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I, Dr. Zhi Ding, declare as follows:

1. My name is Zhi Ding.

2. I have been retained as an expert witness on behalf of TP-Link
Corporation Limited (“TP-Link” or “Petitioner”) for the above-captioned Petition
for Inter Partes Review (“Petition”) of U.S. Patent No. 7,936,714 B1 (the “’714
Patent”) (Ex. 1001). I am being compensated for my time in connection with this
Petition at my standard consulting rate of $820 per hour. My compensation is not
affected by the outcome of this matter.

3. I have been asked to provide my opinions regarding whether claims 1-
32 of the 714 Patent (the “Challenged Claims”) are invalid as obvious to a person
having ordinary skill in the art at the time of the alleged invention.

4. The 714 Patent issued on May 3, 2011, from Application No.
10/095,307, filed on March 11, 2002. Ex.1001.

S. I am not currently, and have not at any time in the past been, an
employee of TP-Link. I have no financial interest in TP-Link.

I. BACKGROUND AND QUALIFICATIONS

6. I presently hold the title of Distinguished Professor in the Department
of Electrical and Computer Engineering at the University of California, Davis. Since
my appointment on July 1, 2000, I have held the position of professor for the past

23 years at the present university and have served as a faculty member at several US
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universities for over 32 years. I am also a private technical consultant on various
technologies related to information systems. I have more than three decades of
research experience on a wide range of topics related data communications and
signal processing.

7. I earned my Bachelor of Science degree in 1982 in wireless engineering
from the Nanjing Institute of Technology (later renamed as Southeast University) in
Nanjing, China. I earned my Master of Science degree in 1987 in electrical
engineering from the University of Toronto in Toronto, Canada. I earned my Ph.D.
in 1990 1in electrical engineering from Cornell University in Ithaca, New York.

8. My responsibilities as a Professor at University of California, Davis,
include classroom instruction on various topics of communication systems and
signal analysis, as well as mentoring undergraduate students and supervising
graduate students in their research and development efforts on various topics related
to digital communications. I have directly supervised such research and development
works ranging from signal detection to wireless networking. As the chief academic
advisor, I have also directly supervised the completion of over 20 Masters theses and
30 Ph.D. dissertations on various topics related to digital communications. I have
served full time as a faculty member at three major research universities in the

United States over the past 30 years, including Auburn University from 1990 to
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1998, University of lowa from 1999 to 2000, and University of California, Davis,
from 2000 to present.

9. Since 1990, I have been selected as the principal investigator of
multiple highly competitive federal and local research grants, including more than
twenty major research projects supported by the National Science Foundation and
two research projects funded by the U.S. Army Research Office. These competitive
research projects focused on developing more efficient and effective digital
communication transceivers, networks, and signal processing tools. I have also
participated in several large-scale projects supported by the Defense Advanced
Research Projects Agency (DARPA) with teams of researchers. I have applied for,
and received support from, other federal, state, and industry sponsors.

10. I have published over 240 peer-reviewed research articles in premier
international journals, in addition to over 250 refereed technical articles at top
international conferences on communications and information technologies.
According to Google Scholar, my published works have been cited by over 16,000
times by peers. I also authored two books on communications technologies. My most
recent book, coauthored with B.P. Lathi, is entitled, “Modern Digital and Analog
Communication Systems,” 5th edition, and was published by the Oxford University
Press in 2018. The 4th edition of this book (published in 2009) had been widely

adopted as an introductory textbook to communication systems.
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11. In addition to the over 490 published technical papers that have been
cited over 16,000 times according to Google Scholar, I am also co-inventor of 4
issued U.S. patents on communication technologies.

12. 1 am a member of the Institute of Electrical and Electronics Engineers
(IEEE) and was elevated to the grade of Fellow in January 2003 for contributions
made in signal processing for communication. The IEEE is the world’s largest
professional society of engineers, with over 400,000 members in more than 160
countries. The IEEE has led the development of many standards for modern digital
communications and networking, most notably, the IEEE 802 series of network
standards. The IEEE Grade of Fellow is conferred by the Boards of Directors upon
a person with an extraordinary record of accomplishments in any of the IEEE fields
of interest. The total number selected in any one year does not exceed one-tenth of
one percent of the total voting Institute membership.

13. Thave served the IEEE in the following capacities:

e Chief Information Officer of the IEEE Communications Society from Jan.

2018 to present.

e Chief Marketing Officer of the IEEE Communications Society from Jan.

2020 to present.
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Recognition Award from the IEEE Communications Society, an award given to a

General Chair of the 2016 IEEE International Conference on Acoustics,
Speech, and Signal Processing, the flagship conference of the IEEE Signal
Processing Society.

Chair of the Steering Committee for the IEEE Transactions on Wireless
Communications from 2008 to 2010.

Distinguished Lecturer of the IEEE Communications Society from January
2008 to December 2009.

Technical Program Chair of the 2006 IEEE Globecom, one of two
flagship annual IEEE Communication Society conferences.

Distinguished Lecturer of the IEEE Circuits and Systems Society from 2004
to 2005.

Associate Editor of the IEEE Transactions on Signal Processing from 1994
to 1997 and from 2001 to 2004.

Member of the IEEE Statistical Signal and Array Processing for
Communications Technical Committee from 1993 to 1998.

Member of the IEEE Signal Processing for Communications Technical
Committee from 1998 to 2004.

14.  In2012, Ireceived the Wireless Communications Technical Committee

person with a high degree of visibility and contribution in the field of “Wireless and
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Mobile Communications Theory, Systems, and Networks.” I received the 2020
Education Award from the IEEE Communications Society. According to the
Society, this award “recognizes distinguished and significant contributions to
education within the Society’s technical scope.”

15. T have also served as a technical consultant for the telecommunication
industry. For example, in 1995 I consulted for Analog Devices, Inc., on the
development of the first generation DOCSIS cable modem systems. 1 have also
consulted for other companies, including Nortel Networks and NEC US
Laboratories. [ worked as a visiting faculty research fellow at NASA Glenn Research
Center in 1992 and at U.S. Air Force Wright Laboratory in 1993. I have served on
multiple review panels of the National Science Foundation to evaluate competitive
research proposals in the field of communication. I have also reviewed a large
number of research proposals at the request of the National Science and Engineering
Research Council (NSERC) of Canada as an expert panelist from 2010 to 2013, and
also at the request of the Research Grant Council (RGC) of Hong Kong as an external
reviewer.

16. I'have served as an expert witness or consulting expert on a number of
matters related to intellectual property, mostly in the arena of telecommunications,
including cellular communications, Wi-Fi technologies, Bluetooth, and optical

communications. For example, since 2007, I have been engaged to work on various
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litigations involving cellular, WiFi, Bluetooth, and optical communication
networks.

17. Based on my above-described near three decades of experience in
communications technologies, and the acceptance of my publications and
professional recognition by societies in my field, I believe that [ am qualified to be
an expert in wireless communication systems, communication networks, and signal
processing.

18. My qualifications and publications are set forth more fully in my
curriculum vitae, attached.

II. MATERIALS AND OTHER INFORMATION CONSIDERED

19.  In forming the opinions expressed in this Declaration, I relied upon my
education and experience in the relevant field of the art and have considered the
viewpoint of a person having ordinary skill in the art (POSITA) at the time of the
alleged invention.

20. I have considered the materials referenced herein, including the *714
Patent (Ex. 1001), the file history of the *714 Patent (Ex. 1004), the Petition, and

other documents listed in the Exhibit List of the Petition, including:

Description Date of Public Availability
U.S. Patent Application Publication Published April 18, 2002, from an
No. 2002/0045459 (“Morikawa’) application filed October 12, 2001.
(Ex.1005)
U.S. Patent No. 6,049,721 Issued April 11, 2000, from an
(“Serizawa”) (Ex.1006) application filed April 7, 1998.
10
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Description

Date of Public Availability

Millimeter Waves for Short-Range
Multimedia Communication Systems,
Andrisano et al., IEEE 1998
(“Andrisano”) (Ex.1007)

Published and publicly available no
later than July 1998. Ex.1024.

Fragment Adaptive Reduction:
Copying with Various Interferers in
Radio Unlicensed Bands, Tourrilhes,
IEEE 2001 (“Tourrilhes”) (Ex.1008)

Published and publicly available no
later than June 11-14, 2001.
Ex.1025.

Interference of Bluetooth and IEEE
802.11: Simulation Modeling and

Performance Evaluation, Golmie et
al., ACM 2001 (“Golmie”) (Ex.1009)

Published and publicly available no
later than July 21, 2001. Ex.1026.

An Overview of Millimeter Wave
Indoor Wireless Communication

Systems, Prasad et al., IEEE 1993
(“Prasad”) (Ex.1010)

Published and publicly available no
later than October 12-15, 1993.
Ex.1027.

U.S. Patent No. 6,470,055 (“Feher”)
(Ex.1011)

Issued October 22, 2002, from an
application filed August 9, 1999.

Multirate Systems and Filter Banks,
Vaidyanathan, Prentice Hall (1993)
(“Vaidyanathan”) (Ex.1012)

Published and publicly available no
later than March 1, 1993. Ex.1013.

IEEE 100 The Authoritative
Dictionary of IEEE Standards Terms
Dictionary, 7th ed. (2000) (Ex.1014)

Published and publicly available no
later than December 2000.

RF Microlectronics, Razavi, Prentice
Hall (1998) (“Razavi”) (Ex.1015)

Published and publicly available no

later than January 6, 1998. Ex.1016.

U.S. Patent No. 5,852,767 (“Sugita”)
(Ex.1017)

Issued December 22, 1998, from an
application filed April 23, 1996.

U.S. Patent No. 6,801,519 (“Mangal”)
(Ex.1018)

Issued October 5, 2004, from an
application filed April 11, 2000.

U.S. Patent No. 5,475,677 (““‘Arnold”)
(Ex.1019)

Issued December 12, 1995, from an
application filed December 29,
1994,

Microwave Video Distribution: 28-
and 42-GHz, Perlow, IEEE 1996
(“Perlow”) (Ex.1020)

Published and publicly available no
later than June 23-27, 1996.
Ex.1028.

11
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Description Date of Public Availability
U.S. Patent Application Publication Published October 9, 2003, from an
No. 2003/0189974 (“Ferry”) application filed May 3, 2001.
(Ex.1021)
IEEE 802.11-1999 (“802.11a”) Published and publicly available no
(Ex.1031) later than 1999.

21.  The references listed above include prior art to the *714 Patent which is
entitled to a priority date not earlier than March 11, 2002. Morikawa (Ex. 1005),
Serizawa (Ex. 1006), Razavi (Ex.1015), and Ferry (Ex.1021) were not cited. | have
also reviewed the Joint Chart of Agreed and Disputed Claim Terms for Construction
(Ex.1030), and Netgear’s Infringement Claim Chart for the *714 Patent (Ex.1029).

III. UNDERSTANDING OF PATENT LAW

22. 1 am not an attorney. For purposes of this declaration, I have been
informed about certain aspects of the law that are relevant to my opinions. My
understanding of the law is as listed below.

A. Claim Construction

23. I understand that in an IPR petition filed after November 13, 2018, a
claim must be construed under the Phillips standard. Under that standard, words of
a claim are given their plain and ordinary meaning as understood by a POSITA at
the time of invention, in light of the specification and prosecution history, unless
those sources show an intent to depart from such meaning, as well as pertinent
evidence extrinsic to the patent.

B. Obviousness

12
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24. I have been informed and understand that a patent claim can be
considered to have been obvious to a POSITA at the time the application was filed.
This means that, even if all of the requirements of a claim are not found in a single
prior art reference, the claim is not patentable if the differences between the subject
matter in the prior art and the subject matter in the claim would have been obvious
to a POSITA at the time the application was filed.

25. Thave been informed and understand that a determination of whether a
claim would have been obvious should be based upon several factors, including,
among others:

e the level of ordinary skill in the art at the time the application was filed;
e the scope and content of the prior art; and

e what differences, if any, existed between the claimed invention and the
prior art.

26. I have been informed and understand that the teachings of two or more
references may be combined in the same way as disclosed in the claims, if such a
combination would have been obvious to a POSITA. In determining whether a
combination based on either a single reference or multiple references would have
been obvious, it is appropriate to consider at least the following factors:

e whether the teachings of the prior art references disclose known concepts

combined in familiar ways, which, when combined, would yield
predictable results;

13
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e whether a POSITA could implement a predictable variation, and would
see the benefit of doing so;

e whether the claimed elements represent one of a limited number of
known design choices, and would have a reasonable expectation of
success by a POSITA;

e whether a POSITA would have recognized a reason to combine known
elements in the manner described in the claim;

e whether there is some teaching or suggestion in the prior art to make the
modification or combination of elements claimed in the patent; and

e whether the innovation applies a known technique that had been used to
improve a similar device or method in a similar way.

27. I understand that a POSITA has ordinary creativity, and is not an
automaton.

28. 1 understand that in considering obviousness, it is important not to
determine obviousness using the benefit of hindsight derived from the patent being
considered.

29. lunderstand that prior art to the 714 Patent includes patents and printed
publications in the relevant art that predate the Priority Date of the *714 Patent.

30. I ounderstand that certain factors—often called ‘“secondary
considerations”—may support or rebut an assertion of obviousness of a claim. I
understand that such secondary considerations include, among other things,
commercial success of the alleged invention, skepticism of those having ordinary
skill in the art at the time of the alleged invention, unexpected results of the alleged

invention, any long-felt but unsolved need in the art that was satisfied by the alleged

14
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invention, the failure of others to make the alleged invention, praise of the alleged
invention by those having ordinary skill in the art, and copying of the alleged
invention by others in the field.

31. I further understand that there must be a nexus—a connection—
between any such secondary considerations and the alleged invention. I also
understand that contemporaneous and independent invention by others is a

secondary consideration tending to show obviousness.

IV. SUMMARY OF OPINIONS

32. Itis my opinion that claims 1-5, 11-17, 23-24, 31, and 32 are disclosed
or, at a minimum, rendered obvious by Morikawa (Ground I).

33. Itis my opinion that claims 1-5, 13-17, 31, and 32 are disclosed or, at a
minimum, rendered obvious by Serizawa (Ground II).

34, It i1s my opinion that claims 6-10, 18-22, and 25-30 are rendered
obvious by Serizawa in combination with Razavi and/or Ferry (Ground III).

35. It is my opinion that none of the prior art references relied on in this
petition are cumulative with prior art considered by the Examiner during the
prosecution of the 714 Patent.

36. It is my opinion that for purposes of this proceeding, the claim terms

need not be construed to resolve the prior art issues presented in this Petition.

15
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V. OVERVIEW OF THE TECHNOLOGY

37. The *714 patent is directed at multi-band wireless radio frequency (RF)
data communications. To avoid mutual interferences, the ’714 patent “enables
communication of upstream data on one band of operation while downstream data
1s communicated on a different band of operation” simultaneously. In wireless
communications, upstream data transmission refers to the transmissions by radio
terminals to their host/access point/base-station whereas downstream data
transmission refers to the transmission by host/access point/base-station to radio
terminals. Simultaneous upstream and downstream data transmissions on different
frequency bands of operation are known as frequency division duplexing.

38.  The permission for radio transmission in a given frequency band, also
known as spectrum access, must be regulated to avoid at-will transmissions by
multiple devices or commercial interests, thereby leading to signal conflicts (i.e.
mutual interference) when more than one party attempts to access the same spectrum
band at the same time in the same area or in adjacent areas. Mutual interferences due
to unregulated and uncontrolled access would lead to reception failures and chaos.
Frequency bands, also known as spectrum, are regulated by national regulatory
bodies such as the Federal Communications Commission (FCC) in the US. In fact,
access to most spectrum bands is regulated by licenses. Licensed access in licensed

bands is important to avoid excessive interferences from unauthorized transmission.

16
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Licensed bands are used by, e.g., cellular networks, AM radio, TV stations, satellite
radio, GPS, and many commercial and government systems. In addition to licensed
bands, some spectrum bands are left as license-free bands by regulators to allow
(mostly low power) transmission without licenses. These unlicensed bands are
important for access by networks such as WiFi, Bluetooth, and citizen band (CB)
radios. Compared to licensed access, license-free access is much easier to
operate and is important for home network applications. It would have been
unimaginable for consumers to apply for a license to operate a WiF1 access point, or
a Bluetooth headset. Because of controlled access, licensed bands tend to have less
interference whereas unlicensed bands can generally experience more
interferences, but the level of such interferences also varies depending on particular
contexts, such as time of the day, geographic locations, proximity to other sources
of interference, etc.

39.  Signal filtering is a process to remove signals from certain frequency
bands. Typically, a filter can remove certain frequency components of a signal that
passes through the filter. The filter can be a lowpass, bandpass, or a highpass
filter. Once the passband of a filter is specified, the filter can remove or reject signal
components not in the passband of the filter from its output. Filters are commonly
used in wireless communications to, e.g., reject interferences from certain spectrum

bands. Filters can be analog or digital. Analog filters include baseband filters and

17
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RF filters. Surface acoustic wave (SAW) filters are well-known RF filters.
Digital filters can be finite impulse response (FIR) filters or infinite impulse response
(IIR) filters.  Filter characteristics and filtering efficacy depend on filter
orders. Typically, a higher order filter has a sharper cutoff to reject out-of-band
components better, but at the cost of higher complexity and longer response time.
Conversely, a lower order filter is simpler to implement and less costly, but is also
less effective at filtering/rejecting out-of-band components.

VI. THE 714 PATENT

40. The 714 Patent issued on May 3, 2011, from Application No.
10/095,307, filed on March 11, 2002. Ex.1001.

A. Claims

41. The ’714 Patent has 32 claims, including five independent claims
numbered 1, 13, 25, 31, and 32. Ex. 1001, 9:59-12:40. Claims 1-32 are the
Challenged Claims.

42. Exemplary Claim 1 is reproduced below:

1. A method for increasing capacity of a wireless data communication
system, said method comprising the steps of:

receiving, at a subscriber station, data on a first frequency in a
frequency band expected to experience low interference;

transmitting, at said subscriber station, data on a second frequency in
a frequency band expected to experience high interference.

wherein said low interference frequency band and said high
interference frequency are separated by at least one octave; and

18
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wherein at least a portion of said receiving and at least a portion of
said transmitting occur at the same time.

Ex. 1001, 9:59-10:5.

B. Summary of the Specification

43.  The ’714 Patent is directed to the use of “separate bands for upstream
and downstream” communications in a wireless communication system. Ex.1001,
3:30-34. Upstream communication refers to data sent from a user device (subscriber
station) to a base station/network hub, whereas downstream communication refers
to data flow in the opposite direction, from the base station/hub to the subscriber
station. /d., 7:3-9.

44. The °714 Patent admits that the use of different frequencies for
upstream and downstream wireless communication, called frequency division
duplexing (FDD), was well-known. Ex.1001, 1:30-35 (discussing “prior art data
communication systems” employing “frequency division duplexing (FDD)”), id.,
1:65-67 (“In FDD, a base station may simultaneously transmit and receive [using
different frequencies], and a subscriber station may simultaneously transmit and
receive.”); Ex.1015, 103 (“[An] approach to duplexing is to employ two different
frequency bands for the transmit and receive paths. Called ‘frequency-division
duplexing’ (FDD) [], this technique incorporates bandpass filters to isolate the two

paths, allowing simultaneous transmission and reception.”).

19
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45.  According to the 714 Patent, prior art FDD communication systems
“operate entirely within one regulated band.” Ex.1001, 1:33-35. As a result, the
upstream and downstream frequencies in prior art FDD systems are “relatively
closely spaced” and this “adjacency requires extensive use of filters resulting in
increased size and cost for data communication systems, particularly for subscriber
stations.” Id., 1:35-40.

46. The alleged invention described and claimed in the 714 Patent purports
to solve this problem by using two different frequency bands for uplink and
downlink communication. Ex.1001, 6:46-49 (“The present systems and methods for
multi-band wireless RF data communications enables communication of upstream
data on one band of operation while downstream data is communicated on a
different band of operation.”).!

47.  As explained in the *714 Patent, the two bands used separately for
uplink and downlink are preferably “separated by at least one octave of bandwidth.”
Id., 6:49-52. The specification notes that “[t]he two bands may both be licensed
bands or both may be unlicensed bands. However, in one preferred embodiment, one

band is a licensed band while another is an unlicensed band.” Id., 6:59-62.

! Emphasis added unless otherwise stated.
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48. The specification further notes that licensed bands are “relatively
interference-free.” Id., 3:37-40. In contrast to that, operators in an unlicensed band
“are not protected from possible interference from other [] operators transmitting in
the vicinity or even other systems and devices which utilize the same frequencies.”
Id., 3:5-8.

C.  Summary of the Prosecution History

49.  Application No. 10/095,307 (“the ’307 Application”) was filed on
March 11, 2002. Ex.1004, 1-2. The claims ultimately were issued on May 3, 2011
after undergoing two appeals and overcoming several rejections on §112 and prior
art grounds. Ex.1001, Cover; see generally Ex.1004.

50. I have reviewed the file history. I note that Applicant overcame
Examiner’s §103(a) rejection of the claims over U.S. Patent No. 6,801,519
(“Mangal”) (Ex.1018) in view of the Admitted Prior Art (Ex.1004, 452-59) by
arguing that, while Mangal teaches both licensed and unlicensed frequency bands,
these two bands are not used simultaneously for two-way communication; instead
only one band is used at a time to transmit and receive data. Ex.1004, 372 (“[T]he
exchange of data both upstream and downstream ... occurs in only the selected
band at any given time in Mangal.”), 376 (“[T]he queuing methods and reverse

tear down of Mangal indicate both upstream and downstream data exchange ... in a
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given communication session occur in only the selected frequency band.”)
(bolding added, other emphasis in file history).

51.  Applicant argued that the claims, which have been amended to recite
“wherein at least a portion of said receiving and at least a portion of said transmitting
occur at the same time” or “wherein said transmitting and said receiving occur during
the same communication session,” (/d., 297-301), claim using two frequency bands
concurrently to transmit and receive data (such as in a two-way communication over
the phone), and not one band at a time as disclosed in Mangal, and are therefore
distinguishable over Mangal. Id., 372-73 (“[T]he exchange of data both upstream
and downstream ... occurs in only the selected band at any given time in Mangal.
Therefore, Mangal does not satisfy the limitation that receiving on the low
interference band and transmitting on the high interference band occur at the same
time ...”), 376 (“Mangal does not satisfy the limitation receiving on the low
interference band and transmitting on the high interference band occur in the same
communication session.”) (emphasis in file history).

52. 1 note that Applicant additionally overcame Examiner’s §112
indefiniteness rejections directed to the limitations “low interference frequency
band” and “high interference frequency band.” Id., 303, 315. Examiner explained
that these limitations were “unclear because in any frequency band interference and

noise are subject[] to constant change” such that “at some point ‘low interference
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band’ can have higher interference than ‘high interference band.”” Id., 278-79. In
response, Applicant amended the limitations to read “frequency band expected to
experience low interference” and “frequency band expected to experience high
interference” respectively, id., 296-99, after which Examiner withdrew the §112
rejection, id., 315.

VII. LEVEL OF ORDINARY SKILL IN THE ART

53. T understand that there are multiple factors relevant to determining the
level of ordinary skill in the pertinent art, including the educational level of active
workers in the field at the time of the alleged invention, the sophistication of the
technology, the type of problems encountered in the art, and the prior art solutions
to those problems.

54. In determining the characteristics of a hypothetical person of ordinary
skill in the art of the *714 Patent at the time of the alleged invention, I considered
several things, including the type of problems encountered in this field, and the
rapidity with which innovations were made. | also considered the sophistication of
the technology involved, and the educational background and experience of those
actively working in the field, and the level of education that would be necessary to
understand the ’714 Patent. Finally, based on my own experience, I placed myself
back in the relevant periods of time, and considered the state of the art and the level

of skill of the engineers working in this field in those times.
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55. It i1s my opinion that a POSITA at the time of the 714 Patent would
have had a Bachelor’s degree from an accredited program in electrical engineering,
computer engineering, computer science, or a related field, and three years of
experience in the design and analysis of wireless communication systems or
equivalent work experience. Additional education might compensate for less
experience, and vice-versa.

56. I also note that my opinions provided in this Declaration would not
change in view of any minor modifications to this level of skill.

VIII. CLAIM CONSTRUCTION

57. It is my opinion that for purposes of this proceeding, the claim terms
need not be construed to resolve the prior art issues presented in this Petition. I
understand that the parties’ disputed constructions in the parallel ITC litigation are
listed in the table below. Ex.1030, Attachment A at 2. I also understand that the
parties agreed that the term “frequency band” should be accorded plain meaning and
is a “generally contiguous portion of the electromagnetic spectrum which is
regulated by a governmental entity, such as the Federal Communications
Commission (FCC) for the United States.” Id., Attachment A at 1. As [ have shown
in Section X, the Challenged Claims are unpatentable under either party’s

constructions.
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Claim Term

TP-Link’s Proposed
Construction

Netgear’s Proposed
Construction

“recelving ... ina
frequency band expected
to experience [low/high]
interference” /
“transmitting ... in a
frequency band expected
to experience [high/low]
interference”

(claims 1, 13, 31, 32)

The claims require
separate bands for
receiving and
transmitting

Plain and ordinary
meaning

“frequency band
expected to experience
low interference” /
“frequency band
expected to experience
high interference”

(claims 1, 13, 31, 32)

Indefinite

Not indefinite. Plain and
ordinary meaning, where
a “frequency band
expected to experience
low interference” is
relative to “a frequency
band expected to
experience high
interference”

58.  Nothing in this section should be construed as expressing any opinion

as to whether the claims constitute patentable subject matter under 35 U.S.C. § 101,

or whether they satisfy the definiteness, enablement, best mode, or written

description requirements under § 112.

IX. OVERVIEW OF THE PRIOR ART

A. Overview of Morikawa

59. Like the ’714 Patent, Morikawa teaches a wireless communication

system that uses widely separated frequency bands of operation for uplink and

downlink communications. Ex.1005 (Morikawa), [0017]-[0019]. This is illustrated
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in Morikawa Figure 1, in which “the down-link channels [(red)] for the subscriber’s
terminals use a frequency band corresponding to a sub-millimeter waveband or a
millimeter waveband, such as 26-GHz, 28-GHz, 38-GHz or 42-GH?z band, and the
up-link channels [(blue)] for the subscriber’s terminals use a 2.4-GHz ISM band.”
1d., [0021]-[0022], [0027].

60. Morikawa explains that the 2.4-GHz ISM up-link band is an unlicensed
band, while the millimeter/sub-millimeter down-link band(s) proposed for use in its
system requires a license. /d., [0044] (“[U]sing a 2.4-GHz ISM band [for] the up-
link channel while a sub-millimeter or millimeter waveband [is used for] the down-
link channel ... [helps] achieve a low-cost user’s terminal. The 2.4-GHz ISM band
1S a non-licensed waveband, [therefore] a single license only on the down-link
channel can be sufficient for the service operation, saving the running cost for the

service.”).
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Id., Fig. 1.2
61. Morikawa’s downlink frequencies (in the range of 26-GHz to 42-GHz)

are more than twice the uplink frequencies around 2.4-GHz, and thus, like the *714

Patent, Morikawa teaches uplink and downlink frequencies that are separated by

more than one octave.

B.
62.

Overview of Serizawa

Serizawa 1s directed to a wireless communication system having a

“super highspeed downlink (abbreviated SDL ...), which has a relatively high

2 All colors and colored annotations added unless otherwise noted.
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transmission rate on the downlink, which is the radio transmission path from the
base station to the terminal, in comparison with the transmission rate on the uplink,
which is the radio transmission path from the terminal to the base station.” Ex.1006
(Serizawa), 1:9-17.

63. Serizawa Figures 19 and 20 below illustrate an embodiment in which
transmission “[f]Jrom the radio base station 501 to each of the portable terminals 502
(downlink) [(red)] transmission is made on frequencies fi, fi’, fi”” in the 60-GHz
band at a transmission rate of R1. From each of the portable terminals 502 to the
radio base station 501 (uplink) [(blue)] transmission is made on frequencies 2, f2’,
and > in the 2.4-GH7z band at a transmission rate of R2. R1 1s 100 MHz, and R2 1s
2 MHz. As Serizawa explains, in such a system, “one base station and a plurality of
terminals perform wideband transmission over a millimeter [wave band] downlink
and relatively narrowband transmission over a 2.4-GHz-band uplink.” 1d., 19:47-63.
In Figure 19, the wideband downlink transmissions are illustrated by the wide arrows
(red), and the narrowband uplink transmissions are illustrated by the slim arrows

(blue).
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Id., Figs. 19 and 20.

64.

Like the *714 Patent, Serizawa’s 2.4-GHz uplink frequency band and

its 60-GHz downlink frequency band are separated by more than one octave.
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X.  SPECIFIC GROUNDS FOR PETITION

A.  Ground I: Claims 1-5, 11-17, 23-24, 31, and 32 Are Rendered
Obvious by Morikawa

1. Independent Claim 1

a. Preamble: “A method for increasing capacity of a
wireless data communication system, said method
comprising the steps of:”

65. I am of the opinion that, to the extent the preamble is limiting,
Morikawa discloses or renders it obvious. Morikawa discloses a wireless
communication system that uses “two different frequency bands for an up-link
channel and a down-link channel” to transmit data between a wireless base station
and wireless subscribers’ terminals in order to increase data capacity. Ex.1005,
[0002], [0009]-[0010]. Specifically, “the down-link channel from the wireless base
station to the subscriber’s terminal uses a frequency band corresponding to a sub-
millimeter waveband or millimeter waveband, such as 26-GHz, 28-GHz, 38-GHz,
and 42-GHz frequency band, and the up-link channel from the subscriber’s terminal
to the wireless base station uses an 2.4-GHz ISM band that does not need a license
from the authority.” /d., [0025].

66. This dual-spectrum configuration is advantageous because of the
“asymmetry of the traffic” between a base station and a subscriber station, whereby
large amounts of data are transmitted from the base station to the subscriber station

(downlink/downstream direction), whereas less data are typically sent in the reverse
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direction (uplink/upstream). Ex.1005, [0091]. Specifically, Morikawa explains that
the millimeter or sub-millimeter wave downlink bands have much greater
bandwidth—and thus can transmit much more data (at a higher rate)}—compared to
the 2.4-GHz uplink band. Ex.1005, 4 [0023] (“In the above configuration, the higher-
frequency band [sub-millimeter or millimeter wave band] is used for the [downlink]
channel transmitting larger capacity data, whereas the lower-frequency band is used
for the [uplink] channel transmitting smaller capacity data.”); Ex.1007, 1385 (“the
large spectrum availability of the MMW [(millimeter wave, e.g., 60-GHz)] band []
1s one of the main reasons for the interest in that frequency band.”). Thus,
Morikawa’s wireless communication increases data capacity, per the preamble of
claim 1.

67. In Morikawa, the downlink (e.g., 28-GHz) and uplink (2.4-GHz)
frequency bands are separated by more than one octave. Ex.1001, 4:22-25 (“As used
herein, a frequency octave is a doubling of frequencies. In other words, an octave is
an interval between two frequencies having a ratio of two-to-one.”); Ex.1014 (IEEE
Dict.) (an “octave” is “the interval between two frequencies having a ratio of 2 to
1.”). The >714 Patent recognizes that using bands separated by more than one octave
“increases the efficiency and capacity of a wireless data communication system by
allowing use of the full bandwidth available, in each band, to an operator.” Ex.1001,

4:18-22. Thus, Morikawa teaches increasing the capacity of a wireless data

31

TP Link Ex. 1002
Page 32



Declaration of Dr. Ding for Inter Partes Review of U.S. Patent No. 7,936,714 B1

communication system, which is the problem that the 714 Patent purports to
address.
b. Element [1.1]: “receiving, at a subscriber station, data

on a first frequency in a frequency band expected to
experience low interference”

68. In my opinion, Morikawa discloses this element or renders it obvious.
As shown below in Figure 1, Morikawa discloses that each wireless subscriber’s
terminal (12 to 12n) includes ““a receiver unit 21 [(red)] for receiving data of sub-
millimeter wave or a millimeter wave” frequency band, such as a 26-GHz, 28-GHz,
38-GHz, or 42-GHz frequency band. Ex.1005, [0030], [0027].

69. Morikawa explains that those millimeter/sub-millimeter downlink
frequency bands are licensed. /d., [0044] (“[U]sing a 2.4-GHz ISM band [for] the
up-link channel while a sub-millimeter or millimeter waveband [is used for] the
down-link channel ... [helps] achieve a low-cost user’s terminal. The 2.4-GHz ISM
band is a non-licensed waveband, [therefore] a single license only on the [sub-
millimeter or millimeter] down-link channel can be sufficient for the service

operation, saving the running cost for the service.”).
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Id., Fig. 1.
70. The 28-GHz downlink frequency band discussed in Morikawa is the

LMDS licensed band, specifically discussed in the *714 Patent specification as an

example of licensed bands. Ex.1001, 2:38-47 (“FCC licensed and regulated bands

include ... [the] Local Multipoint Distribution Services (LMDS) [] 27.5 to 29.5 GHz

and 31.0 to 31.3 GHz bands.”); Ex.1020, 1236 (“Activity over the last several years,

both within the United States and abroad, has focused on the investigation, licensing,

and deployment of local wireless video distribution systems operating at frequencies

near 28- and 42-GHz. In Europe, the 40.5-42.5-GHz band has been proposed for

multipoint video distribution, while activity within the U.S. has been focused on
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operation within the 27.5-29.5-GHz band ... In the United States, microwave video
distribution at 28-GHz has been referred to as local multipoint distribution service
(LMDS).”); id., fn.1 (“In 1992, the FCC granted a license [] to CellularVision for
the deployment of their 28-GHz LMDS [(local multipoint distribution service)]
system ...”).

71.  According to the *714 Patent, a licensed band such as the 28-GHz band
is  “relatively interference-free[.]” Ex.1001, 3:37-40, Abstract (“relatively
interference free licensed bands”). I agree with this because, unlike unlicensed
bands, deployment in a licensed band requires planning permissions, which limits
potential sources of interference. Ex.1008, 239.

72. 1 am of the opinion that the millimeter/sub-millimeter frequency bands
(which I will refer to as MMW frequency bands) discussed in Morikawa, such as the
28-GHz band, are also expected to experience low interference because of the
physical characteristics of those high-frequency signals and the limited deployment
of systems that use those frequency bands, as was well-known in the art and
discussed in prior art publications. Ex.1010 (Prasad); Ex. 1007 (Andrisano).

73. In my opinion, a POSITA would have understood that MMW
frequency bands such as the 28-GHz band disclosed in Morikawa were not (and still

are not) commonly used.
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74.  This lack of real-world deployment was due to costs and certain
technical challenges, and not for lack of interest. In fact, the MMW frequency bands,
e.g., between 20-60 GHz, have long been of interest because larger bandwidth
channels are available in those frequency bands. Ex.1010, 885 (“With the growing
demand of wireless facilities in mobile, indoor and personal communications . . .,
the millimeter (mm) frequency band appears to be a strong candidate for the
future.”); id. (“A system which operates at 20-60 GHz” has the advantage “that this
frequency region is not in use by any other communications medium, so every
channel can be allocated a large bandwidth: 100 MHz channels can be used without
any bandwidth problems.”); Ex.1007, 1383 (“Due to spectrum congestion ... the
millimeter wave (MMW) band [is] a candidate for some of the most challenging
services to be provided in the next decade.”).

75.  With regard to the physical characteristics of MMW signals, it is my
opinion that a POSITA would have understood that MMW signals are short-range
signals that do not travel far and rely more on line-of-sight propagation. They are
also significantly attenuated by physical obstacles and hard building materials.

76. Those characteristics of MMW signals effectively shield different
MMW devices from one another, resulting in less interference, as was well-known
in the art. Ex.1010, 885-86 (millimeter wave signals are “shielded within [a] room

by the concrete or steel walls”); Ex.1007, 1384 (noting the “low number of
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interfering signal sources that are usually present in [a millimeter-wave] system,”
due to walls in an indoor environment and the fact that the signals do not travel as
far as lower frequency signals outdoors).

c. Element [1.2]: “transmitting, at said subscriber

station, data on a second frequency in a frequency
band expected to experience high interference”

77. In my opinion, Morikawa discloses this element or renders it obvious.
As shown below in Figure 1, Morikawa discloses that each of the wireless
subscriber’s terminals (121 to 12n) includes “a 2.4-GHz-ISM-band transmitter unit
22 [(blue)] for transmitting data through the down-link [(sic, up-link)] channel.”
Ex.1005, [0030], [0027]. Because Morikawa teaches a subscriber station
transmitting data in the 2.4-GHz band and receiving data in the different 28-GHz
band, as detailed in Section X.A.1.(b), Therefore, [ am of the opinion that Morikawa
satisfies Petitioner’s construction requiring that separate bands are used for receiving
and transmitting (and also satisfies Patent Owner’s plain meaning construction).
Moreover, each frequency band satisfies the plain meaning of a “generally
contiguous portion of the electromagnetic spectrum which is regulated by a
governmental entity, such as the Federal Communications Commission (FCC) for

the United States.” Ex.1030, Attachment A at 1; see also Sections X.A.6-7.
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Ex.1005, Fig. 1.3

78.

The 2.4-GHz ISM (Industrial, Scientific and Medical) band used for

uplink in Morikawa is an unlicensed band. 1d., [0025] (“[ T]he up-link channel from

the subscriber’s terminal to the wireless base station uses an 2.4-GHZ ISM band that

does not need a license from the authority.”), [0044] (“The 2.4-GHz ISM band is a

non-licensed waveband”).

3

I note that Figure 1 illustrates an embodiment in which the subscriber’s terminal

includes ““a 2.4-GHz transmitter/receiver unit” instead of a 2.4-GHz transmitter

only unit, which is the configuration I use for claim mapping. Ex.1005, [0030].
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79. Thus, as the 714 Patent recognizes, “a significant amount of
interference may be present” in this band. Ex.1001, 3:23-26; id., 3:5-8 (“operators
are not protected from possible interference” in unlicensed bands), 4:10-11 (an
unlicensed band is “noisier” compared to a licensed band). I agree.

80. Inmy opinion, a POSITA would also have understood that the 2.4-GHz
ISM band is expected to experience high interference due to the fact that this band
is shared by many types of consumer devices, such as WiFi and Bluetooth devices,
cordless phones, TV redistribution systems, and microwave ovens, among others,
and therefore is often congested. Ex.1008, 239. This would be the case for example
during the day in dense urban settings where lots of these devices are used in close
proximity of one another.

81.  This is because no permission license is required for transmission in an
unlicensed band, and thus 2.4-GHz consumer devices “may be deployed in an
anarchic way and interfere[] with each other if they are within range.” Id. For those
reasons, it was well-known that 2.4 GHz ISM devices face “a hostile radio
environment that includes . . . abundant electromagnetic interference.” Ex.1009,
11.

d. Element [1.3]: “wherein said low interference

frequency band and said high interference frequency
are separated by at least one octave; and”
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82. In my opinion, Morikawa discloses this element. Each MMW band
used for downlink transmission in Morikawa, such as the 28-GHz LMDS band, is a
low interference frequency band, as I explain above. See Section X.A.1(b); Ex.1005,
Fig. 1, 94 [0021]-[0022], [0025]-[0027].

83.  The 2.4-GHz ISM band used for uplink transmission in Morikawa is a
high interference frequency band, as also discussed above. See Section X.A.1(c);
Ex.1005, Fig. 1, 99 [0021]-[0022], [0025]-[0027].

84. Moreover, each of Morikawa’s low interference frequency bands, such
as the 28-GHz LMDS band, is separated from Morikawa’s 2.4-GHz high
interference frequency band by at least one octave. Ex.1014 (IEEE Dict.) (an
“octave” 1s “the interval between two frequencies having a ratio of 2 to 1.”). For
example, the ratio between Morikawa’s 28-GHz LMDS and 2.4-GHz ISM
frequencies is 11.66, which is more than one octave.

e. Element [1.4]: “wherein at least a portion of said

receiving and at least a portion of said transmitting
occur at the same time.”

85. Inmy opinion, Morikawa discloses or renders obvious this element. As
I discussed above, Morikawa discloses that each of the subscriber’s terminals (12
to 12n) uses separate uplink and downlink frequency bands to transmit and receive
data. This multiple access technique, called frequency division duplexing or FDD,

allows two-way communication whereby the transmission and reception of data
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occur at the same time. Ex.1015, 103 (“[An] approach to duplexing is to employ two
different frequency bands for the transmit and receive paths. Called ‘frequency-
division duplexing’ (FDD) [], this technique incorporates bandpass filters to isolate
the two paths, allowing simultaneous transmission and reception.”); Ex.1001, 1:65-
67 (“In FDD, a base station may simultaneously transmit and receive, and a
subscriber station may simultaneously transmit and receive.”).

86. Morikawa Figure 1 below confirms this. The figure shows that each
subscriber’s unit includes “a receiver unit 21 [(red)] for receiving data of sub-
millimeter wave or a millimeter wave” that is separate from “a 2.4-GHz-ISM-band

transmitter unit 22 [(blue)] for transmitting data.” Ex.1005, 49 [0030], [0027].
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Id., Fig. 1.

87. In my opinion, a POSITA would have understood and found obvious
that the separate receiver and transmitter units at each subscriber’s terminal allow
for concurrent, two-way, uplink and downlink transmissions over separate frequency
bands. Such two-way communication is illustrated by the arrows (annotated UL and
DL) in Morikawa Figure 1. It would not make sense to view Morikawa as teaching
one-way transmission at a time, because that would not support the most basic two-
way communication. This is in contrast to the Mangal prior art distinguished during

prosecution of the *714 Patent, which teaches two-way communication over one
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band at a time, whereby “the exchange of data both upstream and downstream ...
occurs in only the selected band at any given time in Mangal.” Ex.1004, 372.

2. Dependent Claim 2

a. “The method of claim 1 wherein said data is frequency
division duplexed.”

88. In my opinion, Morikawa discloses or renders obvious the additional
element of this claim.

89.  Frequency division duplexing refers to the use of two different
frequency bands (or isolated channels) for the transmit and receive paths, allowing
simultaneous two-way transmission and reception. Ex.1015, 103 (“[ An] approach to
duplexing is to employ two different frequency bands for the transmit and receive
paths. Called ‘frequency-division duplexing’ (FDD) [], this technique incorporates
bandpass filters to isolate the two paths, allowing simultaneous transmission and
reception.”); Ex.1001, 1:65-67.

90. Morikawa discloses frequency-division duplexing (FDD) operation
because each wireless subscriber’s terminal transmits data on the 2.4-GHz ISM band
and simultaneously receives data on a separate MMW band such as the 28-GHz
LMDS band, using separate transmitter and receiver circuitry. See Sections
X.A.1(b)-(c); Ex.1005, Fig. 1, 99 [0030], [0027].

3. Dependent Claim 3

a. Preamble: “The method of claim 1 further
comprising:”
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91.

reasons explained in Section X.A.1.

92.

In my opinion, Morikawa at least renders obvious claim 1 for the

b. Element [3.1]: “receiving, at a base station, data on
said second frequency in said interference frequency
band expected to experience high interference”

In my opinion, Morikawa discloses or renders obvious this element. As

shown below in Figure 1, Morikawa discloses that the wireless base station 11

includes “receiver unit 26 [(blue)] for receiving a 2.4-GHz frequency band].]”

Ex.1005, 94 [0028], [0027].
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Id., Fig. 1.*

93. That frequency band is unlicensed and is expected to experience high
interference, as I discussed above. Id., [0025] (“the up-link channel from the
subscriber’s terminal to the wireless base station uses an 2.4-GHZ ISM band that
does not need a license from the authority.”); see also Section X.A.1(c); Ex.1008,
239; Ex.1009, 11.

c. Element [3.2]: “transmitting, at said base station, data

on said first frequency in said frequency band expected
to experience low interference”

94. In my opinion, Morikawa discloses or renders obvious this element. As
shown below in Figure 1, Morikawa discloses that the wireless base station 11
includes “a millimeter/sub-millimeter wave transmitter unit 25 [(red)] for
transmitting a sub-millimeter wave or millimeter wave,” such as a 26-GHz, 28-GHz,
38-GHz, or 42-GHz band, containing data. Ex.1005, 99 [0028], [0027]. Because
Morikawa teaches a base station transmitting data in the 28-GHz band and receiving

data in the different 2.4-GHz band, as detailed in Section X.A.3.(b), I am of the

* Figure 1 illustrates an embodiment in which the base station includes “a

transmitter/receiver unit 26” (illustrated in Figure 1) instead of a receiver only
unit for receiving a 2.4-GHz ISM band, which is the configuration I use for claim
mapping. Ex.1005, 4 [0028].
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opinion that Morikawa satisfies Petitioner’s construction requiring that separate

bands are used for receiving and transmitting.

27
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Ex.1005, Fig. 1.

95. A MMW band such as the 28-GHz LMDS licensed band is expected to

experience low interference, as I discussed above. See Section X.A.1(b); Ex.1010,

885-86 (in indoor environments, millimeter wave devices tend to not interface with

one another because millimeter wave signals are “shielded within [a] room by the

concrete or steel walls”); Ex.1007, 1383-84 (noting the “low number of interfering

signal sources that are usually present in [a millimeter-wave] system,” due to walls

in an indoor environment and the fact that the signals do not travel as far as lower
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frequency signals outdoors); Ex.1001, 2:38-47 (“FCC licensed and regulated bands”
include the 28-GHz LMDS band), 3:37-40 (discussing “relatively interference-free
licensed bands”).

d. Element [3.3]: “wherein said first frequency and said
second frequency are separated by at least one octave.”

96. In my opinion, Morikawa discloses or renders obvious this element.
The first frequency (e.g., 28-GHz) and second frequency (2.4-GHz) are separated by
at least one octave. See Section X.A.1(d).

4. Dependent Claim 4

a. “The method of claim 3 wherein at least a portion of
said receiving at a base station and at least a portion of
said transmitting at a base station occur at the same
time.”

97. In my opinion, Morikawa discloses or renders obvious this element. As
I discussed above, Morikawa discloses that the base station uses separate frequency
bands to transmit and receive data. This technique, called frequency division
duplexing or FDD, allows simultaneous, two-way, transmission and reception.
Ex.1015 (Razavi), 103; Ex.1001, 1:65-67.

98. Morikawa Figure 1 confirms this. As shown below in Figure 1,
Morikawa discloses that the wireless base station 11 includes a “receiver unit 26
[(blue)] for receiving a 2.4-GHz frequency band,” and a separate “millimeter/sub-
millimeter wave transmitter unit 25 [(red)] for transmitting a sub-millimeter wave or

millimeter wave.” Ex.1005, 99 [0028], [0027].
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99. In my opinion, a POSITA would have understood and found obvious

that the separate receiver and transmitter units are used to transmit and receive data

in different frequency bands at the same time (concurrently). See Section X.A.1(e).

This allows for two-way communication over two separate frequency bands (one for

uplink, the other for downlink). This is in contrast to the Mangal prior art

distinguished during prosecution of the

714 Patent,

in which two-way

communication occurs over one frequency band at a time: “the exchange of data
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both upstream and downstream ... occurs in only the selected band at any given
time in Mangal.” Ex.1004, 372.

5. Dependent Claim 5

a. “The method of claim 3 wherein said data is frequency
division duplexed.”

100. In my opinion, Morikawa discloses or renders obvious this element.

101. As discussed above, frequency division duplexing refers to the use of
two different frequency bands (or isolated channels) for the transmit and receive
paths, allowing simultaneous two-way transmission and reception. Ex.1015
(Razavi), 103; Ex.1001, 1:65-67. In Morikawa, the data is frequency division
duplexed because each base station receives data on the 2.4-GHz ISM band and
simultaneously transmits data on a separate millimeter/sub-millimeter band such as
the 28-GHz LMDS band, using separate transmitter and receiver circuitry as shown
in Figure 1. See Sections X.A.3(b)-(c); Ex.1005, Fig. 1, 99 [0028], [0027].

6. Dependent Claim 11

a. “The method of claim 1 wherein said interference
frequency band expected to experience low
interference is determined to be low interference and
said interference frequency band expected to
experience high interference is determined to be high
interference according to regulation of each of said
frequency bands by a governmental entity.”

102. In my opinion, Morikawa discloses or renders obvious this element. As

I discussed above, a POSITA would have understood and found obvious that
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Morikawa’s 28-GHz LMDS band is expected to experience low interference because
it was not commonly used and because of the short range and high attenuation
characteristics of its millimeter-wave signals. See Section X.A.1(b).

103. In addition, this band is a licensed band according to FCC regulation,
and a POSITA would have understood and found obvious that such regulation helps
reduce congestion and potential sources of interference. Ex.1020, fn.1 (“In 1992, the
FCC granted a license [] to CellularVision for the deployment of their 28-GHz
LMDS system ...”); Ex.1001, 2:38-47 (“FCC licensed and regulated bands include”
the 28-GHz LMDS band).

104. In contrast to that, as I also discussed above, Morikawa’s 2.4-GHz ISM
band is expected to experience high interference because it is an unlicensed band
according to regulation in the United States (FCC regulation) and other countries.
See Section X.A.1(c); Ex.1008, 239; Ex.1005, [0021] (describing the 2.4-GHz ISM

(113

band as a “non-licensed frequency band” and explaining that “‘non-licensed band’
as used herein means that a license from the Ministry of Posts and
Telecommunications is not needed”), [0025] (“the uplink channel from the
subscriber’s terminal to the wireless base station uses an 2.4-GHZ ISM band that

does not need a license from the authority.”); Ex.1031, 195 (“[T]he 2.4 GHz band

[1s] designated for ISM applications as provided in the USA according to FCC
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15.247, in Europe by ETS 300-328, and in other countries according to 15.4.6.2.”),
216.

105. In my opinion, a POSITA would have understood that whether a band
is licensed or unlicensed according to government regulation affects interference.
According to the ’714 Patent, a licensed band is expected to experience low
interference, while an unlicensed band is expected to experience high interference.
Ex.1001, 3:30-40 (“relatively interference-free licensed bands for data
transmissions from a hub to subscribers”), 3:23-26 (“the unlicensed bands [may
experience] a significant amount of interference”), 4:7-12 (“[T]he less noisy
licensed band frequency is preferably used to transmit data downstream from the
hub to the subscriber while the noisier unlicensed band frequency is preferably used
to transmit upstream data from a subscriber to the hub.”). This is generally true
(though could vary depending on contexts) because no permission is required for
operation in an unlicensed band, and thus many different industrial and consumer
devices can operate over the same unlicensed band in close proximity of one another
and interfere with one another. See Section X.A.1(c).

7. Dependent Claim 12

a. “The method of claim 11 wherein said governmental
entity is the FCC.”

106. In my opinion, Morikawa discloses or renders obvious this element.

Morikawa explains that the 2.4-GHz ISM band is an unlicensed band according to
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FCC regulation. Ex.1005, [0021], [0025] (“the uplink channel from the subscriber’s
terminal to the wireless base station uses an 2.4-GHZ ISM band that does not need
a license from the authority.”), [0044], [0090] (discussing the use of “different non-
licensed frequencies” according to “the FCC in the USA” such as “the combination
of [the 5-GHz] U-NII band and [the 2.4-GHz] ISM band”); see also Ex.1001, 1:42-
47 (“[A] band is a generally contiguous portion of the electromagnetic spectrum
which is regulated by a governmental entity, such as the Federal Communications
Commission (FCC) for the United States|[.]”).

107. In addition, Morikawa’s 28-GHz LMDS band is a licensed band
according to FCC regulation. Ex.1020, fn.1 (“In 1992, the FCC granted a license []
to CellularVision for the deployment of their 28-GHz LMDS system ...”); Ex.1001,
2:38-47 (“FCC licensed and regulated bands include” the 28-GHz LMDS band).

8. Independent Claim 13

a. Preamble: “A method for increasing capacity of a
wireless data communication system, said method
comprising the steps of:”

108. To the extent the preamble is limiting, Morikawa discloses it or renders
it obvious in my opinion for the reasons explained in Section X.A.1(a).

b. Element [13.1]: “transmitting, at a base station, data
on a first frequency in a frequency band expected to
experience low interference”

109. In my opinion, Morikawa discloses or renders obvious this element for

the reasons explained in Section X.A.3(c).
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c. Element [13.2]: “receiving, at said base station, data on
a second frequency in a frequency band expected to
experience high interference”

110. In my opinion, Morikawa discloses or renders obvious this element for
the reasons explained in Section X.A.3(b).

d. Element [13.3]: “wherein said first frequency and said
second frequency are separated by at least one octave;
and”

111. In my opinion, Morikawa discloses or renders obvious this element for
the reasons explained in Section X.A.3(d).

e. Element [13.4]: “wherein at least a portion of said
receiving and at least a portion of said transmitting
occur at the same time.”

112. In my opinion, Morikawa discloses or renders obvious this element for
the reasons explained in Section X.A 4.

9. Dependent Claim 14

a. “The method of claim 13 wherein said data is
frequency division duplexed.”

113. In my opinion, Morikawa discloses or renders obvious this element for
the reasons explained in Section X.A.5.

10. Dependent Claim 15

a. Preamble: “The method of claim 13 further
comprising:

114. In my opinion, Morikawa discloses or renders obvious claim 13 for the
reasons explained in Section X.A.8.
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b. Element [15.1]: “receiving, at a subscriber station, data
on said first frequency in said frequency band expected
to experience low interference”

115. In my opinion, Morikawa discloses or renders obvious this element for
the reasons explained in Section X.A.1(b).

c. Element [15.2]: “transmitting, at said subscriber
station, data on said second frequency in said
frequency band expected to experience high
interference”

116. In my opinion, Morikawa discloses or renders obvious this element for
the reasons explained in Section X.A.1(c).

d. Element [15.3]: “wherein said first frequency and said
second frequency are separated by at least one octave.”

117. This element is in substance the same as element [1.3]. In my opinion,
Morikawa discloses or renders obvious this element for the reasons explained in
Section X.A.1(d).

11. Dependent Claim 16

a. “The method of claim 15 wherein at least a portion of
said receiving at a subscriber station and at least a
portion of said transmitting at a subscriber station
occur at the same time.”

118. This element is in substance the same as element [1.4]. In my opinion,
Morikawa discloses or renders obvious this element for the reasons explained in
Section X.A.1(e).

12. Dependent Claim 17
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a. “The method of claim 15 wherein said data is
frequency division duplexed.”

119. In my opinion, Morikawa discloses or renders obvious this element for
the reasons explained in Section X.A.2.

13. Dependent Claim 23

a. “The method of claim 13 wherein said frequency band
is determined to be low interference and said
frequency band expected to experience high
interference is determined to be high interference
according to regulation of each of said frequency bands
by a governmental entity.”

120. In my opinion, Morikawa discloses or renders obvious this element for
the reasons explained in Section X.A.6.

14. Dependent Claim 24

a. “The method of claim 23 wherein said governmental
entity is the FCC.”

121. In my opinion, Morikawa discloses or renders obvious this element for
the reasons explained in Section X.A.7.

15. Independent Claim 31

a. Preamble: “A method for increasing capacity of a
wireless data communication system, said method
comprising the steps of:”

122. To the extent the preamble is limiting, Morikawa discloses it or renders
it obvious in my opinion for the reasons explained in Section X.A.1(a).

b. Element [31.1]: “receiving, at a subscriber station, data
on a first frequency in a frequency band expected to
experience low interference”
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123. In my opinion, Morikawa discloses or renders obvious this element for
the reasons explained in Section X.A.1(b).
c. Element [31.2]: “transmitting, at said subscriber

station, data on a second frequency in a frequency
band expected to experience high interference”

124. In my opinion, Morikawa discloses or renders obvious this element for
the reasons explained in Section X.A.1(c).
d. Element [31.3]: “wherein said low interference

frequency band and said high interference frequency
band are separated by at least one octave; and”

125. In my opinion, Morikawa discloses or renders obvious this element for
the reasons explained in Section X.A.1(d).
e. Element [31.4]: “wherein said transmitting and said

receiving occur during the same communication
session.”

126. In my opinion, Morikawa discloses or renders obvious this element. As
I discussed above, Morikawa teaches frequency division duplexing allowing
concurrent, parallel transmission and reception of data over different frequency
bands during the same communication session. See Section X.A.l(e). This is in
contrast to the Mangal prior art distinguished during prosecution of the *714 Patent.
Ex.1004, 376 (“[T]he queuing methods and reverse tear down of Mangal indicate
both upstream and downstream data exchange ... in a given communication session
occur in only the selected frequency band. Therefore, Mangal does not satisfy the

limitation receiving on the low interference band and transmitting on the high
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interference band occur in the same communication session.”) (bolding added, other
emphasis in file history).

16. Independent Claim 32

a. “Preamble: “A method for increasing capacity of a
wireless data communication system, said method
comprising the steps of:”

127. To the extent the preamble is limiting, Morikawa discloses it or renders
it obvious in my opinion for the reasons explained in Section X.A.8(a).

b. “Element [32.1]: “transmitting, at a base station, data
on a first frequency in a first frequency band expected
to experience low interference”

128. In my opinion, Morikawa discloses or renders obvious this element for
the reasons explained in Section X.A.8(b).

c. “Element [32.2]: “receiving, at said base station, data
on a second frequency in a second frequency band
expected to experience high interference”

129. In my opinion, Morikawa discloses or renders obvious this element for
the reasons explained in Section X.A.8(c).

d. “Element [32.3]: “wherein said first frequency and
said second frequency are separated by at least one
octave; and”

130. In my opinion, Morikawa discloses or renders obvious this element for
the reasons explained in Section X.A.8(d).

e. Element [32.4]: “wherein said transmitting and said
receiving occur during the same communication
session.”
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131. Inmy opinion, Morikawa discloses or renders obvious this element. As
I discussed above, Morikawa teaches frequency division duplexing allowing
concurrent, parallel transmission and reception of data over different frequency
bands during the same communication session. See Section X.A.8(e). This is in
contrast to the Mangal prior art distinguished during prosecution of the *714 Patent.
Ex.1004, 376 (“[T]he queuing methods and reverse tear down of Mangal indicate
both upstream and downstream data exchange ... in a given communication session
occur in only the selected frequency band. Therefore, Mangal does not satisfy the
limitation receiving on the low interference band and transmitting on the high
interference band occur in the same communication session.”) (bolding added, other
emphasis in file history).

B. Ground II: Claims 1-5, 13-17, 31, and 32 Are Rendered Obvious
by Serizawa

1. Independent Claim 1

a. Preamble: “A method for increasing capacity of a
wireless data communication system, said method
comprising the steps of:”

132. To the extent the preamble is limiting, Serizawa discloses it or renders
it obvious in my opinion. Serizawa is directed to a wireless communication system
having a “super highspeed downlink (abbreviated SDL . . .), which has a relatively
high transmission rate on the downlink, which is the radio transmission path from
the base station to the terminal, in comparison with the transmission rate on the
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uplink, which is the radio transmission path from the terminal to the base station.”
Ex.1006, 1:9-17; id., Abstract (““A large amount of user information is transmitted
with good efficiency by means of a high-speed downlink by making transmission
rates of an uplink and downlink asymmetrical.”).

133. Serizawa discloses that an “object of the present invention is to provide
radio communication system capable of an increase in the frequency bandwidth
used to a bandwidth equivalent to that used in cable communication systems.” /d.,
3:56-59. Specifically, Serizawa’s relatively high downlink transmission rate makes
it “possible to send a large amount of user information from the base station to the
terminal at high speed, thereby sufficiently meeting user requirements, while making
effective use of the frequency spectrum.” Id., 6:11-19.

134. Specifically, in its fifteenth embodiment, Serizawa discloses downlink
transmissions “[f]Jrom the radio base station 501 to each of the portable terminals
502 [] in the 60-GHZ band,” and uplink transmissions “[fJrom each of the portable
terminals 502 to the radio base station 501 [] in the 2.4-GHz band[.]” 1d., 19:47-63.

135. The downlink (60-GHz) and uplink (2.4-GHz) frequency bands in
Serizawa are separated by more than one octave. Ex.1014 (IEEE Dict.) (an “octave”
is “the interval between two frequencies having a ratio of 2 to 1.”). The 714 Patent

recognizes that using bands separated by more than one octave “increases the
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efficiency and capacity of a wireless data communication system by allowing use of

the full bandwidth available, in each band, to an operator.” Ex.1001, 4:18-22.

136.

b. Element [1.1]: “receiving, at a subscriber station, data
on a first frequency in a frequency band expected to

experience low interference”

In my opinion, Serizawa discloses or renders obvious this element. As

shown below in Figures 19 and 20, Serizawa discloses that each portable radio

terminal 502 (claimed subscriber station) receives downlink transmissions “on

frequencies fi, f1’, f1” [(red)] in the 60-GHZz band,” which is a millimeter wave band.

Ex.1006, 19:47-63.
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Id., Fig. 19.
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137. A MMW band such as the 60-GHz band is expected to experience low

interference, as I discussed above. See Section X.A.1(b); Ex.1010, 885-86 (in indoor

environments, millimeter wave devices tend to not interface with one another

because millimeter wave signals are “shielded within [a] room by the concrete or

steel walls”); Ex.1007, 1383-84 (noting the “low number of interfering signal

sources that are usually present in [a millimeter-wave] system,” due to walls in an

indoor environment, the fact that millimeter-wave signals do not travel as far as

lower frequency signals outdoors, and, particularly for the “60-64-GHz band,”

pronounced attenuation over any substantial distance due to “oxygen and rain

absorption”).
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138. The 60-GHz band is also expected to experience low interference
because, as Serizawa explains, that frequency band is among ‘“‘unused”
millimeter/sub-millimeter bands. Ex.1006, 1:46-50 (“because the frequency
spectrum resources for radio are limited, . . . it [is] desirable that higher, unused
frequencies (such as sub-millimeter and millimeter bands) be developed.”), 22:4-7.

c. Element [1.2]: “transmitting, at said subscriber

station, data on a second frequency in a frequency
band expected to experience high interference”

139. In my opinion, Serizawa discloses or renders obvious this element. As
shown below in Figures 19 and 20, Serizawa discloses that each portable radio
terminal 502 (subscriber station) transmits uplink transmissions “on frequencies f2,
£2’, and £2” [(blue)] in the 2.4-GHz band|[.]” Ex.1006, 19:47-63. Because Serizawa
teaches a subscriber station transmitting data in the 2.4-GHz band and receiving data
in the different 60-GHz band, as detailed in Section X.B.1.(b), Thus, in my opinion,
Serizawa satisfies Petitioner’s construction requiring that separate bands are used for
receiving and transmitting (and satisfies Patent Owner’s plain meaning
construction). Moreover, as was well-known in the art, each frequency band is a
“generally contiguous portion of the electromagnetic spectrum which is regulated
by a governmental entity, such as the Federal Communications Commission (FCC)

for the United States.” Ex.1030, Attachment A at 1.
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140. In my opinion, a POSITA would have understood and found obvious

that the 2.4-GHz band discussed in Serizawa is the 2.4-GHz ISM (Industrial,
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Scientific and Medical) band that is unlicensed in Japan and other countries and is
expected to experience high interference, as I discussed above. See Section X.A.1(c);
Ex.1031, 195 (“[T]he 2.4 GHz band [is] designated for ISM applications as provided
in the USA according to FCC 15.247, in Europe by ETS 300-328, and in other
countries according to 15.4.6.2.”), 216 (discussing regulation of the 2.4 GHz band
by regulatory authorities in the United States, Europe and Japan); Ex.1008, 239
(“The fact that the [2.4-GHz ISM] band is unlicensed means that the deployment of
such systems doesn’t require any planning permissions, so system[s] may be
deployed in an anarchic way and interfere[] with each other if they are within
range.”); Ex.1009, 11.

d. Element [1.3]: “wherein said low interference

frequency band and said high interference frequency
are separated by at least one octave; and”

141. In my opinion, Serizawa discloses this element or renders it obvious.
Serizawa’s 60-GHz downlink band is a low interference frequency band, as detailed
above. See Sections X.A.1(b), X.B.1(b); Ex.1006, Figs. 19-20, 19:47-63. Serizawa’s
2.4-GHz uplink band is a high interference frequency band, as also discussed above.
See Sections X.A.1(c), X.B.1(c); Ex.1006, Figs. 19-20, 19:47-63. The ratio of
Serizawa’s 60-GHz low interference frequency band and Serizawa’s 2.4-GHz high
interference frequency band is 25, which is at least one octave. Ex.1014 (IEEE Dict.)

(an “octave” is “the interval between two frequencies having a ratio of 2 to 1.”).
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e. Element [1.4]: “wherein at least a portion of said
receiving and at least a portion of said transmitting
occur at the same time.”

142. In my opinion, Serizawa discloses or renders obvious this element.
Serizawa discloses that “frequency multiplexing is used on both the uplink and the
downlink[.]” Ex.1006, 19:66-20:3. Frequency multiplexing, also known as
frequency division multiple access, is a technique that allows simultaneous
transmission and reception over different frequencies. Ex.1015 (Razavi), 105. For
example, Serizawa Figure 19 illustrates that the leftmost user radio terminal 502
(subscriber station) transmits data to a base station 501 over the uplink frequency 2
(blue arrow) while it receives data from the base station over the different downlink

frequency f1 (red arrow) at the same time, to form a two-way communication.

64

TP Link Ex. 1002
Page 65



Declaration of Dr. Ding for Inter Partes Review of U.S. Patent No. 7,936,714 B1

Ex.1006, FIG. 19.

143. Serizawa Figure 3 below further confirms this. The figure shows two-

way uplink and downlink communications taking place at the same time. The uplink

communication (blue) involves “low-speed” transmission of a “narrowband signal”

over a “low frequency” band (the 2.4 GHz ISM band), whereas downlink

communication (red) involves a different “high-speed” transmission of a “wideband

signal” over a separate “high frequency” band (the 60-GHz millimeter wave band).

Ex.1006, 9:43-10:22.
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144. In my opinion, a POSITA would have understood that the separate
receiver and transmitter units at each terminal allow for concurrent uplink and
downlink transmissions supporting two-way communication over different
frequency bands. This is in contrast to the Mangal prior art distinguished during
prosecution of the *714 Patent, in which “the exchange of data both upstream and
downstream ... occurs in only the selected band at any given time ...”. Ex.1004,
372.

2. Dependent Claim 2

a. “The method of claim 1 wherein said data is frequency
division duplexed.”

145. In my opinion, Serizawa discloses or renders obvious the additional

element of this claim. Serizawa discloses that “frequency multiplexing is used on
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both the uplink and the downlink[.]” Ex.1006, 19:66-20:3. Frequency multiplexing
refers to the use of different frequency bands (or isolated channels) for the transmit
and receive paths, allowing simultaneous transmission and reception; it is also
known as frequency division duplexing when two separate bands are used to transmit
and receive data. Ex.1015 (Razavi), 103, 105.

146. Serizawa further confirms that each terminal transmits data on the 2.4-
GHz band and receives data on the 60-GHz millimeter band, using separate
transmitter and receiver circuitry. See Sections X.B.1(b)-(¢), X.B.1(e); Ex.1006, Fig.
3, Figs. 19-20, 19:47-63.

3. Dependent Claim 3

a. Preamble: “The method of claim 1 further
comprising:”

147. In my opinion, Serizawa discloses or renders obvious claim 1 for the
reasons explained in Section X.B.1.
b. Element [3.1]: “receiving, at a base station, data on

said second frequency in said interference frequency
band expected to experience high interference”

148. In my opinion, Serizawa discloses or renders obvious this element. As
shown below in Figures 19 and 20, Serizawa discloses that the radio base station 501
receives uplink data transmissions “on frequencies >, >°, and £2” [(blue)] in the 2.4-

GHz band[.]” Ex.1006, 19:47-63.
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149. In my opinion, a POSITA would have understood that the 2.4-GHz ISM

band is expected to experience high interference, as explained in the *714 patent and
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as I discussed above. See Section X.B.1(c); Ex.1008, 239 (“The fact that the [2.4-
GHz ISM] band is unlicensed means that the deployment of such systems doesn’t
require any planning permissions, so system[s] may be deployed in an anarchic way
and interferef[] with each other if they are within range.”); Ex.1009, 11.

c. Element [3.2]: “transmitting, at said base station, data

on said first frequency in said frequency band expected
to experience low interference”

150. In my opinion, Serizawa discloses or renders obvious this element. As
shown below in Figures 19 and 20, Serizawa discloses that the radio base station 501
transmits downlink data transmissions “on frequencies fi, fi’, fi”’ [(red)] in the 60-
GHz band,” which 1s a millimeter wave band. Ex.1006, 19:47-63. Because Serizawa
teaches a base station transmitting in the 60-GHz band and receiving in the different
2.4-GHz band, as detailed in Section X.B.3.(b), it is my opinion that Serizawa
satisfies Petitioner’s construction requiring that separate bands are used for receiving

and transmitting.
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151.

A MMW band such as the 60-GHz band 1s expected to experience low

interference, as I discussed above. See Section X.B.1(b); Ex.1010, 885-86 (in indoor
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environments, millimeter wave devices tend to not interface with one another
because millimeter wave signals are “shielded within [a] room by the concrete or
steel walls”); Ex.1007, 1383-84 (noting the “low number of interfering signal
sources that are usually present in [a millimeter-wave] system,” due to walls in an
indoor environment, the fact that millimeter-wave signals do not travel as far as
lower frequency signals outdoors, and, particularly for the “60-64-GHz band,”
pronounced attenuation over any substantial distance due to “oxygen and rain
absorption”).

d. Element [3.3]: “wherein said first frequency and said
second frequency are separated by at least one octave.”

152. Inmy opinion, Serizawa discloses or renders obvious this element. The
first frequency (60-GHz) and second frequency (2.4-GHz) are separated by at least
one octave. See Section X.B.1(d).

4. Dependent Claim 4

a. “The method of claim 3 wherein at least a portion of
said receiving at a base station and at least a portion of
said transmitting at a base station occur at the same
time.”

153. In my opinion, Serizawa discloses or renders obvious this element. As
I discussed above, Serizawa discloses that “frequency multiplexing is used on both
the uplink and the downlink[.]” Ex.1006, 19:66-20:3. Frequency multiplexing is a
technique that allows simultaneous transmission and reception over different

frequencies. Ex.1015 (Razavi), 103, 105. Serizawa Figure 3 confirms this.
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154. As shown below in Figure 3, Serizawa discloses that the base station 5
has “a low-speed transmitting [(sic, receiving)] means 6 [(blue)] which receives a
radio signal at a relatively low transmission rate” that is separate from the “high-
speed receiving [(sic, transmitting)] means 7 [(red)] which transmits a radio signal

at a relatively high transmission rate.” Ex.1006, 9:46-57, 9:65-10:7.
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155. In my opinion, a POSITA would have understood that the separate
receiver and transmitter units allow for concurrent, parallel transmission and
reception of data over different frequency bands. See Section X.B.1(e). This is in
contrast to the Mangal prior art distinguished during prosecution of the *714 Patent.

Ex.1004, 372-73 (“the exchange of data both upstream and downstream ... occurs
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in only the selected band at any given time in Mangal. Therefore, Mangal does
not satisfy the limitation that receiving on the low interference band and transmitting

on the high interference band occur at the same time (emphasis added).”) (bolding

added, other emphasis in file history).

S. Dependent Claim 5

a. “The method of claim 3 wherein said data is frequency
division duplexed.”

156. In my opinion, Serizawa discloses or renders obvious this element.
Frequency division duplexing refers to the use of two different frequency bands (or
isolated channels) for the transmit and receive paths, allowing simultaneous
transmission and reception. Ex.1015 (Razavi), 103. Serizawa discloses that
“frequency multiplexing is used on both the uplink and the downlink[.]” Ex.1006,
19:66-20:3.

157. In my opinion, a POSITA would have understood that frequency
multiplexing involves at least two separate frequency bands (or isolated channels)
for transmission and reception, and is the same as frequency division duplexing
when two separate bands are used as taught in Serizawa. Serizawa further discloses
that each base station receives data on the 2.4-GHz band and transmits data on the
60-GHz millimeter band, using separate transmitter and receiver circuitry. See
Sections X.B.3(b)-(c), VII.B.4; Ex.1006, Fig. 3, Figs. 19-20, 19:47-63.

6. Independent Claim 13
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a. Preamble: “A method for increasing capacity of a
wireless data communication system, said method
comprising the steps of:”

158. To the extent the preamble is limiting, Serizawa discloses it or renders
it obvious in my opinion for the reasons explained in Section X.B.1(a).

b. Element [13.1]: “transmitting, at a base station, data
on a first frequency in a frequency band expected to
experience low interference”

159. In my opinion, Serizawa discloses or renders obvious this element for
the reasons explained in Section X.B.3(c).

c. Element [13.2]: “receiving, at said base station, data on
a second frequency in a frequency band expected to
experience high interference”

160. In my opinion, Serizawa discloses or renders obvious this element for
the reasons explained in Section X.B.3(b).

d. Element [13.3]: “wherein said first frequency and said
second frequency are separated by at least one octave;
and”

161. In my opinion, Serizawa discloses or renders obvious this element for
the reasons explained in Section X.B.3(d).
e. Element [13.4]: “wherein at least a portion of said

receiving and at least a portion of said transmitting
occur at the same time.”

162. In my opinion, Serizawa discloses or renders obvious this element for
the reasons explained in Section X.B.4.
7. Dependent Claim 14
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a. “The method of claim 13 wherein said data is
frequency division duplexed.”

163. In my opinion, Serizawa discloses or renders obvious this element for
the reasons explained in Section X.B.5.

8. Dependent Claim 15

a. Preamble: “The method of claim 13 further
comprising:

164. In my opinion, Serizawa discloses or renders obvious claim 13 for the

reasons explained in Section X.B.6.

b. Element [15.1]: “receiving, at a subscriber station, data
on said first frequency in said frequency band expected
to experience low interference”

165. In my opinion, Serizawa discloses or renders obvious this element for
the reasons explained in Section X.B.1(b).

c. Element [15.2]: “transmitting, at said subscriber
station, data on said second frequency in said
frequency band expected to experience high
interference”

166. In my opinion, Serizawa discloses or renders obvious this element for
the reasons explained in Section X.B.1(c).

d. Element [15.3]: “wherein said first frequency and said
second frequency are separated by at least one octave.”

167. In my opinion, Serizawa discloses or renders obvious this element for
the reasons explained in Section X.B.1(d).

9. Dependent Claim 16
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a. “The method of claim 15 wherein at least a portion of
said receiving at a subscriber station and at least a
portion of said transmitting at a subscriber station
occur at the same time.”

168. This element is in substance the same as element [1.4]. In my opinion,
Serizawa discloses or renders obvious this element for the reasons explained in
Section X.B.1(e).

10. Dependent Claim 17

a. “The method of claim 15 wherein said data is
frequency division duplexed.”

169. In my opinion, Serizawa discloses or renders obvious this element for
the reasons explained in Section X.B.2.

11. Independent Claim 31

a. Preamble: “A method for increasing capacity of a
wireless data communication system, said method
comprising the steps of:”

170. To the extent the preamble is limiting, Serizawa discloses it or renders
it obvious in my opinion for the reasons explained in Section X.B.1(a).

b. Element [31.1]: “receiving, at a subscriber station, data
on a first frequency in a frequency band expected to
experience low interference”

171. In my opinion, Serizawa discloses or renders obvious this element for
the reasons explained in Section X.B.1(b).

c. Element [31.2]: “transmitting, at said subscriber
station, data on a second frequency in a frequency
band expected to experience high interference”
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172. n my opinion, Serizawa discloses or renders obvious this element for
the reasons explained in Section X.B.1(c).
d. Element [31.3]: “wherein said low interference

frequency band and said high interference frequency
band are separated by at least one octave; and”

173. In my opinion, Serizawa discloses or renders obvious this element for
the reasons explained in Section X.B.1(d).
e. Element [31.4]: “wherein said transmitting and said

receiving occur during the same communication
session.”

174. In my opinion, Serizawa discloses or renders obvious this element. As
I discussed above, Serizawa teaches frequency multiplexing allowing transmission
and reception of data to occur over different frequency bands during the same
communication session. See Section X.B.1(e). This is in contrast to the Mangal prior
art distinguished during prosecution of the °714 Patent. Ex.1004, 376 (“[T]he
queuing methods and reverse tear down of Mangal indicate both upstream and
downstream data exchange ... in a given communication session occur in only the
selected frequency band. Therefore, Mangal does not satisfy the limitation
receiving on the low interference band and transmitting on the high interference
band occur in the same communication session.”) (bolding added, other emphasis in
file history).

12. Independent Claim 32
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a. “Preamble: “A method for increasing capacity of a
wireless data communication system, said method
comprising the steps of:”

175. To the extent the preamble is limiting, Serizawa discloses it or renders
it obvious in my opinions for the reasons explained in Section X.B.6(a).

b. “Element [32.1]: “transmitting, at a base station, data
on a first frequency in a first frequency band expected
to experience low interference”

176. In my opinion, Serizawa discloses or renders obvious this element for
the reasons explained in Section X.B.6(b).

c. “Element [32.2]: “receiving, at said base station, data
on a second frequency in a second frequency band
expected to experience high interference”

177. In my opinion, Serizawa discloses or renders obvious this element for
the reasons explained in Section X.B.6(c).

d. “Element [32.3]: “wherein said first frequency and
said second frequency are separated by at least one
octave; and”

178. In my opinion, Serizawa discloses or renders obvious this element for
the reasons explained in Section X.B.6(d).
e. Element [32.4]: “wherein said transmitting and said

receiving occur during the same communication
session.”

179. In my opinion, Serizawa discloses or renders obvious this element. As
I discussed above, Serizawa teaches frequency multiplexing allowing transmission
and reception of data to occur over different frequency bands during the same
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communication session. See Section X.B.6(e). This is in contrast to the Mangal prior
art distinguished during prosecution of the °714 Patent. Ex.1004, 376 (“[T]he
queuing methods and reverse tear down of Mangal indicate both upstream and
downstream data exchange ... in a given communication session occur in only the
selected frequency band. Therefore, Mangal does not satisfy the limitation
receiving on the low interference band and transmitting on the high interference
band occur in the same communication session.”) (bolding added, other emphasis in
file history).

C. Ground III: Claims 6-10, 18-22, and 25-30 Are Rendered Obvious
by Serizawa in View of Razavi and/or Ferry

1. Motivation to Combine

180. Claims 6-10, 18-22, and 25-30 are directed to filtering RF signals
received at a base station or subscriber stations. Ex.1001, claims 6-10, 18-22, 25-30.
The use of filters, such as bandpass filters (BPF) (red) and lowpass filters (LPF)
(blue), is depicted in Serizawa Figure 33, which illustrates the RF transmit and
receive chains of a subscriber station (user device such as a cell phone). Ex.1006,
24:15-16 (“FIG. 33 shows an example of the configuration of a portable electronic

apparatus used in an SDL[(super highspeed downlink)]-Net.”).
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Ex.1006, Fig. 33.

181. The top part of Figure 33 illustrates the transmit chain of a user device
in uplink, whereas the bottom part of Figure 33 illustrates the device’s RF receive
chain in downlink. /d., 24:17-27, 24:28-38 (“The downlink signal transmitted from
the base station is received by an antenna [(‘downlink circuit antenna’ in Fig. 33)]
and bandlimited by means of a bandpass filter (BPF) [(red)], after which it is
amplified by an LNA (low-noise amplifier). The output of the LNA is input to a
mixer ... The output of the mixer undergoes [filtering] by means of the LPF [(low
pass filter) (blue)], after which an A-D converter (ADC) converts [the LPF output to

a digital signal]. The ADC output (digital signal) is demodulated at the digital section

[(purple)].”).
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182. As shown in Figure 33 and would be well-known to one of skill in the
art in my opinion, received RF signals are filtered using band pass filter(s) (BPF)
(red), low pass filter(s) (LPF) (blue), and additional FIR filters in the digital domain
(purple). Ex.1015 (Razavi), 119-131, 147-148, 157-162.

183. In my opinion, a POSITA would have understood that filters are used
in the RF receive chain of a wireless communication device to attenuate (filter out)
unwanted signals or interferences that are out of the reception band. Ex.1015, 119-
131. For example, the Razavi textbook explains that a bandpass filter (magenta) is
commonly used to capture/select desired signals received in an RF channel (an
exemplary 30 kHz channel centered at 900 MHz is shown here) (blue), while
rejecting interference signals (red) present in frequency regions outside of the

bandpass (“out-of-band-rejection). Ex.1015, 119-120.

Bandpass
Filter

— 45 kHz ==
AN
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Ex.1015, Fig. 5-2; see also id., 123-126 and Figs. 5.9 and 5.10 (describing “image
reject” filters and “channel select” filters).

184. In my opinion, a POSITA would be motivated to combine Serizawa
with Razavi. Serizawa Figure 33 shows filtering of signals received in a wireless
communication device using different types of filters (e.g., BPF and LPF) but does
not discuss filter structures because those were well-known in the art.

185. It 1s my opinion that a POSITA would be motivated to consult Razavi,
a well-known textbook that explains the architecture of the RF receive and transmit
chains of wireless communication devices and the use of filters in those RF chains
in detail. A POSITA would also be motivated to consult Razavi because it provides
“a view of the state of the art [including] a study of five specific RF products [then]
currently used in wireless systems.” Ex.1005, 118 (Chapter 5 - “Transceiver
Architectures”).

186. It is my opinion that, significantly, Razavi describes wireless systems
that, like the *714 Patent, use separate frequency bands for simultaneous full-duplex
transmission and reception. Ex.1015, 103 (“[ An] approach to duplexing is to employ
two different bands for the transmit and receive paths. Called ‘frequency-division
duplexing’ (FDD) [] this technique incorporates bandpass filters (BPFs) to isolate
the two [(transmit and receive)] paths, allowing simultaneous transmission and

reception.”), 111 (use of FDD in AMPS wireless standards, one of “the earliest
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wireless standards”), 113 (use of FDD in GSM standards, then “the most widely
used cellular standard in the world.”).

187. While Serizawa Figure 33 illustrates RF transmit and receive chains of
a user device, in my opinion, a POSITA would have understood that Serizawa’s
wireless infrastructure devices (base stations/access points) also use filters such as
bandpass filters (BPF), low-pass filters (LPF), and FIR filters in their RF transmit
and receive chains for the same reasons they are used in user devices.

188. This is in fact shown in Figures 1A/1B of Ferry, which illustrate the
transmit and receive chains of a wireless base station/access point, connected to a
wireline network such as the Internet as shown in Figure 1A. Id.; Ex.1021, Figs.
1A/1B. As illustrated in Figure 1B below, the receive chain of an access point makes
extensive use of filters, such as bandpass filters (red) and lowpass filters (blue), to
filter out unwanted signals or interference—just like the receive chain of a user

device shown in Serizawa Figure 33. Ex.1021 (Ferry), Figs. 1A/1B.
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Ex.1021, Fig. 1B.

189. It is my opinion that a POSITA would have been motivated to combine
Serizawa, Razavi, and Ferry. Like Serizawa and Razavi, Ferry is directed to full
duplex wireless communication systems using separate transmit and receive
frequencies. Ex.1021, [0020], [0025], [0026].

190. Ferry provides additional exemplary details about the filters used in the
receive chain (and transmit chain) of those systems. Ex.1021, [0037] (“The RF
receive signal is then supplied to RF receive band-pass filter 125A [(in Figure 1A)]
... to filter any unwanted signals or interference. RF receive band-pass filter 125A
may comprise a tuned 5- or 7-pole combline filter to provide additional isolation

and separation ...”), [0039] (“BPF 134 filters the signal to reject any unwanted
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signals or interference. The IF receive signal is ... subsequently filtered by BPF
138. BPFs 134, 138 [(in Figure 1B below)]| may comprise surface acoustic wave
(SAW) filters.”).

2. Dependent Claim 6

a. “The method of claim 3 wherein said base station
performs higher order filtering on signals received at
said base station than said subscriber station performs
on signals received at said subscriber station.”

191. In my opinion, Serizawa, alone or in view of Razavi and/or Ferry,
renders obvious the additional element of claim 6.

192. Figure 33 of Serizawa shows that RF signals received at a subscriber
station (at the “downlink circuit antenna”) are filtered by a bandpass filter (BPF)
(red) to reject unwanted signals or interference. The RF signals are down-converted
to an intermediate IF frequency (“f2 carrier”) and the IF signals are further filtered
by a low pass filter (LPF) (blue), in particular to reject undesirable down-conversion
“images.” Ex.1006, 25:30-35 (using ‘““a lowpass filter (LPF) for the purpose of
eliminating image signals caused by the frequency [down]conversion”); Ex.1015,
123-124. Additional digital filtering using finite impulse response (FIR) filters is
performed in baseband in the digital section (purple), as would be well-known to

one of skill in the art. Ex.1006, 24:17-38.
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Ex.1006, Fig. 33.

193. In my opinion, a POSITA would understand that filters are primarily

used to attenuate (filter out) unwanted signals outside the band of interest, and that

a characteristic of a filter is the filter order, reflected in the number of poles of the

filters. Ex.1015, 119; Ex.1011, 18:9-18 (discussing “8" order Chebycheff filter” and

“4h order Butterworth filter” designed using “conventional” filter synthesis

techniques). Generally, a higher-order filter has more poles, has steeper roll-off

characteristics, and provides better attenuation of unwanted out-of-band signals than

a lower-order filter, but is more complex (i.e., costly) to design and implement.

Ex.1015, 162 (discussing “fifth-order low-pass filters” used in a GSM transceiver);

Ex.1021, [0037] (“RF receive band-pass filter 125A may comprise a tuned 5- or 7-

pole combline filter to provide additional isolation and separation ...”).
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194. Thus, in my opinion, a POSITA would have been motivated to reduce
the filter order of filters implemented in a subscriber station (such as a cell phone)
to reduce circuit area, chip size, and cost of the subscriber station. On the other hand,
a POSITA would have been less constrained in designing and implementing filters
in a base station and would have been motivated to use higher-order filters for better
performance. For that reason, a POSITA would have understood (and found it
obvious) that a base station would perform higher order filtering on signals received
at the base station than a subscriber station would perform on signals received at the
subscriber station, as required by the claim. In my opinion, use of such high-order
filtering with Serizawa as taught by Razavi and/or Ferry would be a combination of
prior art elements according to known methods to yield predictable results, as well
as application of a known technique to a known device ready for improvement to
yield predictable results.

195. In addition, it is my opinion that implementing higher order filters in
the base station (and, conversely, lower order in user devices) would have been
obvious to try with a reasonable likelihood of success. A POSITA would understand
that filters used in wireless transceivers—Iike the LPF (blue) and BPF (red) filters
in Serizawa’s transceiver illustrated in Figure 33—are “implemented by
conventional filter synthesis and design. Conventional filter designs include the

design and implementation of active and passive Bessel, Butterworth, Chebycheff,
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Gaussian, analog and digital filters and hybrid analog/digital filters.” Ex.1011
(Feher), 17:64-18:4. A POSITA would know how to implement these conventional
filter designs.

196. Moreover, in my opinion, a POSITA would have understood that the
2.4-GHz ISM signals received in a base station are much noisier signals compared
to the relatively interference-free 60-GHz millimeter-wave signals received in a
subscriber station, particularly due to the large number of interference sources (e.g.,
from other WiFi and Bluetooth devices, microwave ovens, garage door openers) that
operate in the same unlicensed 2.4-GHz band.

197. Thus, a POSITA would have understood (and found it obvious) that
high-order/high-complexity filters would be required in a base station to properly
filter out the unwanted noise and interference in the 2.4-GHz received signals. In
contrast to that, a POSITA would have understood that lower-order/lower-
complexity filters would suffice to handle the reasonably interference-free, cleaner
60-GHz millimeter-wave signals received in a subscriber station.

3. Dependent Claim 7

a. “The method of claim 6 wherein the filtering
performed at said base station is performed by a multi-
pole filter.”

198. In my opinion, Serizawa, alone or in view of Razavi and/or Ferry,

renders obvious the additional limitation of claim 7. As I discussed above, high-
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order, multi-pole filters are typically used by base stations to provide good
attenuation of unwanted signals or interference. Ex.1021, [0037] (“RF receive band-
pass filter 125A may comprise a tuned 5- or 7-pole combline filter to provide
additional isolation and separation ...”); Ex.1015, 119 (discussing multi-pole
“second-order LC filter [] to provide 60 dB of attenuation ...”), 162 (discussing
multi-pole “fifth-order low-pass filters” used in a GSM transceiver). In my opinion,
use of a multi-pole filter with Serizawa as taught by Razavi and/or Ferry would be a
combination of prior art elements according to known methods to yield predictable
results, as well as application of a known technique to a known device ready for
improvement to yield predictable results. It would also be obvious to try given the
known benefits of multipole filters. My opinion is that a POSITA also would have a
reasonable expectation of success because a multipole filter was conventional at the
time, and in fact widely used to achieve the desired and often necessary roll-off
characteristics.

4. Dependent Claim 8

a. “The method of claim 6 wherein said subscriber station
performs lower order filtering on signals received at
said subscriber station than said base station performs
on signals received at said base station.”

199. This limitation mirrors claim 6. In my opinion, Serizawa, alone or in
view of Razavi and/or Ferry, at least renders obvious this limitation for the reasons

explained in Section X.C.2.
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5. Dependent Claim 9

a. “The method of claim 8 wherein the filtering
performed at said subscriber station is performed by
finite impulse response (FIR) filtering.”

200. In my opinion, Serizawa, alone or in view of Razavi, renders obvious
the additional limitation of claim 9. Serizawa Figure 33 shows digital sections
(purple), and a POSITA would understand that filtering of baseband signals is

commonly done in the digital domain.
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Ex.1006, Fig. 33.

201. As Razavi explains, “low-frequency [(baseband)] operations such as []
mixing and filtering can be performed more efficiently in the digital domain.”
Ex.1015, 146. This is shown in Razavi Figure 5.31. In my opinion, a POSITA would
have understood that the low pass filters (blue) in Figure 5.31 are filters often

implemented as FIR filters in the digital domain (magenta dotted line) downstream
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of the analog-to-digital converter (ADC). Ex.1012 (Vaidyanathan), 45-48

(discussing “FIR lowpass filter” design).
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Figure 5.31  Digital-IF receiver.

Ex.1015, Fig. 5.31. In my opinion, use of FIR filters with Serizawa as taught by
Razavi and/or Ferry would be a combination of prior art elements according to
known methods to yield predictable results, as well as application of a known
technique to a known device ready for improvement to yield predictable results. It
would also be obvious to try given the known benefits of FIR filters in filtering low
frequency signals in the digital domain. In my opinion, a POSITA would also have
a reasonable expectation of success because FIR filter was conventional at the time,
and in fact widely used.

6. Dependent Claim 10

a. “The method of claim 8 wherein the filtering
performed at said subscriber station is performed by
surface acoustical wave (SAW) filtering.”
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202. In my opinion, Serizawa, alone or in view of Razavi and/or Ferry,
renders obvious the additional limitation of claim 10. This is because, in my opinion,
a POSITA would have understood that SAW filters were commonly used to achieve
good attenuation of unwanted signals or interference. Ex.1015, 119, 125-126, Fig.
5.49 at 161 (SAW filter used in the receive path of a GSM transceiver); Ex.1021,
[0039] (“BPFs 134, 138 may comprise surface acoustic wave (SAW) filters.”). In
my opinion, it would have been obvious to a POSITA to try a SAW filter with
Serizaw as taught by Razavi and/or Ferry, as it is one of a finite number of identified,
predictable filtering solutions. A POSITA would have a reasonable expectation of
success given that SAW filter was conventional at the time, and in fact well-known
for their high performance characteristics.

7. Dependent Claim 18

a. “The method of claim 15 wherein said base station
performs higher order filtering on signals received at
said base station than said subscriber station performs
on signals received at said subscriber station.”

203. This limitation mirrors claim 6. In my opinion, Serizawa, alone or in
view of Razavi and/or Ferry, discloses or renders obvious this limitation for the
reasons explained in Section X.C.2.

8. Dependent Claim 19

a. “The method of claim 18 wherein the filtering
performed at said base station is performed by a multi-
pole filter.”
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204. This limitation mirrors claim 7. In my opinion, Serizawa, alone or in
view of Razavi and/or Ferry, discloses or renders obvious this limitation for the
reasons explained in Section X.C.3.

9. Dependent Claim 20

a. “The method of claim 19 wherein the filtering
performed at said subscriber station is performed by
surface acoustical wave (SAW) filtering.”

205. This limitation mirrors claim 10. In my opinion, Serizawa, alone or in
view of Razavi and/or Ferry, discloses or renders obvious this limitation for the
reasons explained in Section X.C.6.

10. Dependent Claim 21

a. “The method of claim 18 wherein said subscriber
station performs lower order filtering on signals
received at said subscriber station than said base
station performs on signals received at said base
station.”

206. This limitation mirrors claim 8. In my opinion, Serizawa, alone or in
view of Razavi and/or Ferry, discloses or renders obvious this limitation for the
reasons explained in Section X.C.4.

11. Dependent Claim 22

a. “The method of claim 21 wherein the filtering
performed at said subscriber station is performed by
finite impulse response (FIR) filtering.”
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207. This limitation mirrors claim 9. In my opinion, Serizawa, alone or in
view of Razavi and/or Ferry, discloses or renders obvious this limitation for the
reasons explained in Section X.C.5.

12. Independent Claim 25

a. Preamble: “A method for increasing wireless
communication capacity, said method comprising:”

208. To the extent the preamble is limiting, Serizawa discloses or renders it
obvious in my opinion for the reasons explained in Section X.B.1(a).

b. Element [25.1]: “providing a base station, said base

station adapted to transmit data in an expected low

noise frequency band and to receive data in an
expected high noise frequency band; and”

209. This element substantively mirrors elements [3.1] and [3.2]. In my
opinion, Serizawa discloses this element for the reasons explained in Sections
X.B.3(b) and X.B.3(c). In particular, in my opinion, a POSITA would have
understood the phrase “expected low noise frequency band” used in this claim to
mean substantially the same as “frequency band expected to experience low
interference” used in claim 3. Indeed, the specification links “interference” to
“induced noise.” Ex.1001, 5:12-24, 5:40-47, 4:7-12. For the same reasons, a
POSITA would have understood that the phrase “expected high noise frequency
band” used in this claim to mean substantially the same as “frequency band expected

to experience high interference” used in claim 3.
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c. Element [25.2]: “providing a plurality of subscriber
stations, said plurality of subscriber stations adapted
to transmit data in said expected high noise frequency
band and to receive data in said expected low noise
frequency band;”

210. This element substantively mirrors elements [1.1] and [1.2]. In my
opinion, Serizawa discloses this element for the reasons explained in Sections
X.B.1(b) and X.B.1(c). As discussed above, a POSITA would have understood that
the phrase “expected high noise frequency band” means substantially the same as a
“frequency band expected to experience high interference” used in claim 1, and that
the phrase “expected low noise frequency band” means substantially the same as
“frequency band expected to experience low interference” used in claim 1. See
Section X.C.12(b).

211. In addition, Serizawa Figure 19 discloses a plurality of subscriber

stations (mobile phones 502) as required by the claim.
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Ex.1006, Fig. 19.

212. As shown in Figures 19 and 20, each subscriber station transmits data

in the 2.4-GHz ISM uplink band (f2) (blue) which is an unlicensed, expected high

noise/high interference frequency band. See VII.A.1(b). Each subscriber station

receives data in the 60-GHz MMW downlink band (fi) which is an expected low

noise/low interference band, as I discussed above. See VII.A.1(a).
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Ex.1006, Fig. 20.

Element [25.3]: “wherein said base station performs
higher order filtering on signals received at said base
station than said plurality of subscriber station
perform on signals received at said plurality of
subscriber stations.”

213. This element is in substance the same as the additional element of claim
6. In my opinion, Serizawa, alone or in view of Razavi and/or Ferry, at least renders
obvious this element for the reasons explained in Section X.C.2. A POSITA would
have understood that signals can be filtered not only at a single subscriber station,
but also at a plurality of subscriber stations.

13. Dependent Claim 26

a. “The method of claim 25 wherein the filtering

performed at said base station is performed by a multi-
pole filter.”

214. In my opinion, Serizawa, alone or in view of Razavi and/or Ferry,
discloses or renders obvious this element for the reasons explained in Section X.C.3.

14. Dependent Claim 27
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a. “The method of claim 25 wherein the filter performed
at said subscriber station is performed by finite
impulse response (FIR) filtering.”

215. In my opinion, Serizawa, alone or in view of Razavi and/or Ferry,
discloses or renders obvious this element for the reasons explained in Section X.C.5.

15. Dependent Claim 28

a. “The method of claim 25 wherein the filter performed
at said subscriber station is performed by surface
acoustical wave (SAW) filtering.”

216. In my opinion, Serizawa, alone or in view of Razavi and/or Ferry,
discloses or renders obvious this element for the reasons explained in Section X.C.6.

16. Dependent Claim 29

a. “The method of claim 25 wherein said low noise
frequency and said high noise frequency band are
separated by at least one octave.”

217. This element is in substance the same as element [1.3] and element
[3.3]. In my opinion, Serizawa discloses or renders obvious this element for the
reasons explained in Sections X.B.1(d) and X.B.3(d).

17. Dependent Claim 30

a. “The method of claim 25 wherein said data is
frequency division duplexed.”

218. This element is in substance the same as the additional element of
claim 2 and claim 5. In my opinion, Serizawa discloses or renders obvious this

element for the reasons explained in Sections X.B.2 and X.B.5.
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XI. CUMULATIVENESS

219. Inmy opinion, the prior art references in this Petition are not cumulative
of the references cited by the Examiner during prosecution of the *714 Patent. I note
that the primary prior art references relied on in this Petition (Morikawa in Ground
I, Serizawa in Grounds II and IIT) were not cited or discussed during prosecution.

220. Moreover, the closest art discussed during prosecution, U.S. Patent No.
6,801,519 (“Mangal”), was distinguished on the ground that it teaches two-way
communication over a single frequency band at a time, and not simultaneous
transmit and receive over different frequency bands. Ex.1004, 454-59. In contrast,
as I discussed above in Section X, both Morikawa and Serizawa teach transmit and
receive in different frequency bands at the same time. Therefore, they are not
cumulative with Mangal.

XII. CONCLUSION

221. For the aforementioned reasons, in my opinion, to a person of ordinary
skill in the art, the Challenged Claims of the *714 Patent are rendered obvious by the
prior art.

222. 1 understand that the Patent Owner has not asserted secondary
considerations of non-obviousness. I reserve the right to respond to any such

assertions.
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223. 1 hereby declare that all statements made herein of my own knowledge
are true and that all statements made on information and belief are believed to be
true; and further that these statements were made with the knowledge that willful
false statements and the like so made are punishable by fine or imprisonment, or
both, under Section 1001 of Title 18 of the United States Code and that such willful

false statements may jeopardize the results of the proceedings.
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Date: September 6, 2023 Respectfully submitted,
k@ — Digitally signed by Zhi Ding
Sty 2> | Date: 2023.09.06 18:07:34
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Zhi Ding, Ph.D.
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