947. Each “set” includes different subbands or

subcarriers assigned to a particular cell or cell sector for pilot transmission.

1d..546; EX1003, §9253-255.
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TABLE 2

Set Subbands

1 10, 20, 30, ... 500
2 11, 21, 31, ... 501
3 12,22, 32,...502
4 13, 23, 33, ... 503
5 14, 24, 34, ... 504
6 15, 25, 35, ... 505
7 16, 20, 36, ... 5006
g8 17, 27, 37, ... 507
9 18, 28, 38, ... 508

EX1017, Table 2.

As shown in Figure 3A, “[e]ach of the 9 sectors in the cluster is assigned one
of 9 subband sets” (sets 1-9 as indicated in Table 2 and Figure 3A). EX1017, q56.
“Each sector would then transmit its pilot on only the subbands in its assigned set.”

1d.
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FIG. 3A

EX1017, FIG. 3A.

Thus, Smee teaches that each cell and cell sector transmits a first plurality of
subcarriers [that] are not aligned in frequency with subcarriers of at least another
cell onto which respective cell-specific pilots are inserted. EX1003, 99253-256.

A POSA would have been motivated to implement the Ketchum-Li system
so that a base station transmits beacon pilots (i.e., cell-specific pilots) on a first
plurality of subcarriers are not aligned in frequency with subcarriers of at least

another cell onto which respective cell-specific pilots are inserted, as taught by

Smee. Id.§9257-261.

As explained for element [1.2], Ketchum’s base stations transmit beacon
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pilots (cell-specific pilots) on certain subcarriers. Ketchum explains that downlink
communication channels can experience “external interference.” EX1006, 6. But
although Ketchum discloses techniques for combating “inter-symbol interference”
between different OFDM symbols transmitted by the base station (i.e., within the
same cell) (EX1006, 936), Ketchum does not explicitly disclose techniques for
combating inter-cell interference between base stations (cells). EX1003, 4258.
Thus, a POSA would have sought references for combating such inter-cell
interference. Id. Smee is such a reference.

Smee’s “frequency orthogonality” techniques are “used to avoid interference
resulting from simultaneous transmission of pilots by multiple base stations.”
EX1017, 943. Thus, by causing adjacent cells to transmit pilots on “disjoint sets of
subbands” (EX1017, 410), such inter-cell interference is avoided. EX1017, 443.

A POSA would have understood Smee’s frequency orthogonality
techniques would provide similar benefits in Ketchum-Li’s system. EX1003,
14259-260. A POSA would have been motivated to implement the Ketchum-

L1 system so that a first base station (cell) transmits beacon pilots (cell-

specific pilots) on a first set of subcarriers, and an adjacent base station (cell)

transmits beacon pilots on a second set of subcarriers, as taught by Smee. /d.

And a POSA would have had a reasonable expectation of success in
implementing such techniques. /d.,9261. Ketchum discloses flexibility in

determining which subbands are used for providing the beacon pilots. E.g.,
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EX1006, 9940-41 (describing an “exemplary embodiment” of an OFDM symbol in
which beacon pilots are transmitted), §221. A POSA would have thus readily
understood how to implement Ketchum’s base stations so that adjacent base
stations transmit beacon pilots on disjoint subbands or subcarriers. EX1003, 4261.
In this manner, a POSA would have understood that such implementation would
merely amount to the use of a known technique (Smee’s frequency orthogonality

technique) to improve similar devices (Ketchum-Li and Smee’s base stations) in

the same way (avoiding interference from adjacent base stations/cells). /d.

IX. DISCRETIONARY CONSIDERATIONS UNDER 314(A) AND 325(D)
FAVOR INSTITUTION.

This Petition includes the same prior art and invalidity grounds as
IPR2022-01539 (“VW IPR”), is accompanied by a concurrently-filed Motion for
Joinder, and has been timely filed under 37 C.F.R. § 42.122. Thus, it is proper

under 35 U.S.C. §§ 314(a)/325(d).

A. General Plastic Factors

General Plastic does not apply here because Petitioner has not previously
challenged this patent and Petitioner and the Volkswagen Petitioner are not
similarly situated; for example, they are not accused in the litigation of infringing
based on the same products as examined under Factors 1 and 3. General Plastic
Industrial Co., Ltd. v. Canon Kabushiki Kaisha, IPR2016-01357, Paper 19 at 15-

19 (PTAB Sept. 6, 2017). As to timing under Factors 2, 4, and 5, while Petitioner
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became aware of the prior art references in the Volkswagen IPR as of at least the
time of its filing, it made no serial attack on the *512 patent and has filed this
Petition within the one-month period under 37 C.F.R. § 42.122(b). As to Factors
6 and 7, Petitioner seeks to join the Volkswagen IPR and is not raising new
arguments and will participate in an inactive/understudy role so that there should
be no material impact on the Board’s finite resources or its ability to issue a final

determination within one year. See General Plastic at 15-19; Apple Inc. v. Uniloc

2017 LLC, IPR2020-00224, Paper 10 at 4-5 (PTAB Apr. 6, 2020).

B. The Fintiv factors favor institution.

The Fintiv factors favor institution. Apple Inc. v. Fintiv, Inc., IPR2020-
00019, Paper 11 (P.T.A.B. Mar. 20, 2020) (precedential); see also June 21, 2022
Memorandum: Interim Procedure for Discretionary Denials in AIA Post Grant
Proceedings with Parallel District Court Litigation (“June 2022 Memo™).

On March 29, 2022, Patent Owner filed complaints alleging infringement of
the *512 patent against Petitioners. On June 14, 2022, the cases were centralized
for pre-trial proceedings in multidistrict litigation (MDL) in the Eastern District of
Michigan (EDMI). EX1032. The court has not issued a scheduling order or set a
trial date.

The stage and location of the parallel litigation (factors 2, 3), Petitioner’s
below stipulation (factor 4), and the strong merits (factor 6), demonstrate that

denial under Fintiv is inappropriate. See June 2022 Memo, 3-5, 7-9.
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Factor 1 is neutral or favors institution. Following institution of [PR2022-
01539, Petitioner, as part of a joint defense group, filed a motion to stay pending
IPR of the ’512 patent. See In re Neo Wireless, LLC Patent Litig., 2:22-md-3034-
TGB, Dkt. 145 (E.D. MI, May 17, 2023). The court has yet to rule on the motion.

Factor 2 favors institution because the litigation is in early stages, no trial
date has been set, and the median time to trial for civil actions in EDMI is 46.8
months. EX1034, 40; see June 2022 Memo, 3. Thus, trial would likely occur (if at
all) in early 2026—years after the Board’s projected deadline for a final decision
here. See Mylan Pharma. Inc. v. Bayer Pharma. Aktiengesellschaft, IPR2022-
00517, Paper 15 at 8-9 (P.T.A.B. Aug. 9,2022).

Factor 3 favors institution because neither the parties nor the court have
invested significant resources in the litigation. The court has not issued a scheduling
order, or any substantive rulings. Other than claim construction briefs being
exchanged and a Markman hearing set for June 21, 2023, no substantive progress
has been made in the litigation.

Factor 4 favors institution. Petitioner stipulates that, if the Board institutes
this Petition, Petitioner will not raise at trial in the parallel litigation any invalidity
challenges based on the prior art asserted here. This significantly mitigates the
concerns for duplication and inconsistent conclusions embodied in factor 4.

Factor 5 is neutral or weighs against discretionary denial. Petitioner’s status

as joint defendants in District Court is at worst a neutral factor. Institution would
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promote judicial efficiency and integrity by potentially relieving the District Court
of the need to conduct trial, and by enabling the Board to determine invalidity of
claims that Patent Owner has serially asserted.

Factor 6 favors institution because the merits of the Petition are strong. See
supra; June 2022 Memo, 3-5. Other considerations favoring institution under factor
6 include: (1) the Board is best suited to address the technical issues raised here;

(2) a decision on the merits at institution may aid the parties in resolving their
disputes through alternative dispute resolution; and (3) a patentability ruling will
benefit the public by providing a complete record and rationale absent from a black
box jury verdict form, such as by deterring future litigation. Patent Owner has filed
suit against nine defendants and is likely to file against others given the remaining

patent term of the *512 patent and Patent Owner’s allegations that the *512 patent

1s essential to certain telecommunication standards.

C. Advanced Bionics favors institution.

The two-part framework from Advanced Bionics, LLC v. MED-EL
Elektromedizinische Gerdte GmbH demonstrates that denial under §325(d) is not
appropriate. [PR2019-01469, Paper 6 at 8-9 (P.T.A.B. Feb. 13, 2020)
(precedential). Under part one, the same or substantially the same art or arguments
were not previously presented to the Office, ending the inquiry in favor of
institution. The “new, noncumulative prior art asserted in the Petition” strongly

favors IPR. Oticon Medical AB v. Cochlear Ltd., IPR2019-00975, Paper 15 at 20
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(P.T.A.B. Oct. 16, 2019) (§§11.B and II.C precedential). Should Patent Owner

attempt to analogize any previously considered art or arguments to those presented
here, Petitioner reserves the right to respond.

The Board should institute review because the merits are strong and the
circumstances here trigger none of the discretionary denial considerations.
Should Patent Owner raise any discretionary denial theory not addressed above,

Petitioner reserves the right to respond before institution.

X. CONCLUSION

The Board should grant IPR and cancel claims 1-30.

Respectfully submitted,

Dated: June 2, 2023 /Timothy W. Riffe/
Timothy W. Riffe, Reg. No. 43,881
Usman A. Khan, Reg. No. 70,439
John T. Johnson, Reg. No. 37,363
Jeffrey C. Mok, Reg. No. 69,878
Fish & Richardson P.C.
60 South Sixth Street, Suite 3200
Minneapolis, MN 55402
T:202-783-5070
F: 877-769-7945

Reginald J. Hill, Reg. No. 39,225
Nicole A. Keenan, Reg. No. 48,622
JENNER & BLOCK LLP

353 N. Clark Street

Chicago, IL 60654

Phone: (312) 923-2606

Fax: (312)527-0484

(Control No. IPR2023-00961) Attorneys for Petitioner
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CERTIFICATION UNDER 37 CFR § 42.24
Under the provisions of 37 CFR § 42.24(d), the undersigned hereby certifies that

the word count for the foregoing Petition for Inter Partes Review totals 13,985 words,

which is less than the 14,000 allowed under 37 CFR § 42.24.

Dated: June 2, 2023 /Timothy W. Riffe/
Timothy W. Riffe, Reg. No. 43,881
Usman A. Khan, Reg. No. 70,439
John T. Johnson, Reg. No. 37,363
Jeffrey C. Mok, Reg. No. 69,878
Fish & Richardson P.C.
60 South Sixth Street, Suite 3200
Minneapolis, MN 55402
T: 202-783-5070
F: 877-769-7945

Reginald J. Hill, Reg. No. 39,225
Nicole A. Keenan, Reg. No. 48,622
JENNER & BLOCK LLP

353 N. Clark Street

Chicago, IL 60654

Phone: (312) 923-2606

Fax: (312) 527-0484

Attorneys for Petitioner
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