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l.

[ 1Preamble] “A method for multi-antenna
transmission in a user equipment, comprising:” ......... 1554

[1a}:] “receiving a first radio signal from a base
] 718 (01 B 1 0 ¢ AR PRORPPPPPPPPPRRRRt 1655

[1b}:] “receiving a first signaling from the base
172115 (0) 1 HAR TR 1755

[1c}:] “wherein the first radio signal is transmitted
by K antenna port groups of the base station;” ........... 1756

[1d}:] “the antenna port group includes a positive
integer number of antenna port(s);” ......cceevveerveerinnenns 2059

[le}:] “a first antenna port group is one of the K
antenna POrt GrOUPS;” ..cecuveeeeiereeerreeeerreeeeereeeenreeenens 2060

[ 1f}] “the first signaling is used to determine a first
time 1esource POOL;” .....c.vievvieriieeieeeee e 2060

[1g}] “at least one of a first antenna virtualization
vector and a second antenna virtualization vector 1s

associated with the first antenna port group;”............. 2363
L First antenna virtualization vector........................ 64
11 Second antenna virtualization vector.................... 68

[1hi}:] “the first antenna virtualization vector is
an antenna virtualization vector available to the
base

station in the first time resource pool;”.........ccccvveeevveenns 3476
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]. Hal:[11] “the second antenna virtualization vector is an
antenna virtualization vector available to the user
equipment in the first time resource pool; and”.............. 77

k. [17] “the K is a positive integer greater than 1.............. 78

2. Claim 4: “The method of claim 1, further comprising:
receiving first information, wherein the first information
1s used to determine the first antenna port group; or
transmitting second information, wherein the second
information 1s used to determine K1 antenna port
eroup(s); the K1 antenna port group(s) belong(s) to the K
antenna port groups; the first antenna port group is one of
the K1 antenna port group(s); the K1 is a positive

6.
T Independent- Claim-6 s 41
FopreiNteger.” oveeeeeiie e 79
3. Claim S vttt 81
a. [5a] “The method of claim 1, wherein the first time
resource pool is discontinuous in time domain;” ........... 81
b. [5b] “the first signaling is a semi-static signaling.”........ 83
4. Claim 6 ..oeeeeieiieiiiiieiiiee et 84
a. [6Preamble] “A method for multi-antenna-transmitting
transmitting in a base station, comprising:”.................... 4184
b. [6a}:] “transmitting a first radio signal to a target
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receiver; and” ........oooviiiiiiiii 4185

& . & itti irst-sisnali 2P B—
C. [6b] “transmitting a first signaling to the target
L C IV, ettt e et e et eeeueseennaseeennseeennssennnssennnsssnnnnsns 85

e-d. [6¢c}:] “wherein the first radio signal is transmitted
by K antenna port groups of the base station;”............... 4285

éee.  [6d}:] “the antenna port group includes a positive
integer number of antenna port(s);” ....c.cceeevveeerireeeriveennns 4285

ef.  [6e}:] “the first antenna port group is one of the K
antenna POrt EroUPS;” ...ccuvvreeeeerrrieeeeeiireeeeeerereeeeeesereeeens 4285

f.g.  [6f}:] “the first signaling is used to determine a first
time 1e€SOUICE POOL;™ .eviiiiiiieeiie e 4286

g:h.  [6g}:] “at least one of a first antenna virtualization
vector and a second antenna virtualization vector is
associated with the first antenna port group;”................. 4286

h:i.  [6h}:] “the first antenna virtualization vector is
an antenna virtualization vector available to the
base

station in the first time resource pool;”..........cccceeveeennnnn. 4386

t].  [6if] “the second antenna virtualization vector is
an antenna virtualization vector available to the
target receiver of the first signaling in the first time
resource pool; and” .........cccceeieiiieeiiii e 4386

k. P9a}:[61] “the K is a positive integer greater than 1.”......86

Claim 9: “The method of claim 6, further comprising:

transmitting first information, wherein the first
information is used to determine the first antenna port
group: or receiving second information, wherein the
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second information is used to determine K1 antenna port
group(s); the K1 antenna port group(s) belong(s) to the K
antenna port groups; the first antenna port group is one of
the K1 antenna port group(s); the K1 is a positive

9.
I L. i iiitiieeeeeee e et e eeeeiiteeeeeeeeeeeeeeeessseseeeeeeeeeeeanansnseeeeeeaeeaas 87
6. Claim 10 i eeeeeeciiieee e e e e e eeeesiireeeeeeeeeeeseeensneeeeeeeeeeeas 87
a. [10a}:] “The method of claim 6, wherein the
first time resource pool is discontinuous in
time
AOMAIN, OF <. 4487
a 101 Sthe first sicnalinei .
01(1'1’\0]11’\(1' b /I/l
Dlsllulllls- ---------------------------------------------------------------------------------- L
_a: « 5
- —
b. [10b]: “the first signaling is a semi-static
SIZNAIING.” .uvvveeiieeeieeiieiiiiiiiieeeeeeeeeeeeiiiirreeeeeeeeeeeeessseeeees 87
7. Claim 11 et e e e e e e e s eeiiaeeeeeeeeeeas 88

a. [11Preamble] “A user equipment (UE) for multi-
antenna tranSmission, COMPIISING:” to.uiiuuneeeeeereeneeennnnnes 88

b. [11a}:] “a first transceiver, receiving a first radio

signal from a base station; and”............ccccceeeecvierciiennenne 4588
C. [11b}:] “a second receiver, receiving a first signaling
from the base Station;” ........cccooveeoiieeiieieeeeeeeeeeeeeee e 4689

d. [11ck] “wherein the first radio signal is transmitted
by K antenna port groups of the base station;”............... 4791
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4:8.

e. [11d}:] “the antenna port group includes a positive

integer number of antenna port(s);” ......ccceevveeevreeeennenn.

OPOHDS-S

f. [11e] “the first antenna port group i1s one of the K

ANLENNA POTT G OUDS: . eeeeettiutteneeeuereeneeeuaseeneeennseenaeennaeens

fg.  [11f}] “the first signaling is used to determine a first

time 1esoUrce POOL;” . oooviieiiieeiieeiee e

gh.  [11g}] “at least one of a first antenna
virtualization vector and a second antenna
virtualization vector 1s

associated with the first antenna port group;”...............

k. [11h}:] “the first antenna virtualization vector is
an antenna virtualization vector available to the
base

station in the first time resource pool;”..........ccceeeneee.

1. [11if] “the second antenna virtualization vector
is an antenna virtualization vector available to
the user equipment in the first time resource
pool;

ANA” e e

k. H4a}:[11] “the K is a positive integer greater than 1.”..92

Claim 14: “The UE of claim 11, wherein: the second

receiver further receives first information, wherein the
first information 1s used to determine the first antenna
port group; or the first transceiver further transmits
second information, wherein the second information 1s
used to determine K1 antenna port group(s); the K1
antenna port group(s) belong(s) to the K antenna port

groups; the first antenna port group:er™——49 is one of the K1
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a . 66 )
. . ’

O s ————"
H-5bl—~antenna port group(s); the firstsignalingK1 is a semt-

SEAHEDOSIEIVE INEEEZET.” ..eeeeeeeeeeeeeeeeeeeeeeeeeeseeenesesenssesenasssnnnnaes 93

recei'y.'er and’ ..... ’ R IR x s
9. LAl LS ittt et eeeeeeteeeeenaseeennsseennssennnssaennns 93
a. [15a] “The UE of claim 11, wherein the first time
resource pool is discontinuous in time domain; or’....... 93
b. [15b] ‘“‘the first signaling 1s a semi-static
STONAIINIE. ettt et eeeeeeteeeeaeeeenaeeenneennnns 94
L1O.  ClAIM 16 i et eeeeeeeeteaseeennesennnseennaseennnaenns 94
a. [16Preamble] A base station equipment for multi-
antenna tranSmission, COMPIISING: to.ueeeeuneeeeeeseeeeeernnnnes 94
b. [16a] “a third transceiver, transmitting a first radio
signal to a target receiver: and”.......oooveeiieueeiiieeeiinnnnn. 95

a-c.  [16b}:] “a second transmitter, transmitting a first

signaling to the target receiver;” .......ccoovvvvvveeerieeeeneeenns 3296

b.d.  [16c}:] “wherein the first radio signal is transmitted

by K antenna port groups of the base station;”............... 3398

e-e.  [16d}:] “the antenna port group includes a positive
integer number of antenna port(s);” ....cccceeevveeerreeerrveennns 3498

Apex Beam Exhibit No. 2003, [PR2023-00603
Page 0010



f. [16€] “the first antenna port group is one of the K
ANTENNA POTE GTOUDS. eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeneeeeneeennesennas 98

e-g. [16f}:] “the first signaling is used to determine a first
time 1e€SOUICE POOL;™ .eviiiiiiieeiie e 5498

e:h.  [16g}:] “at least one of a first antenna
virtualization vector and a second antenna
virtualization vector is
associated with the first antenna port group;”................. 5498

£1.  [16h}:] “the first antenna virtualization vector is
an antenna virtualization vector available to the
base
station in the first time resource pool;”..........cccceevveennenn. 5499

. [161f] “the second antenna virtualization vector is
an antenna virtualization vector available to the
target receiver of the first signaling in the first time
resource Pool; and™ .........cccveevieeiiieeiie e 3599

- it ‘ itive i 2 rr———

k. H9a}:[161]: “the K is a positive integer greater than 1.”.99

5:11. Claim 19: “The base station equipment of claim 16,
wherein: the second transmitter further transmits first
information, wherein the first information is used to
determine the first antenna port group; or the third
transceiver further receives second information, wherein
the second information is used to determine K1 antenna
port group(s); the K1 antenna port group(s) belong(s) to
the K antenna port groups; the first antenna port group 1s
one of the K1 antenna port group(s); the K1 is a positive
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L1y A 99
12, Claim 20 ..iceeeeeiieieeie e eeeiiieeeeeeieeeeeeeeieeeeeeeeiseeeeeeeennneeeeeeenneees 100
a. [20a}:] “The base station equipment of claim
16, wherein the first time resource pool is
discontinuous in time domain; or” .......ccceeeeeeeeeeeeeeeeennn. 56100
a 0B he first sienaline i .
01{1'1’\']]1-1’\(1' 2 (K
01511‘411116- ---------------------------------------------------------------------------------- AV}
b. [20b] “the first signaling i1s a semi-static
SIONAIIN G, Luuuteteteiiteteteeeeeteeeteeteeeeeeeseseeeeeeessesssesnessnsnennnnns 100
Claims 2, 3,7, 8, 12, 13, 17 and 18 Are Rendered Obvious
everOver Kim, Zhang, and Park (Ground 3) or Kim, Zhang,
Kang,
and Park (Ground 4) ...........ooe oo 56101
16— Overviewof Park e 56
H——Claim 2 rrrrr———————— 57

1. CLAIIM 2 ettt ettt teeeeeeteeeeeseeeannaneeerennnseeeennnnnss 101
a. [2a] “The method of claim 1, further comprising:
recelving a second signaling: and”.....cocoeiiiiiieeiiiiinnnnn... 101

b. [2b] “operating a second radio signal in a first time

TESOUICE SUD-DO00L. oot e eeeeeeeeeseennaeseennns 102

ac. _ [2c}:] “wherein the operating is receiving from
the base station, or the operating is transmitting to
the

base Station;” .......coovviiiiiiiiiiiie 59103
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b-d. [2d}:] “the second signaling is used to determine
the first time resource sub-pool from the first time
resource pool; and” ..........cccveeviieeiieeiie e 60105

e-e.  [2e}:] “the second signaling is used to determine at
least one of occupied frequency domain resources,
an MCS, a HARQ process number, an RV, an NDI
and (a) transmitting antenna port(s) of the second
1adio SIZNAL.” ...ooiiiiiiiiee e 64109

N/ — 66

2. Ba}:Claim 3: “The method of claim 2, comprising:
monitoring the second signaling in a second time
resource pool, wherein the second signaling occupies one
time resource block in the second time resource pool at
most; and the second time resource pool includes a
positive integer number of time resource block(s); or
monitoring the second signaling in a second time
resource pool and monitoring the first signaling in a third
time resource pool, wherein the second signaling
occupies one time resource block in the second time
resource pool at most; the second time resource pool
includes a positive integer number of time resource
block(s); the first signaling is a dynamic signaling; the
first signaling occupies one time resource block in the
third time resource pool at most; the third time resource
pool includes a positive integer number of time resource
block(s); a minimum time interval between time resource
blocks in the third time resource pool is greater than a
minimum time interval between time resource blocks in

the second time resource bloek{s):-or”
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CLAIIN 7 oottt ee e e e eteaeeseaeaanaaasasennnnaaeesnnnnnns 118

3-4.

a. [7a] “The method of claim 6, further comprising:
transmitting a second signaling: and” ..............cc.......... 118

ab.  [7b}:] “performing a second radio signal in a first
time resource sub-pool;” ........ccocveeeiiiiiiiii e 7011

b.c.  [7ck] “wherein the performing is transmitting to
the target receiver, or the performing is receiving
from
the target TECEIVET;” ... uviiiriiie et 7011

e-d. [7d}] “the second signaling is used to determine the

first time resource sub-pool from the first time
TESOUICE POOL;™ 1ttt 7011

ée. [7e]: “the second signaling is used to determine at
least one of occupied frequency domain resources,
an MCS, a HARQ process number, an RV, an NDI
and (a) transmitting antenna port(s) of the second
1adio SIZNAL.” ...cooiiiiiiiie e

H

11

Fat:Claim 8: “The method of claim 7, comprising:

transmitting the second signaling in a second time
resource pool, wherein the second signaling occupies one
time resource block in the second time resource pool at
most; and the second time resource pool includes a
positive integer number of time resource block(s): or
transmitting the second signaling in a second time
resource pool and transmitting the first signaling in a
third time resource pool, wherein the second signaling
occupies one time resource block in the second time
resource pool at most; the second time resource pool
includes a positive integer number of time resource
block(s); the first signaling is a dynamic signaling; the
first signaling occupies one time resource block in the
third time resource pool at most; the third time resource
pool includes a positive integer number of time resource
block(s); a minimum time interval between time resource
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blocks in the third time resource pool is greater than a
minimum time interval between time resource blocks in

the second time resource bleek{s):-or”

................................................................................................. Hpoo
L e 119
- AL
2 Claim D rrr———— 71
5. Claim 12 ...oooeieiieiiiiiiiiiieeeeeeeeee e 120

a. [12a]: “The UE of claim 11, comprising: a third

receiver, receiving a second signaling; and”™................. H120
b. [12b]: “a second transceiver, operating a second

radio signal in a first time resource sub-pool;”............. 73122
C. [12c]: “wherein the operating is receiving from the

base station, or the operating is transmitting to the

base StatioN;” .....coooviiiiiiiiiiii 74124
d. [12d]: “the second signaling is used to determine

the first time resource sub-pool from the first time

resource pool; and™ .........cocceeviiiiiiieiiie e 74124
e. [12¢]: “the second signaling is used to determine at

least one of occupied frequency domain resources,

a MCS, a HARQ process number, a RV, a NDI

and (a) transmitting antenna port(s) of the second

1adio SIGNAL” ....ooiiiiiiiee e 75124

4-6.

H3a}:Claim 13: “The UE of claim 12, the third receiver

further monitors the second signaling in a second time
resource pool, wherein the second signaling occupies
one time resource block in the second time resource pool
at most; the second time resource pool includes a
positive integer number of time resource block(s); or the

third receiver further monitors the second signaling in a
second time resource pool, and the second receiver
further monitors the first signaling in a third time
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resource pool, wherein the second signaling occupies
one time resource block in the second time resource pool
at most; the second time resource pool includes a
positive integer number of time resource block(s); the
first signaling 1s a dynamic signaling; the first signaling
occupies one time resource block in the third time
resource pool at most; the third time resource pool
includes a positive integer number of time resource
block(s); a minimum time interval between time resource
blocks in the third time resource pool is greater than a

minimum time interval between time
resource blocks in the second time resource bleek(s):-o1>

................................................................................................. +5poo
L e 125
a- s e — 75
L L 75
7. Claim 17 woeeeeiieeeiee et 125

a. [17a]: “The base station equipment of claim 16,

further comprising: a third transmitter, transmitting

a second signaling; and” ...........cccoeeveeeviienieeniieenieee. 75126
b. [17b]: “a fourth transceiver, performing a second

radio signal in a first time resource sub-pool;”............. F7127
C. [17c]: “wherein the performing is transmitting, or

the performing 1S receiving;” ........cccceeeeveeeevveeencneeeenne. 7129
d. [17d]: “the second signaling is used to determine

the first time resource sub-pool from the first time

TESOUTCE POOL;™ 1ttt e 7129
e. [17¢]: “the second signaling is used to determine at

least one of occupied frequency domain resources,

a MCS, a HARQ process number, a RV, a NDI

and (a) transmitting antenna port(s) of the second

1adio SIGNAL” ....oooiiiiiiee e 79129
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5:8.  H8alClaim 18: “The base station equipment of claim 17,
wherein: the third transmitter further transmits the second
signaling in a second time resource pool, wherein the
second signaling occupies one time resource block in the
second time resource pool at most; and the second time
resource pool includes a positive integer number of time
resource block(s); or™—79 the third transmitter further
transmits the second signaling in a second time resource
pool, and the second transmitter further transmits the first
signaling in a third time resource pool, wherein the
second signaling occupies one time resource block in the
second time resource pool at most; the second time
resource pool includes a positive integer number of time
resource block(s); the first signaling is a dynamic
signaling; the first signaling occupies one time resource
block in the third time resource pool at most; the third
time resource pool includes a positive integer number of
time resource block(s); a minimum time interval between
time resource blocks in the third time resource pool is
greater than a minimum time interval between time
resource blocks in the second time resource pool.” ................ 130

XII. CONCLUSION....ccctiiiiiiiiiiiiiiiieiie i, 131
L. INTRODUCTION

a——1I have been retained by Samsung Electronics Co., Ltd.
ROt e ettt 1 20

toroct Q1
OT

n TY\ fay
J TIT TIIUUT U O e e e ecceeccccccccccscccscsccscsccscsccscsccscsccscccccscscsccscccscsccccsccscccsccscse
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PEHHONER S EXHIBITHIST

1. and Samsung Electronics America, Inc., (collectively “Petitioner’)

as an independent expert consultant in this proceeding before the United States

Patent and Trademark Office.

2. [ am over 21 vears of age and, if [ am called upon to do so, I would be

competent to testify as to the matters set forth herein.

3. My compensation 1s in no way contingent on the nature of my

findings, the presentation of my findings in testimony, or the outcome of any

proceeding.

4. [ understand that this proceeding involves U.S. Patent No. 10.944.527

(“the ’527 patent,” Ex. 1001). The application for the 527 was filed June 3, 2019,

as U.S. Patent Application No. 16/429.077 (‘“the ’077 application’). The ’527

patent claims priority as “a continuation of application No. PCT/CN2017/112033,

filed on Nov. 21, 2017.” Ex. 1001, cover. The ’527 patent also claims priority to

Chinese patent application CN 20161108328.7, filed December 3, 2016. Ex. 1001,

Ccover.

5. I have been asked by Petitioner to provide my opinion whether the

claims of the ’527 patent would have been obvious to a person of ordinary skill in

the art at the time of the earliest claimed priority date of the 527 patent. In

Apex Beam Exhibit No. 2003, [PR2023-00603
Page 0019



performing my analysis, [ have been asked to assume that the priority date is

December 3. 2016. My opinions are set forth below.

6. Throughout this declaration, I refer to specific pages, figures, and/or

line numbers of various exhibits. These citations are illustrative and are not

intended to suggest that they are the only support for the propositions for which

they are cited.

II.  SUMMARY OF OPINIONS

7. This declaration considers claims 1-20 of the ’527 patent. Below, I set

forth the opinions I have formed, the conclusions I have reached, and the bases for

these opinions and conclusions. I believe the statements contained in this

declaration to be true and correct to the best of my knowledge.

8. Based on my experience, knowledge of the art at the time of the

applicable priority date (I was told to assume a priority date of December 3, 2016),

1t is my opinion that claims 1-20 of the 527 patent would have been obvious based

on the asserted grounds discussed below.

9. I am being compensated for my time at my normal hourly rate. My

compensation is in no way contingent upon the nature of my findings, the

presentation of my findings in testimony, or the outcome of this proceeding.
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II. QUALIFICATIONS AND BACKGROUND

10. I believe that I am well qualified to serve as a technical expert in this

matter based upon my qualifications, discussed in detail below. A copy of my

curriculum vitae is attached as Appendix A.

11. I am competent to write this Declaration.

12. I have personal knowledge and expertise concerning the relevant

technologies based upon my education, training, or experience. My relevant

experience includes a deep understanding of the systems that we broadly refer to as

“1G,” “2G.,” ‘3G, “4G.” “LTE.,” and “5G” communications systems, as well as

other wireless communication technologies, including those based on the IEEE

802.11 set of standards (often referred to as WiF1) as well as those related to IEEE

802.16 set of standards (often referred to as WiMAX).

13. I am an expert in the field of communication engineering and

specifically, among others, the field of wireless communications. | have over 40

years of experience in electrical engineering and computer science and in fixed and

mobile communications networks. I attended the University of Colorado from

1974 to 1980, during which I earned a Bachelor of Science (B.S.) and a Master of

Science (M.S.) in applied mathematics with a minor in electrical engineering. |

attended the Polytechnic Institute of New York between 1982 and 1988. during

which I earned a Doctor of Philosophy (Ph.D.) in electrical engineering, with a
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minor in applied mathematics. My Ph.D. thesis was titled “Topological Properties

and Design of Multihop Packet Radio Networks.” While pursuing my Ph.D.

degree, I held a joint appointment as Special Research Fellow and Adjunct

Instructor at the Polytechnic Institute of New York between 1985 and 1986

teaching graduate-level courses in Electrical Engineering.

14. Between 1982 and 1987, I worked at AT&T Bell Laboratories in

Holmdel, New Jersey. While at AT&T Bell Laboratories, I worked on modeling,

analysis, design, and performance evaluation of voice and data networks. [

developed algorithms for DNHR (Dynamic, Non-Hierarchical Routing) used in the

telephone network. I also analyzed advanced data services and formulation of

long-term plans for development of enhanced data services and network design

tools to support such services.

15. I was an Assistant Professor of Electrical Engineering and Computer

Science at The George Washington University (GWU) in Washington, D.C.,

between 1987 and 1994. During my association with GWU, I taught graduate

courses in the area of communication engineering, including communication

theory, coding theory, voice and data networking, and mobile communications. In

the early 1990s I developed and taught the first course on Mobile Communications

at GWU to Electrical Engineering graduate students. I also received several

research awards/grants, including the prestigious NSF Research Initiation Award.
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16. In 1988. I founded Cosmos Communications Consulting Corporation

(““Cosmos”), which is a private communications engineering consulting firm

specializing in mobile communications, and I have been the President of the

company since its founding. Since 1994, I have worked full-time at Cosmos. At

Cosmos, among various activities, I have consulted on high level technology-

related issues and trends to corporate entities, governmental agencies, and

international organizations, such as the United Nations.

17. Ihave provided technical consultancy to engineering firms, operators,

and equipment vendors on issues related to existing or evolving technologies for

mobile communications, and to the investment community on issues related to

both fixed and wireless communications technologies. I developed and taught

hundreds of courses to thousands of engineers around the world in the area of

communication engineering, mostly in the area of mobile, wireless

communications.

18.  Over the course of my career, I have authored and co-authored some

thirty (30) publications on various aspects of fixed and mobile communications, as

noted in my curriculum vitae. I am a life member of the Institute of Electrical and

Electronics Engineers (IEEE) and have been actively involved in the

Communications Society and the Information Theory Society of the IEEE.

Between 1991 and 1992. 1 served as the Secretary of IEEE Communications
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Society National Capital Area Chapter. Between 1992 and 1993. I was the Vice-

Chair of IEEE Communications Society National Capital Area Chapter. I was the

Vice-Chair of the Communication Theory Technical Committee of the

Communications Society of the IEEE for the 1993—-1996 term, and Treasurer of the

Communication Theory Technical Committee of the Communications Society of

the IEEE for the 1996—1999 term.

19. I have served as a reviewer for the IEEE. book editors, other technical

publications, and various National Science Foundation (NSF) Panels. I have

organized technical sessions in technical conferences, including the IEEE

International Conference on Communications (ICC) and IEEE Global

Communications Conference (Globecom). I served as the Technical Program Chair

for the Communication Theory Mini-Conference in 1992.

20.  During the past 35+ years, | have been lucky enough to be part of the

community of engineers that have contributed to the astounding growth of the

mobile communications industry. It started from a niche industry that was thought

of as being something for the “rich and the famous” to becoming one of the most

widespread household concepts, providing useful tools to all segments of the

global society.

21. My involvement in this industry included providing consulting

services to company executives who needed to make deployment plans, taking into

Apex Beam Exhibit No. 2003, [PR2023-00603
Page 0024



consideration the strengths and weaknesses of the technology, economics, user

value, etc. As such, I have developed a deep understanding of all aspects of a given

technology, its features, added value, and the like. In addition, my consulting

services included developing courses for the companies that were at the forefront

of this developing technology. By definition, this previously non-existent

technology was not taught in university courses, as it was too new. Having

developed hundreds of courses over the years and taught thousands of engineers

(and non-engineers alike), I have a solid understanding and knowledge of the

technical developments and how their importance fits in the larger puzzle of a fast-

developing technology.

22. My consulting included providing training to engineers in the field

that were deploying the various networks. For example, I developed courses and

provided training and consulting to the engineers deploying some of the earliest

GSM networks in Germany and France, to be followed by many countries in

Europe and around the world, including the United States when it was decided that

GSM would be used in the U.S. Successful deployments of the initial GSM

systems were followed by deployments of GPRS and EDGE. which was then

followed by deployments of 3G UMTS systems worldwide. Of course, the 3G

systems were followed by the currently most widespread deployments of 4G

systems, also referred to as LTE, worldwide and most recently deployments of 5G
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networks. Thus, as I explain above, my experience includes a deep understanding

of the entirety of each system that we broadly refer to as “1G.,” “2G.,” *“3G,” “4G.,”

“LTE.” and “5G.”

23.  Similarly, I developed courses and provided training and consulting to

engineers deploying and/or enhancing wireless local area networks using one or

more of the IEEE 802.11 set of standards (often referred to as WiF1) as well as

networks using the IEEE 802.16 set of standards (often referred to as WiMax).

24.  As an expert consultant, I have served on both civil and criminal legal

cases, including several patent infringement cases both at the ITC and in district

courts, as well as in support of IPR petitions, such as the one in this case. I have

also participated as a technical expert consultant in the analysis of large patent

portfolios for the purposes of due diligence, sales, and merger and acquisition

activities for some of the largest companies in the mobile communications space.

These projects span a multidimensional spectrum of technologies in both fixed and

mobile communications as they have evolved over the past more than 30 vears.

IV. MATERIALS CONSIDERED

25. In forming my opinions, I have reviewed the following documents,

and anvy other document cited in this declaration.

Exhibit Description

Ex. 1001 | U.S. Patent No. 10,944,527 to Zhang (“the ’527 patent™)

l E ] ()()2 (13 99

Ex. 1003 | Prosecution History of the *527 patent-{dewnloadedfromPublic PAIR)
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Exhibit

Ex.

Description

1004

U.S. Patent Application Publication No. 2013/0182594 to Kim et al.,
published July 18, 2013 (“Kim”)

Ex.

1005

International Publication No. WO 2015/199414 to Zhang et al.,
published December 30, 2015 (“Zhang”)

Ex.

1006

U.S. Patent Application Publication No. 2015/0195025 to Kang et al.,
published July 9, 2015 (“Kang™)

Ex.

1007

U.S. Patent Application Publication No. 2019/0387501 to Park et al.,
published December 19, 2019 (“Park™)

Ex.

1008

U.S. Patent Application Publication No. 2010/0202560 to Luo et al.,
published August 12, 2010 (“Luo’)

Ex.

1009

International Publication No. WO 2017/084235 to Zhang et al.,
published May 26, 2017 (“Zhang-235")

Ex.

1010

U.S. Patent Application Publication No. 2016/0112099 to Lee et al.,
published April 21, 2016 (“Lee”)

Ex.

1011

Ken Long and Wei-ling Wu, “An enhanced multi-antenna solution
through beamforming to 3G long-term evolution,” 2009 International
Conference on Networks Security, Wireless Communications and
Trusted Computing, pp. 112-115 (“Long”™)

Ex.

1012

U.S. Patent Application Publication No. 2016/0211902 to Park et al.,
published July 21, 2016 (“Park-902")

Ex.

1013

T. Zhang and A. Manikas, “Joint Transmitter-Receiver Beamforming
Over Space-Time Fading Channels,” IEEE International Conference
on Communications, 2007, pp. 4913-4918 (“Zhang-1CC”)

Ex.

1014

Huy Hoang Pham, Tetsuki Taniguchi, and Yoshio Karasawa, “MIMO
Beamforming for High-Bit-Rate Transmission over Frequency-
Selective Fading Channels,” Eighth IEEE International Symposium on
Spread Spectrum Techniques and Applications, 2004, pp. 275-279
(“Pham”)

Deserio

Ex. 1015

Yoshitaka Hara, Akinori Taira, and Takashi Sekiguchi, “Weight
Control Scheme for MIMO System with Multiple Transmit and

Receive Beamforming,” The 57th IEEE Semiannual Vehicular
Technology Conference, 2003, pp. 823-827 (“Hara”)

Ex. 1016

3GPP TS 36.212 v12.2.0: 3rd Generation Partnership Project;
Technical Specification Group Radio Access Network; (E-UTRA);
Multiplexing and channel coding (Release 12), September 2014 (“TS
36.212 v12.2.0”)
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Exhibit

Description

Ex. 1017

U.S. Patent Application Publication No. 2013/0308608 to Hu et al.,
published November 21, 2013 (“Hu”)

Ex. 1018

U.S. Patent Application Publication No. 2006/0164981 to Olsson et
al., published July 27, 2006 (“Olsson”)

Ex. 1019

U.S. Patent Application Publication No. 2015/0326291 to Wong et al.,
published November 12, 2015 (“Wong™)

Ex. 1020

U.S. Patent Application Publication No. 2011/0038330 to Luo et al.,
published February 17, 2011 (“Luo-330)

Ex. 1021

U.S. Patent Application Publication No. 2011/0176519 to
Vitthaladevuni et al., published July 21, 2011 (“Vitthaladevuni)

Ex. 1022

Plaintiff’s Disclosure of Asserted Claims and Infringement
Contentions, Appendix D

Ex. 1023

3GPP TS 36.211 v8.9.0: 3rd Generation Partnership Project; Technical
Specification Group Radio Access Network; (E-UTRA); Physical
Channels and Modulation (Release 8), December 2009 (“TS 36.211
v8.9.0”)

éE—D—'PaH&&%I—Z@Q—Z%U S. Patent Am)hcatlon Pubhcatlon No.

2013/028696 to Li et al.,
published October 31, 2013 (“Li™)
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|I' I I() ' | 3] 2()]3(66! '9’)
b

Ex. 1029

U.S. Patent Application Publication No. 2018/0309496 to Lee et al.,
published October 25, 2018 (“Lee-496")

26.

I have also relied on my education, experience, research, training, and

knowledge in the relevant art, and my understanding of any applicable legal
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principles described in this declaration.

27.  All of the opinions contained in this declaration are based on the

documents I reviewed and my knowledge and professional judegment. My opinions

have also been guided by my understanding of how a person of ordinary skill in the

art would have understood the claims of the 527 patent at the time of the earliest

claimed priority date.
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28. Ireserve the right to supplement and amend any of my opinions in

this declaration based on documents, testimony, and other information that

becomes available to me after the date of this declaration.

V. LEGAL STANDARDS

29. T am not a lawyer. My understanding of the legal standards to apply in

reaching the conclusions in this declaration is based on discussions with counsel

for Petitioner, my experience applying similar standards in other patent-related

matters, and my reading of the documents submitted in this proceeding. In

preparing this declaration, I have tried to faithfully apply these legal standards to

the challenged claims.

30. I have been informed that there are two ways in which prior art may

render a patent claim unpatentable. First, I have been informed that the prior art

can “anticipate” a claim. Second, I have been informed that the prior art can render

a claim “obvious” to a person of ordinary skill in the art. I understand that a claim

1s patentable if it was not anticipated and would not have been obvious by the prior

art at the effective filing date of the patent.

31. I have been informed that a dependent claim is a patent claim that

refers back to another patent claim. I have been informed that a dependent claim

includes all of the limitations of the claim to which it refers.
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32. 1have been asked to provide my opinions as to whether the cited prior

art teaches or renders obvious claims 1-20 of the 527 patent from the perspective

of a person of ordinary skill in the art at the 527 patent’s earliest claimed priority

date in 2016, as described in more detail below.

33. Ihave been informed that in inter partes review proceedings, such as

this one, the party challenging the patent bears the burden of proving

unpatentability by a preponderance of the evidence. I understand that a

preponderance of the evidence means “more likely than not.”

34. For purposes of this declaration, I have been asked to provide my

opinions on issues regarding unpatentability. [ have been informed of the following

legal standards, which I have applied in forming my opinions.

A. Level of Ordinary SKkill

35. I have been informed a person of ordinary skill in the art is

determined by considering several factors, including the (1) type of problems

encountered in the art; (11) prior art solutions to those problems: (iii) rapidity with

which innovations are made: (iv) sophistication of the technology: and (v)

educational level of active workers in the field.

36. I have been instructed to assume a person of ordinary skill in the art is

not a specific real individual, but rather a hypothetical individual having the

qualities reflected by the factors discussed above.
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B. Prior Art

| Ex-1030 | 3GPP Declaration-of Eriedhelm Rodermund
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advised and understand the information used to evaluate whether an invention was

new and not obvious when made is generally referred to as “prior art.” |

understand that prior art includes patents and printed publications that existed

before the earliest claimed priority date or the earliest filing date of the patent

(which I have been informed is also called the “effective filing date’). I have been

informed and understand that a patent or published patent application is prior art if

it was filed before the earliest filing date of the claimed invention and that a

printed publication is prior art if it was publicly available before the earliest filing

date.

C. Anticipation

38. I have been informed that under 35 U.S.C. § 102, a patent claim is

unpatentable for anticipation if the claimed subject matter was patented or

described in a printed publication before the effective filing date of the claimed

invention. [ have been informed that this is referred to as unpatentability by

anticipation. I have been informed that a patent claim is anticipated under § 102 if

a single prior art reference discloses all limitations of the claimed invention.

D. Obviousness
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39. I have been informed that obviousness under 35 U.S.C. § 103, a patent

claim is unpatentable if the differences between the subject matter sought to be

patented and the prior art are such that the subject matter as a whole would have
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been obvious to a person having ordinary skill in the art to which said subject

matter pertains at the time the invention was made. I have been informed that this

1s referred to as unpatentability by obviousness.

40. I have been informed that a proper obviousness analysis includes the

following:

a. Determining the scope and content of the prior art;

b. Ascertaining the differences between the prior art and the claims at

1SSuc,

c. Resolving the level of ordinary skill in the pertinent art; and

d. Considering evidence of secondary indicia of non-obviousness (if

available).

41. 1 have been informed that the relevant time for considering whether a

claim would have been obvious to a person of ordinary skill in the art is the time of

invention. For my obviousness analysis, counsel for Petitioner instructed me to

assume that the date of invention for the Challenged Claims is December 3, 2016.

My opinions would not change if I assumed a later date of invention.

42. 1 have been informed that a reference may be modified or combined

with other references or with a person of ordinary skill in the art’s own knowledge

if the person would have found the modification or combination obvious. I have

also been informed that a person of ordinary skill in the art is presumed to know all
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the relevant prior art, and the obviousness analysis may take into account the

inferences and creative steps that a person of ordinary skill in the art would

employ.

43. I have been informed that whether a prior art reference renders a

patent claim obvious is determined from the perspective of a person of ordinary

skill in the art. I have also been informed that, while there is no requirement that

the prior art contain an express suggestion to combine known elements to achieve

the claimed invention, and while a suggestion to combine known elements to

achieve the claimed invention may come from the prior art as a whole or

individually and may consider the inferences and creative steps a person of

ordinary skill in the art would employ, as filtered through the knowledge of one

skilled in the art, obviousness grounds cannot be sustained by mere conclusory

statements and must include some articulated reasoning with some rational

underpinning to support the legal conclusion of obviousness.

44. In determining whether a prior art reference could have been

combined with another prior art reference or other information known to a person

having ordinary skill in the art, I have been informed that the following principles

may be considered:

a. A combination of familiar elements according to known methods is

likely to be obvious if it yields predictable results:
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The substitution of one known element for another is likely to be

obvious if it yields predictable results:

The use of a known technique to improve similar items or methods in

the same way is likely to be obvious if it yields predictable results:

The application of a known technique to a prior art reference that is

ready for improvement to vield predictable results:

Any need or problem known in the field and addressed by the

reference can provide a reason for combining the elements in the

manner claimed;

A person of ordinary skill often will be able to fit the teachings of

45.

multiple references together like a puzzle: and

The proper analysis of obviousness requires a determination of

whether a person of ordinary skill in the art would have a “reasonable

expectation of success”—but not “absolute predictability” of

success—in achieving the claimed invention by combining prior art

references.

[ have been informed that, when a work is available in one field,

design alternatives and other market forces can prompt variations of it, either in the

same field or in another. I have been informed that if a person of ordinary skill in

the art could have implemented a predictable variation and would have seen the
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benefit of doing so, that variation is likely to have been obvious. I have been

informed that, in many fields, there may be little discussion of obvious

combinations, and in these fields market demand—mnot scientific literature—may

drive design trends. I have been informed that, when there was a design need or

market pressure and there are a finite number of predictable solutions, a person of

ordinary skill in the art would have had a good reason to pursue those known

options.

46. 1 have been informed that the law permits the application of “‘common

sense”’ in examining whether a claimed invention would have been obvious to a

person skilled in the art. For example, I have been informed that combining

familiar elements according to known methods and in a predictable way may

suggest obviousness when such a combination would vield nothing more than

predictable results. I understand, however, that a claim is not obvious merely

because every claim element is disclosed in the prior art and that a party asserting

obviousness must still provide a specific motivation to combine or modify the

references as recited in the claims and explain why one skilled in the art would

have reasonably expected to succeed in doing so.

47. 1 have been informed that there is no rigid rule that a reference or

combination of references must contain a “teaching, suggestion, or motivation’ to

combine references. But I also understand that the “teaching, suggestion, or
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motivation” test can be a useful guide in establishing a rationale for combining

elements of the prior art. I have been informed that this test poses the question as to

whether there is an express or implied teaching, suggestion, or motivation to

combine prior art elements in a way that realizes the claimed invention, and that it

seeks to counter impermissible hindsight analysis.

48. 1 am not aware of any evidence of secondary considerations that

would support a determination of non-obviousness of the claimed subject matter in

the ’527 patent.

49. 1 have been informed that, in an obviousness analysis, prior art must

be analogous prior art to the patent being considered. I have been informed that a

prior art reference is considered to be analogous, or in the same field of art, if the

reference is either (1) in the same field of endeavor as the challenged patent,

regardless of the problems the challenged patent and the prior art address, or

(2) reasonably pertinent to the particular problem being solved by the challenged

patent.
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EVI. TECHNOLOGY BACKGROUND AND STATE OF THE PRIOR ART

50. The development of wireless communications has been rapid, fueled

in no small part by the world-wide adoption and usage of services made possible

by wireless communications. One of the sub-areas within the broad area of

wireless communications is the development of techniques to enable (and
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capitalize on the resulting benefits) transmissions using multi-antennas, which the

’527 patent relates to. Ex. 1001, cover page.

51. Well before the earliest claimed priority date of the 527 patent

(which I have been asked to assume is December 3, 2016), a large body of

knowledge and associated techniques had been developed. In this section I will

provide an overview of the state of the related art that would have been well known

to a POSITA at the earliest claimed priority date. I will focus the discussion herein

to the techniques of antenna virtualization and antenna port groups that are related

to the 527 patent.

A. Antenna Virtualization in Multi-Antenna Systems
Antenna virtualization was widely used in multi-antenna systems long

before the earliest claimed priority date of the *527 patent, December 3, 2016."-

As described by the 527 patent, antennaEx==1002(Kakaes™ ) §52-Antenna

virtualization refers to the technique of mapping one or more physical antenna

elements to a logical antenna port (i.e., virtual antenna) for transmission of

signals. Kakaes;9452:Ex. 1001, 2:34-38 (“the antenna port is formed by

superposing multiple physical antennas through antenna virtualization:; the

mapping coefficients from the multiple physical antennas to the antenna port(s)

constitute an antenna virtualization vector for the antenna virtualization™). The -

8:52. use of a virtual antenna allows implementation of various
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transmission modes with the physical antennas. For example, as described in the

’527 patent, beamforming,
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which maps multiple physical antennas to one virtual antenna to obtain a signal
with enhanced quality, is an antenna virtualization technique. Kakaes$52:Ex.

1001, 4:43-53 (describing generating a “transmitting analog beam’ and a

“receiving analog beam” by adopting a first and second antenna virtualization

vector, respectively).Ese=1001-4:43-53-
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9.53. To map the multiple physical antennas to antenna port(s) or vice
versa, an antenna virtualization vector is applied. Ex. Kakaes, §53: Ex-1001,2:36-

38.1001, 2:36-38 (““the mapping coefficients from the multiple physical antennas to

the antenna port(s) constitute an antenna virtualization vector for the antenna

virtualization”). The antenna virtualization vector is also referred to as a precoding

vector or a beamforming vector, as shown below. Kakaes; 453: Luo, Abstraet, (0042}

zhang;For example, Luo explains that a UE can “‘create virtual antenna(s) by

implementing precoding.” which can enable “utilizing power amplifiers (PAs)

associated with the multiple physical transmit antennas efficiently while

transmitting over the virtual antenna(s).” Luo, §[00421: see also Luo, Abstract

(“The precoding vector can be applied to a signal for transmission over the

particular virtual antenna, and the disparate precoding vector can be applied to a

disparate signal for transmission over the disparate virtual antenna.”).

63513004
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Luo, Fig. 6 (annotated). Zhang also describes that antenna port virtualization may

be implemented by “applying different vertical beamforming vectors to implement

port virtualization for the different CRS [Cell-specific Reference Signal] antenna

ports.” Zhang, 1[63]. Zhang further explains that “port virtualization to transmit

antennas refers to precoding the reference signal for the CRS port with a precoding

vector.” Zhang, Y[100].

54. It was also well known that antenna virtualization can be implemented
at both a base station (also called an eNB) and a user equipment (UE) in a multi-

antenna system. Kakaes-954:For example, Zhang-235 teaches transmitting

beamforming at the base station and receiving beamforming at the user equipment.

Zhang-235, 4:1-21:. Kang-49f teaches implementing reception antenna
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virtualization such that a group of
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physical antennas can operate “as if the antennas are a single antenna.” Kang,

1[0125}+]. Furthermore, as Kang teaches, it was known that “the transmission

antenna virtualization method and the reception antenna virtualization method are

not limited to the same method” and that various different configurations were

known. Kang, 4[0142], Fig. 10. Ferexample;In some communication systems, it

would be advantageous that the base station implements transmitting beamforming

to transmit signals, and the user equipment implements receiving beamforming to

receive the signals transmitted from the base station. Kakaes54:Zhane235-41-
256719 Kane Y25 0142 Fig-See Zhang-235, 4:1-21 (describing using

“Tx [transmitting] beam and Rx [receiving] beam pairs” for data transmission),

6:7-19 (Table 1 illustrating the UE measuring various transmitting beams and

receiving beams): Kang, §[0125] (forming a receiving beam using multiple

reception antennas), {01421 (discussing using both transmission and reception

antenna virtualization), Fig. 10. The antenna virtualization scheme at the base

station and user equipment can be independently configured. Keakaes454:See

Kang,

o+

9 0142] (“a transmission antenna virtualization method and a reception antenna

virtualization method may be independently configured.”).

B.  Antenna Port Groups

55.  The concept of dividing antenna ports into groups where each group is
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associated with a particular set of resources was also well known. For example,

Kim teaches dividing transmission antennas into five antenna groups, each group
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having eight transmission antennas. Kim, [0057]; see also Kim. §[0083]

(dividing transmission antennas into five beam groups, ‘“each antenna group

includes & transmission antennas’). I note that Kim teaches that “Although the

orouping is made based on actual transmission antennas in FIG.4, the grouping

may be made based on virtual transmission antennas other than the actual

transmission antennas’ Kim, Y[0057]. I furthermore note that the 527 patent

teaches that an antenna port group can consist of a single antenna port. Ex. Kakaes;

455+ Kim-44H005H,+066834:1001, 3:18-19 (“the antenna port group includes only

one antenna port”). When the number of antenna ports is high, there may not be

enough resources to transmit signals for all the antenna ports at the same time.

Kakaes¥55- Dividing the antenna ports into groups allows coordination on

transmission opportunities among the antenna ports. Kakaes 55 Forexample,-

asFor example, Lee teaches transmitting signals for different antenna port groups

at different time/frequency resources. Lee, {9[0118]- [0119]. As shown below,

where the horizontal axes represent time and the vertical axes represent frequency,
signals for antenna port group 1 are transmitted at certain time/frequency

resources, and signals for antenna port group 2 are transmitted at different

time/frequency resources.Kakaes - 455+ Lee 4 0HH8HHO0H9|
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RBI RB2

\_— RBG 1 for RS ——/

1

Lee, Fig. 12: (annotated): see also Lee, Fig. 26:. As another example, Kim also

teaches transmitting signals for different antenna port groups at different time and

frequency resources. Kim, YY[0060], [0083], Figs. 5, 7.

H-VII. THE °527 PATENT

A.  Alleged Invention_of the 527 patent

10:56.The ’527 patent is directed to “a method and device for multi-antenna
transmission in UE and base station.” Ex. 1001, Abstract. According to the ’527
patent, “signaling overhead of wireless resource dynamic scheduling is an urgent

problem to be solved in massive MIMO system[s].” Ex. 71001, 1:42-46.
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+57.The *527 patent aims to solve this problem by associating a time

resource pool with an antenna port group, enabling a UE to quickly determine the

location of the corresponding time resource pool and the antenna virtualization

vectors used for receiving signals on the time resource pool. Ex. 72,1001, 2:3-14.

Figure 9 below illustrates how a different time resource pool is assigned to each

antenna port group for transmitting signals. Ex. %1001, 16:65-17:6.

\ ¢ antenna port
& Q group #K

""" first antenna port

group
LT &
Yy ;
4
~% :
antenna port first antenna antenna port
aroup #1 port group group #K >
tme resource first time resource time resource time
4
pool #1 pool pool #K

Fig. 9
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antenna port first antenna antenna port
aroup #1 port group group #K R
time "@SOJ““'“ first time resource time resource time
pool #1 pool pool #K.

Fig. 9

Ex. 1001, Fig. 9- (annotated).

12.58.The ’527 patent also describes using an antenna virtualization vector
to map the physical antennas to the antenna port(s). Ex. #1001, 2:34-38. For
example, the *527 patent describes the base station using a first antenna
virtualization vector to generate a transmitting beam, and the UE using a second

antenna virtualization vector to generate a receiving beam. 7, 4:47-53,18:46 51

’527 patent
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describes “the first antenna virtualization vector is used to transmit the first

reference signal(s) group.” Ex. 1001, 4:47-53. The ’527 patent further describes a

first antenna virtualization vector for the base station, and a second antenna

virtualization vector for a target receiver. Ex. 1001, 18:46-51. The ’527 patent also

explains “[t]lhe first antenna virtualization vector is used to form an analog

transmitting beam for transmitting the first reference signal group, and the second

antenna virtualization vector is used to form an analog receiving beam for

receiving the first reference signal group(s).” Ex. 1001, 20:3-8. The above are

examples of the alleged invention as discussed in the 527 patent. As I explained

below in Section XI, the prior art taught these concepts as claimed in the respective

claims.

B.  Prosecution History

59.  The applicationthatissued-asthe-’ 527 patent was filed asaceontinuationof

anInternationalJune 3, 2019, as U.S. Patent Application filedenNevember252017No.

16/429,077 and elaimedclaims priority to e Chinese patent application

no. 201611098328.7, filed en-December 3, 2016. Ex. 1001, cover.

Adfteramendments-to-addressrejeetions_During prosecution, the examiner

rejected claims 1-20 under 35 U.S.C. § 112; as indefinite and failing to comply

with the written description requirement. Ex. Examiner1003, 306-317. (in addition

to a double patenting rejection). In response, the applicant filed a terminal

disclaimer and an amendment. Ex 1003, 352-364. The examiner then allowed the
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claims because she thought the prior art did not disclose that

“the first
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antenna virtualization vector is an antenna virtualization vector available to the
base station in the first time resource pool; [and] the second antenna virtualization
vector is an antenna virtualization vector available to the user equipment in the first

time resource pool.” Ex. 1003, 379.

C. Claim Construction

60. I have been instructed that the “intrinsic record” includes the patent

itself, including the claims, description, and figures (Ex. 1001), and the patent’s

prosecution history—i.e., the record of proceedings at the U.S. Patent and

Trademark Office (‘“Patent Office’) concerning the patent (Ex. 1003). I understand

that, like the claims and written description, the prosecution history provides

evidence to a person of ordinary skill in the art of how the inventor intended his

patent to be understood, and how the Patent Office understood the patent. |

understand that the inventor is permitted to apply a special definition to the terms

or to limit the scope of claim terms in his patent claims, which may differ from the

term’s plain and ordinary meaning. That special definition or limitation on scope

may be provided in the patent’s written description, the patent’s prosecution

history, or both.

61. I understand that claim interpretation may also be informed by

“extrinsic evidence” (that is, evidence outside of the patent record itself). I have
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been informed that extrinsic evidence may include dictionaries, technical treatises,
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and other materials evidencing the meaning of a claim term and the understanding

held by a POSITA in the relevant time period.

62. I have been asked for purposes of this declaration to apply the plain

and ordinary meaning of the claim terms as they would have been understood by a

person of ordinary skill in the art at the earliest claimed priority date of the ’°527

patent.

63. I understand that no claim term’s construction is in dispute at this

time. Based on my review of these materials and my personal knowledge and

experience, | have considered each term of the ’527 patent as it would have been

understood by a person of ordinary skill in the art at the earliest claimed priority

date of December 3. 2016.

VIII. LEVEL OF ORDINARY SKILL IN THE ART

64. In rendering the opinions set forth in this declaration, I have been

asked to consider the 527 patent’s claims and the prior art through the eyes of a

person of ordinary skill in the art (which I may also refer to as “one skilled in the

art,” “skilled artisan,” “POSITA.” or similar variation). I have considered factors

such as the educational level and vears of experience of those working in the

pertinent art, the types of problems encountered in the art, the teachings of the

prior art, patents and publications of other persons or companies, and the

sophistication of the technology.
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13-65. Taking the factors described in the Legal Standards — Level of

Ordinary Skill section into consideration, it is my opinion that a person of ordinary

skill in the art (“POSITA”’) would have had at least a master’s degree in electrical

engineering or a similar field and at least two vyears of experience working with

multiple-input multiple-output (MIMO) technology in telecommunications

systems. More work experience can compensate for less education, and vice versa.

B——PriorAxt

IX. Ex1004;USPatent Publication No-2013/0182594to KimetalsTHE
PRIOR ART

66.

In forming my opinions, I found the following prior art relevant when

considering whether the claims of the 527 patent would have been obvious to a

person of ordinary skill in the art.

Ex. 1004

U.S Patent Publication No. 2013/0182594 to Kim et al. (“Kim”)
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Ex. 1005

International Publication No. WO 2015/199414 to Zhang et al.

(G‘Zhan 57)

Ex. 1006

U.S. Patent Publication No. 2015/0195025 to Kang et al. (“Kang™)

Ex. 1007

U.S. Patent Publication No. 2019/0387501 to Park et al. (“Park™)
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A.  Kim (US2013/0182594)

14.67. Kim was published July 18, 2013+spriorartto-the 527 patentunderat
least35-U-S-€ as U.S. Patent publication no.

0263

3 Tho B - od |
US2013/0182594, making Kim prior art.

68. Kim, like the 527 patent, teaches a massive MIMO system where a

base station transmits a wireless signal, such as a reference signal, through multiple

transmission antennas. Kim. €9[0016], [0017], [0049]-[00501, [0055]. Kim teaches

that a user equipment (UE) receives the reference signal and measures a channel

state (e.g., the intensity of a channel, the intensity of interference between a base

station and a UE) using the received reference signal. Kim., §9[00071, [0051]-

[0052].

P -—

—_ i

FIG.3

Kim, Fig. 3 (annotated).
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69. Kim discloses that the base station (evolved Node B, eNB) transmits

the reference signal, such as a Channel State Information-Reference Signal (CSI-
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RS), over multiple beam groups. Kim, I9[0080]-[00815S2017/0195100);]. A

POSITA would have understood that the beam groups correspond to antenna port

oroups because, the same as an antenna port, each beam presents the same

wireless channel characteristics to the UE, which Kim confirms: “the plurality of

beams may be grouped into a plurality of beam groups for transmission, as the

above case of grouping the multiple transmission antennas into multiple antenna

oroups for transmission”. Kim, J[0081].

15.70.For example, as shown below, Kim discloses grouping a plurality of

beams into five beam groups, where each beam group contains eight differently

precoded beams, which correspond to eight antenna ports. Kim, 9[00821-[0083].

Kim teaches that each beam group is transmitted at different from the Kim reference(Ex—

1004US2013/0182594) cited-in-this Petition-time resources, €.g., at different subframes,

“using one CSI-RS resource 700 for 8 ports in each transmission interval”. Kim,

9[0082]-[0083].
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Kim, Fig. 7 (annotated).

71.

Kim is analogous art to the 527 patent because Kim, like the ’°527

patent, relates to “a wireless mobile communication system’ and ‘“‘an effective

transmission and reception method in a MIMO system having scores or more

transmission antennas.” Kim. €Y[0003], [0017]; Ex. 1001, 1:19-20 (““The present

disclosure relates to a multiple antenna transmission method in a wireless

communication system.”): see also Kim. Y[0016], [0049]-[0050], [0055].

Furthermore, both Kim and the 527 patent use the 3GPP RAN, including specific

terms and naming conventions therein, in the various embodiments that they

present. See, e.g.. ’527 patent 1:29-32. 2:29-33. 14:54-58, 20:46-56. 28:61-64,
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Fig. 1, Fig. 13 as well as Kim, Y9[0005]-[0007], [0010]-[0013], [0018]-[0023] as

well as throughout the respective specifications.
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B. Ex1005International Publication No—(WO 2015/199414-t6-)

72.  Zhang etalswas published December 30, 2015;4s as WIPO PCT

publication no. WO2015/199414, making Zhang prior art-te.

73.  Zhang, like the *527 patent, discloses a multiple-antenna system

where a base station transmits a reference signal, such as a CRS (Cell-specific

Reference Signal) or CSI-RS (Channel State Information-Reference Signal), to a

user equipment through multiple antennas. Zhang, 99[ 11, [24]1,[1011-[102], [149].

Zhang discloses that the reference signal is transmitted on virtual antenna ports.

Zhang, 19[16], [63], [67], [100]-[101], [149]-[150].-underatleast 35-U-S-c—§-

74.  Zhang teaches that antenna port virtualization is implemented by

applying a precoding vector, also referred to as a beamforming vector. Zhang,

Abstract (“Port virtualization to a transmit antennas may be implemented for

multiple cell-specific reference signal (CRS) antenna ports and applying different

vertical beamforming vectors to implement port virtualization for the different

CRS antenna ports™)., 19[41] (“‘embodiments of the present disclosure implement

port virtualization to transmit antennas via using multiple CRS antenna ports and

applying different vertical beamforming vectors to the different CRS antenna

ports™), [63] (same), [100]-[101] (“‘The port virtualization to transmit antennas
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refers to precoding the reference signal for the CRS port with a precoding

vector.”), [136] (‘“four different precoding vectors are adopted to implement the

port virtualization to transmit antennas of four CRS ports™).

75. For example, as shown in Figure 19 below., Zhang describes

transmitting the CRS in two antenna ports and transmitting the CSI-RS in nine

antenna ports by applying different precoding vectors. Zhang, €94[1491-[153].

[Fig. 19]

Zhang, Fig. 19 (annotated).

16.76.Zhang is analogous art to the *527 patent because Zhang, like the ’527

patent, 1s directed to “mobile communication systems’ and “reference signal

transmitting and receiving in active antenna systems.” Zhang, Y[11: Ex. 1001, 1:19-

20 (““The present disclosure relates to a multiple antenna transmission method in a

wireless communication system.”); see also Zhang, ({[24], [101]-[102¢a)} -],

[149]. Just as the ’527 patent and Kim use the 3GPP system as an example of a

relevant mobile communication system, so does Zhang throughout the

specification.
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C. Kang (US2015/0195025)
»—Kang was published July 9, 2015,is-priorartto-the 527 patentunderatleast

§H02(a)h-

77.  Ex—100% as U.S. Patent publication no.

US2015/0195025, making Kang prior art.

78.  Kang, like the 527 patent, discloses a multiple-antenna system where

a base station transmits a reference signal, such as a CRS or CSI-RS, to a user

equipment through multiple antennas. Kang, 99[00951-[0098], [0104]. Kang

discloses that the reference signal is transmitted on virtual antenna ports. Kang,

990122]-[0126] (“If 16 transmission physical antennas are present, then every two

antennas can be grouped to form & virtual antennas for CSI-RS transmission or

every four antennas can be grouped to form 4 virtual antennas for CRS

transmission”).

~)

9. Kang further explains that antenna virtualization is “a technology for

mapping a physical antenna to a virtual antenna (or antenna port).” Kang, §[0127].

Kang teaches that antenna virtualization is implemented at both the transmission
side (e.g., a base station) and reception side (e.g., a user equipment) to make a

channel between a virtual transmission antenna and a virtual reception antenna

“more advantageous for communication.” Kang, 99[0123]-[0128]. Figure 10 below

shows implementing antenna virtualization at both the transmitter and the receiver.

Apex Beam Exhibit No. 2003, [PR2023-00603
Page 0073



FIG. 10

¥ 4 # : r ¥
N, N - N, NN,
g e e e

ESp— i ey S SR N R "

i : 1 ! 31

i E._ -{-’ r‘:\:}v \ /he -l‘E;.} ............. e s

““““-l: 2
i :

TRANSMISSION RECEPTION | ¥
ANTENNA ANTENNA
\VIRTVALIZATION __VIRTCALZATION :

TRANSMITTER RECEIVER

0 B

Kang, Fig. 10.

80. As PublicationNo-—2019/0387501toParketal;shown in Figure 12

below, multiple physical antennas at a user equipment are mapped into virtual

antennas such that a wide beam is obtained at the moving direction of the UE to

increase antenna gain.
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FIG 12 User Equipment
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Kang, Fig. 12 (annotated). See also Kang, 19[01401-[0141], [0157]

81. Kang is analogous art to the ’527 patent because Kang. like the ’527

patent, 1s directed to “a wireless communication system” with “multiple antennas”

and “‘virtualizing an antenna.” Kang. €9[0001], [00891, [0115]; Ex. 1001, 1:19-20

(“The present disclosure relates to a multiple antenna transmission method in a

wireless communication system.”): see also Kang, 9[00951-[0098], [0104]. Just as

the ’527 patent, Kim and Zhang discussed above use the 3GPP system as an

example of a relevant mobile communication system, so does Kang throughout the

specification.

Apex Beam Exhibit No. 2003, IPR2023-00603
Page 0075



D. Park (US2019/0387501)

+£82. Park was filed October 4, 2016is-priorartto-the 527 patent-under 35 as
U.S.€-§102¢a)2)- Patent application no.

15/765,356, making Park prior art.

83.  Park discloses a method for “transmitting and receiving Downlink

Control Information (DCI) in a wireless communication system.” Park, §[0002].

Park describes control information transmitted in a PDCCH as Downlink Control

Information (DCI). Park, §[0072]. As shown below, Park describes a DCI format

2C which includes information indicating occupied frequency domain resources

(blue), an MCS (purple), a HARQ process number (orange), an RV (brown), an

NDI (red), and a transmitting antenna port (green).

-
€ 4y 1 RA 8 TPC :

B 3bit Ant port, will RV e WDI1Z| RV2
F b MCS1 (Sbit) i,“ (2bit) MCSZGbIt) kg (abit)

Park, Fig. 14(b) (annotated).

A~——Park explains that the UE monitors the PDCCH and attempts to

decode the DCI format to receive data transmitted to the UE over a

physical downlink shared channel (PDSCH). Challenges

84.  Park,9901541-[0156] (“In order to receive the PDCCH

transmitted to the UE, the UE should perform blind decoding on all CCEs

present in the control region of the non-DRX subframe”), [0071] (“a maximum
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of three OFDM symbols located in a front portion of a first slot of a
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subframe correspond to a control region in which control channels are allocated,

and the remaining OFDM symbols correspond to a data region in which a physical

downlink shared channel (PDSCH) is allocated.”).

85.  Park is analogous art to the ’527 patent because Park, like the ’527

patent, relates to a MIMO communication system. Park, €9[00041, [0109], [0281]:

Ex. 1001, 1:19-20 (“The present disclosure relates to a multiple antenna

transmission method in a wireless communication system.”). Just as the 527

patent, Kim, Zhang, and Kang discussed above use the 3GPP system as an example

of a relevant mobile communication system, so does Park throughout the

specification.

X.  GROUNDS OF UNPATENTABILITY

86. Based on my review of the materials set forth above, including my

application of the knowledge of a person of ordinary skill in the art, it is my

opinion that claims 1-20 of the ’527 patent would have been obvious to one of

ordinary skill in the art.

87. In particular, it is my opinion that claims 1-20 of the ’527 patent

would have been obvious to a person of ordinary skill in the art based on the

Grounds and corresponding combinations shown below:

Ground Claims Basis Prior Art
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1,4-6,9-11, 14-16, and 19-20 | § 103 | Kim and Zhang
1,4-6,9-11, 14-16,and 19-20 | § 103 | Kim, Zhang, and Kang
2-3,7-8,12-13, and 17-18 § 103 | Kim, Zhang, and Park

Kim, Zhang, Kang, and
2-3,7-8,12-13, and 17-18 § 103

Park
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P-XI THE CHALLENGED CLAIMS ARE UNPATENTABLE OVER
THE PRIOR ART

88. In my opinion claims 1-20 would have been obvious to one skilled in

the art at the earliest priority date of the ’527 patent.

A.  Claims 1, 4-6,9-11, 14-16, and 19-20 Are Rendered Obvious ever-by

Kim and Zhang (Ground 1) or Kim, Zhang, and Kang (Ground 2)

1. Overview-ofClaim 1:

+——In my opinion, Kim
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2—Overview of Zhang
18-89. Like the 2527 patent or Kim in view of Zhang diseloses-a-multiple-antenna system-

O d 5

Kim teaches or suggests each element of claim [1Preamble]-[1f] and [1j]. To the

extent Patent Owner argues that a “first antenna pert-virtualization vector” in

claim elements [1g] and [1h] is #mplementednot disclosed or suggested by

applying-aprecoding veetor,-alsoreferredto-asKim, Zhang discloses and renders
obvious a beamferming"‘first antenna virtualization vector—ZhaneAbstract;
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(Fig. 19]

CRS beam 1

CRS beam 0

virtualization vector,”

Like-the 2527 patent; Kang discloses amultiple-and renders obvious a

“second antenna i i 1 ;
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claim elements [1¢] and avirtual-reecption-antenna-morc-advantagcoustor

communiecation:| 1 h].

FIG. 10
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[1Preamble]
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FIG 12 User Equipment
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4—IndependentClaim-1

a. Hpre}: “A method for multi-antenna
transmission in a user equipment, comprising:”

2+91.To the extent the preamble is limiting, Kim discloses a method for
multi-antenna transmission in a user equipment.

22.92. Kakaes;99+-For example, Kim discloses a method that includes
transmitting, by multiple antennas of a base station, a reference signal to a user

equipment. Kim, Abstract, §9[0050]-[0053]._As shown in Figure 3 below, Kim

discloses a base station (300) equipped with multiple transmission antennas (310)

for transmitting wireless signals to a user equipment (320).
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b. [1a}:] “receiving a first radio signal from a base
station; and”

23.93.In my opinion, Kim discloses receiving a first radio signal from a base

station.

24-94. Kakaes:993-For example, Kim discloses the user equipment receiving a
CSI-RS (Channel State Information-Reference Signal) from a base station. Kim,
[00553f]- [0058], [0091]. The CSI-RS is a radio signal transmitted by

transmission antennas of the base station- because the base station transmits

wireless signals, including the CSI-RS, at a frequency that would be understood to

be “radio” frequency of the *527 patent. Kim, [0050], [0058};: Kakaes;994]. The

’527 patent does not delineate “radio” frequency but (a) the term would be

understood by a POSITA to include the frequencies described for the “wireless”

signals in Kim and (b) both the ’527 patent and Kim use the 3GPP LTE & LTE-A

as exemplary embodiments of their respective systems: thus Kim’s “wireless”

signals are certainly within the scope of the ’527 patent’s “radio” signals.

c. [1b}:] “receiving a first signaling from the
base station;”

25.95.1In my opinion, Kim discloses receiving a first signaling from the base

station.Kakaes. 995

26.96.For example, Kim discloses the user equipment receiving a signaling

including control information from the base station, where the control information
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indicates positions of time resources at which a CSI-RS for each antenna group is

transmitted. Kim, §Y[0065], [0069]. FheKim explains that the control information

includes “‘[i]nformation on the time and frequency resource positions at which CSI-

RSs for massive MIMO are transmitted”. Kim, §[0069]. Kim further explains that

the control information is “transferred to the UE, separately from the CSI-RSs.”
Kim, §[0079]. Kim further describes that the control information is received via a
first signaling, such as “a PDCCH (Physical Downlink Control Channel) or an E-
PDCCH (Enhanced-PDCCH3;).” or “a higher layer signaling:.” Kim, §[0107].

d. [1c}:] “wherein the first radio signal is transmitted
by K antenna port groups of the base station;”

27.97.In my opinion, Kim discloses that the csi-rsfirst radio signal (i.c.,

CSI-RS signal) is transmitted by K antenna port groups of the base station.-

Tlalenes 000

28.98.For example, Kim discloses the base station dividing transmission
antennas into a plurality of antenna groups and transmitting the CSI-RS over the

antenna groups:, as shown in Figure 5 below. Kim, §4[0055]-[0058].

Apex Beam Exhibit No. 2003, IPR2023-00603
Page 0091



7 W77

= B

N
O
N
@ 3

—500

:8@ o M R
N
&V
NN

N
N
R

7
AN
\ 7/
AN
\ 7/
N

CSI-RS for Massive MIMO "~ I

.y PN
= e 7 ya A\ 4

#* v

| | At | At GAm\,! T e P . L L Py

«ss o Group | Group | Group up | Group rgup | Group roup roup | Group .s
L[ 2 |8 | 4 | 5 foousTHT |72 47| 5" |Crows °°*

N 7

B T o \ / >

Apex Beam Exhibit No. 2003, [PR2023-00603
Page 0092



NN

o 7
- b 74
5 G w#
% 500
V / tuBt / /
i Y, A
N Fd
\ ’
N ///
> s
R 7
\ ’
\ s
N L
2 s
. \
CSI-RS for Massive MIMO . y
‘— .Sy | /\\\ ,/
P e V. N\
P -
2 \
;; At | Ant | Ant | At | ANy f At | A ‘{\qt ot | At | gy po
e :l‘ [?Up rguD rguD 4bp rgup} GroUps ; T?Up rgu rguD TZW rgup Gfons e
o s
K St teraas anws - l\\ ,"l ;
T ) Time
510 520

FIG.5

Kim, Fig. 5:5 (annotated). Kim notes that “the grouping may be made based on

virtual transmission antennas [antenna ports],” and that the antenna grouping can

be “commonly applied” to the virtual transmission antennas and actual

transmission antennas. Kim, §[0057]. A POSITA would have understood that in

Kim, each virtual transmission antenna constitutes an antenna port because signals
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transmitted over each virtual transmission antenna experience the same channel

characteristics, and the UE receives the signals from each virtual transmission

antenna as if they are transmitted from a single antenna.

29.99. As another example, Kim discloses the base station dividing

transmission beams (antenna ports) into a plurality of beam groups (antenna port

groups) and transmitting the CSI-RS over the beam groups., as shown in Figure

7 below. Kim, §[0080]-[0081].
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30:100.  Kim explains that in Figure 7, each beam group includes eight
antenna ports. Kim, §[0083]. Kim also explains that the beams are generated by
applying different precoding schemes on the same multiple transmission antennas.
Kim,

4[0080]. A POSITA would have understood that in Kim, each beam corresponds to

an antenna port (i.e., virtual antenna);) because each beam experiences the same

channel characteristics, and the UE receives each beam as if it is transmitted from a

single antenna. For the same reason, a POSITA would have also understood that

the plurality of beams in Kim corresponds to multiple antenna ports, and the

plurality of beam groups in Kim corresponds to multiple antenna port groups. The

’527 patent also confirms that “K antenna port groups respectively correspond to K

different beam groups.” Ex. 1001, 17:2-3.
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e. [1d}:] “the antenna port group includes a
positive integer number of antenna port(s);”

3+101. In my opinion, Kim discloses that the antenna port group

includes a positive integer number of antenna port(s).

32-102. Kakaes; 9101-As | explained above; in claim [Ic], Kim discloses

that each antenna port group includes a pluralitypositive integer number of antenna

port(s), e.g., eight antenna ports;altheugh-enly-one-antennaport and undoubtedly “8” is

required-by-theclaim-a positive integer number. Kim, §[0055]-[0057], [0080]-[0083];

supra, §V1X1.A.41.d.

Apex Beam Exhibit No. 2003, IPR2023-00603
Page 0097



f. [1e}:] “a first antenna port group is one of the
K antenna port groups;”

33-103. In my opinion, Kim discloses that a first antenna port group is

one of the K antenna port groups.

34.104.  Kakaes;9103-For example, any of antenna port groups 1-5 in
Figures 4, 5, and 7 of Kim correspond to “a first antenna port group.” Kim,
M[0055]-[0057], [00593+]- [0060], [0080]-[0083], Figs. 4, 5, 7; Kakaes, 104:
supra, §V1XI1.A.41.d.

g. [1f}:] “the first signaling is used to determine a
first time resource pool;”

35:105. In my opinion, Kim discloses that the first signaling+, i.e.,
signaling including the control information), is used to determine a first time
resource pool.

36:106. Kakaes; 9105-For example, Kim discloses that the control
information includes “positions of time and frequency resources at which a CSI-
RS for each antenna group is transmitted.” Kim, §[0069]. Annotated Figures 5 and
7 of Kim below show that CSI-RSs for each antenna port group are transmitted

over separate time resources (subframes). Kim, §4[0060], [0082]-[0083].
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Kim, Fig. 7- (annotated).

107. Kim explains that the control information is “imperative for proper

reception of the CSI-RSs for massive MIMO.” Kim, §[0065]. Kim explains that the

CSI-RS is used by the UE to measure the channel state between the base station

and the UE, which is then used to determine a data rate for the UE to request from

the base station. Kim, 9[0006]-[0007], [0019]. [0021], [0052], [0060]. [0080]. Kim

further states that the UE uses the received CSI-RS signal to “measure channels for

a plurality of transmission antennas or a plurality of beams generated by a plurality

of transmission antennas,” and based on the measurement, conveys channel state

information to the base station. Kim, 9[0130], [0120]. By using the channel state
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information for the first antenna port group provided by the UE, the base station

selects candidate UEs for wireless resource allocation and determines the antenna

ports for transmitting another CSI-RS for the selected UEs. Kim, 99[0120], [0105].

Based on all these teachings, a POSITA would have understood that the first
signaling including the control information is used by the user equipment to
determine a first time resource pool over which the CSI-RS for the first antenna

port group is transmitted—Kakaes;, such that the user equipment can properly

receive the CSI-RS for the first antenna port group.

€107,
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h. [1g}:] “at least one of a first antenna virtualization
vector and a second antenna virtualization vector is
associated with the first antenna port group;”

37:108. 1l understand that in Patent Owner’s infringement contentions,

Patent Owner appears to interpret “at least one of a first antenna virtualization
vector and a second antenna virtualization vector” to require either a first antenna
virtualization or a second antenna virtualization vector, but not both. See Ex. 1022,
15-26 (mapping only “second antenna virtualization vector” to the standards the
accused products allegedly implement); Kakaes;4108.). According to this
interpretation of claim [1g], Kim in view of Zhang renders this limitation obvious
because Kim in view of Zhang renders obvious “a first antenna virtualization

vector” associated with the first antenna port group. Keakaes, §108. 1 the Board-

determines] have also been informed that Helrequires-both-a-firstantenna virtualizationvector

and-a-second-antenna-virtualization-veetorKim-inviewthe construction of Zkangand Kanerenders-

885-88-(Fed—Cir—2004)(holding that the Jistin-the-phrasethe phrase “at least one of —and2is-

eonjunctive).... and” may require each item listed in the phrase. If the
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Board determines that [1¢g] requires both a first antenna virtualization vector and a

second antenna virtualization vector, Kim in view of Zhang and Kang renders this

limitation obvious.

i First antenna virtualization vector

109. In my opinion, the combination of Kim and Zhang renders obvious

that a first antenna virtualization vector is associated with the first antenna port

roup.

Kim discloses that each antenna port group includes multiple antenna ports.
Kim, q9[0055]-[0057], [0080]-[0083]; supra, §34X1.A.41.d. In Kim, the base
station applies a precoding scheme to multiple physical antennas to form an

antenna port (beam or virtual antenna) for transmitting the CSI-RS. Kim, §4[0080}-

[1- [00811:
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Kakaes;$H10-]. As is known in the art, this means the base station uses an antenna
virtualization vector to form the antenna port for transmitting the CSI-RS.Kakaes;
38.110.  «110. And, in the context of the antenna port for transmitting the
CSI-RS, a POSITA would understand that a first antenna virtualization vector 1s
associated with the first antenna port group because the antenna port formed by the
virtualization vector for transmitting the CSI-RS is part of the first antenna port

group. As I noted earlier, the *527 patent teaches that an antenna port group can

consist of a single antenna port. EX. Kakaes; 91101001, 3:18-19.
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the extent Patent Owner argues that Kim does not explicitly disclose such a first

antenna virtualization vector, Zhang renders it obvious. Keakaes--H-Zhang
discloses applying “beamforming vectors [antenna virtualization vectors] to

implement port virtualization.” Zhang, §[63]; see also Zhang, §[150] (“CSI-RS

resources adopt adjacent vertical beams to implement port virtualization——2)-

mplemented-via-Zhang explains that “port virtualization to transmit antennas refers to

precoding the reference signal for the CRS port with a precoding vector.” Zhang,

90 100]. As an example, Zhang discloses ‘“virtualization from signals of CRS port 0 to

the antenna

)y (S

group 0 is implemented via the precoding vector *°~ [ ¢ "1l " »» and “[t]he

virtualization from signals of CRS port 1 to the antenna group 1 is implemented

. . ) @) (1) 1T-W — [w (l)w (1) w(l) ]T- ”s
via the [precoding vector] 7T T7 0 7T a1 o WMl Zhang,

q[101]. Elements in the precoding ve= 7y, €p( ", m = d, = cosi, )

) Z
® 1 no.

s cosi )

VM . ' . Zhang, q[101]. Thus, Zhang discloses applying a

first antenna virtualization vector at a base station to implement an antenna port

virtualization.Kakaes$H1-

40-112. APOSITAIN my opinion, it would have been meotivatedobvious to
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use a first antenna virtualization vector disclosed in Zhang to form Kim’s virtual

antenna port in the first antenna port group because implementing antenna

virtualization by an antenna virtualization vector te-form Kim’s-antenna portwas a

known, conventional technique to a POSITA, as diselesedalso confirmed by Zhang

as discussed above.

(a) Motivation to combine
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4+113. As | explained above, Kim and Zhang are both directed to
transmitting and receiving a reference signal (e.g., CSI-RS) using multiple

antennas: in a wireless communication system, such as the LTE and LTE-A

systems defined by 3GPP. Supra, §§ViIX A via2, IX.B. Like Kim, Zhang

discloses the base station transmitting the reference signal on virtual antenna ports,
or in different beams. Zhang, q[16], [63], [111}; Kakaes, 9113.]. A POSITA would
have been motivated to virtualize Kim’s antenna ports or beams using Zhang’s
antenna virtualization vector (precoding vector) for multiple reasons. Kakaes, 13-

First, a POSITA would have been motivated to virtualize Kim’s antenna
ports or beams using Zhang’s antenna virtualization vector (precoding vector) to
enable the transmission of beams of reference signals in different directions.

42114,  Kakaes;9-14. Kim already discloses applying different precoding
schemes to generate different beams in a beam group. Kim, §[0080]. And it would
have been advantageous to be able to transmit the beams of reference signals in
different directions because doing so would allow UEs to measure the channel state
between the UE and base station in different directions, thereby informing the base
station which direction of beam is suitable for transmitting data to the UE.

43-115. Second, a POSITA would have been motivated to use
Zhang’s precoding vector to effectively and flexibly implement the precoding

scheme in Kim, allowing the beams to be steered towards a desired direction.

Kakaes; 9115-By using a
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precoding vector, the base station can set elements of the vector to control the
amplitudes and phases of the signals sent from the various transmit antennas
individually such that the aggregated signals from the various transmit antennas
correspond to a desired beam direction. /&-The precoding vector also allows the
base station to reduce interference to other cells by selecting elements of the
precoding vector such that the aggregated signals from the various transmit
antennas are directed to UEs in its own cell.-/¢-

44-116. And, third, a POSITA would also have been motivated to use
Zhang’s precoding vector to implement the precoding scheme in Kim, such that
the reference signal beams are generated with different angles to provide coverage
to UEs at different locations. Zhang, Jq[111], [121], [150%; Kekaes 9116.]. For
example, as shown in Zkane’sZhang, Figure 19, nine CSI-RS beams directed to
different directions provide coverage to UEs at different locations of the cell such
that a UE can receive some of the CSI-RS beams regardless of where it is located

within the cell. Zhane 4150} Kakaes; 116 The various- CSI-RS beams-alse-ensure-thataZhang,

19150]. The various CSI-RS beams also ensure that a UE continues to receive the

CSI-RS signal when it moves around the cell. Kakaes;

€116
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(b) Expectation of success

45:117.  Using an antenna virtualization vector (precoding vector) to
implement a virtual antenna port was a well-known and conventional technique
when the ’527 patent was filed. Kakaes§117-Kim describes a precoding scheme

to generate
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different beams (antenna ports) without explaining how a precoding scheme
is specifically implemented with a precoding vector, because using precoding
vectors to form virtual antenna ports was routine, conventional, and well
understood in the art. /&-Both Kim’s and Zhang’s systems use the same underlying
technology, e.g., wireless communication using multiple antennas and virtual

antenna ports. /¢-

Zhang teaches that Kim’s precoding scheme could be implemented with a

precoding vector according to its known, routine function to form a virtual antenna

port. Kakaes$H17:See, e.g., Zhang, Y9[100]-[101}-] (adopting a precoding vector

to form a CRS port).

Using Zhang’s antenna virtualization vector in Kim’s precoding scheme to form a

virtual antenna port would result in the ordinary and expected operation of antenna

virtualization, which is used to transmit the reference signal. Kakaes H17:eo

wmusingSee, e.g., Zhang,

9911011-[102] (adopting a precoding vector to form a CRS port which is

transmitted by the base station) . Thus, a POSITA would have reasonably expected

to succeed in using Zhang’s antenna virtualization vector to form Kim’s antenna

beams by associating an antenna virtualization vector (precoding vector) with a

first antenna port group.Kakaes 17

ii. Second antenna virtualization vector

Apex Beam Exhibit No. 2003, IPR2023-00603
Page 00112



118. In my opinion, the combination of Kim and Kang renders obvious that

a second antenna virtualization vector is associated with the first antenna port

roup.
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46:119.  Kim discloses that a user equipment can be equipped with
multiple reception antennas to receive multiple spatial channels. Kim 9[0051}: Kakaes;

119 Kim, Y[0051] (describing that the UE can receive multiple spatial channels,

which depends on the number of reception antennas at the UE). To the extent Kim

does not explicitly disclose using an antenna virtualization vector at a user
equipment, Kang renders obvious using a virtualization vector to implement
antenna virtualization at the receiver side for receiving the CSI-RS signal
transmitted over the first antenna port group. Kakaes §119.

47:120. Figure 10 of Kang shows implementing antenna virtualization at

both the transmitter and the receiver.
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Kang, Fig. 10.
121. Kang discloses that a user equipment includes multiple antennas, and

virtual antenna ports are formed to receive a reference signal, as shown below- in
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annotated Figure 12. Kang, q[0088], [0125]-[0126], [0137]-[0142], [01571-[]-

[0158], Figs. 10, 11(b), 12-13.
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48:122.  Kang explains that the user equipment applies an antenna
virtualization pattern to map the physical antennas to virtual antennas. Kang,

1401 38101446+-9[0138] (“antenna virtualization can be performed such that an

antenna pattern having a wide beamwidth in the moving direction of the UE”),

€910146] (describing generating a virtual antenna pattern that is robust against

channel aging). A POSITA would have understood that the antenna virtualization

pattern in Kang corresponds to an antenna virtualization vector (beamforming

vector) to form a-reeeiving beam-—IKakaes; H22 (eiting Lhane,LoneLhane1CC-
s e e
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receiving beam. This is shown by ample references describing using an antenna

virtualization vector (beamforming vector) to form a receiving beam before the

’527 patent was filed. For example, Zhang explains that beamforming vectors are

used to implement antenna virtualization. Zhang, 9 [63] (“Port virtualization to

transmit antennas may be implemented for multiple Cell-specific Reference Signal

(CRS) antenna ports and applying different vertical beamforming vectors to

implement port virtualization for the different CRS antenna ports.”). Similarly,

Long describes using a beamforming vector W; to realize beamforming on multiple

antennas. Long, 3. Zhang-ICC describes joint transmitter-receiver beamforming

and constructing a receive beamforming vector **. Zhang-ICC, 2-3. The

advantages of using joint transmitter-receiver beamforming over transmitter-only

beamforming and/or receiver-only beamforming are clearly summarized in Zhang-

ICC at Fig. 5 and Fig. 6 of Zhang-ICC. Li describes that receive beamforming is

implemented by adding a phase shift to signals from each receive antenna and

combing the phase-shifted signals, which in effect is applying an antenna

virtualization vector to the signals received from the receive antennas. Li,

9900891, [0090]: Fig. 5C. Pham similarly describes constructing a receive

beamforming vector W, to receive signals transmitted in MIMO system. Pham, 2-

3. Hara also describes constructing a beamforming vector v, for receiving

beamforming signals. Hara, 1-3.
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49:123.  Kang further explains that the antenna virtualization at the user
equipment enables a wide beamwidth in the moving direction of the user
equipment, such that channel state inconsistency is reduced when the user
equipment moves at a high speed and antenna gain is increased. Kang, {[0141],
[0157]. Kang also discloses that the signal received by the user equipment is
transmitted over a virtual antenna port at the base station. Kang, §9[0124], [0126].

50-124. It would have been obvious to a POSITA to apply Kang’s
antenna virtualization vector at the user equipment to receive Kim’s CSI-RS
signal that is transmitted over the first antenna port group at the base station.
Kakaes; 9124-Kang’s antenna virtualization vector would be associated with the first
antenna port group because Kang’s antenna virtualization vector would be used to

receive signals transmitted over the first antenna port group. Kakaes, 4124

irtualization. as disclosed
kang

(a) Motivation to combine

5+125.  Kim and Kang are both directed to transmitting and receiving a
reference signal (e.g., CSI-RS) using multiple antennas. Supra,$svi §§IX. A1
viA3, [X.C. Like Kim, Kang discloses the base station transmitting the reference
signal on virtual antenna ports or beams. Kang, 9[0090], [0126}: Kakaes, 125.].
Kim teaches beamforming using multiple transmission antennas to improve signal
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quality, and a POSITA would have understood that receiving beamforming—a
reciprocal process to transmitting beamforming—similarly improves the received

signal quality when multiple
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receiving antennas are available. Kakaes-$H25: Kim, 49[0006], [0013]; Pham, 1
(noting the architecture of “transmit and receive beamforming” had been studied
extensively). A POSITA would have been motivated to implement reception
antenna virtualization at Kim’s user equipment by using an antenna virtualization
vector, so as to improve received signal quality at the user equipment in multiple
ways.KakaesH25-

126. First, it was well known that in a massive MIMO system as disclosed
in Kim, the user equipment is equipped with multiple receiving antennas, and a
reception beam can be formed by using an antenna virtualization vector to increase

antenna gain and improve received signal quality. For example, Park-902

describes using multiple reception antennas at a user equipment and forming a

reception beam to achieve a signal power increasing effect. Park-902, 9 [0101]-

[0102] (“when a reception beam is formed by utilizing a massive reception

antenna, it may be able to expect a signal power increasing effect according to an

antenna array gain’), Fig. 12. Similarly, Zhaneo-ICC explains that “joint

transmitter-receiver beamforming [] offers a performance advantage of transmitter-

only, or receiver-only beamforming and a computational burden balanced over

both ends of the transmission link.” Zhang-ICC, 1. Figs. Kakaes; $H26-(eiting-

Park-902 Zhane1CCLhane—2351+)5 and 6 of Zhang-ICC shows that, by using

joint transmitter-receiver beamforming (e.g., closed-form (8, 2) with eight transmit

antennas and two receive antennas), the receiver performance is significantly
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better than the transmitter-only beamforming (e.g.,
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MSNR (8, 1) with eight transmit antennas and one receive antenna) in both the

received bit error rate (BER) and signal-to-noise-and-interference ratio (SNIR)

performance. Zhang-I1CC, 5-6. Zhang-235 describing implementing “UE side Rx

[receiving] beamforming to enable beam mobility.” Zhang-235, 4:6-21. Fig. 1. Li

describes that beamforming is applied at both the base station and the UE and the

base station chooses the best transmit and receive beam pairs from measurement

report from the UE. Lz, {[0117], [0131], [0133]; Figs. 11, 12. By using an antenna

virtualization vector, received signals at each receiving antenna are appropriately
combined to form a reception beam, achieving an antenna array gain at the UE.
Kakaes4H26-The elements of the antenna virtualization vector can be selected
based on the channel between each receiving antenna and the base station such
that the reception beam is formed in the direction towards the UE, effectively
increasing the received signal power at the UE. /¢-Thus, a POSITA would have
been motivated to take advantage of the multiple antennas at the UE by using an
antenna virtualization vector to improve the received power of Kim’s reference
signal, which allows the UE to receive data from the base station at a higher rate.-
Lk

127. Second, as taught by Kang, implementing reception antenna
virtualization by using an antenna virtualization vector would minimize
performance deterioration due to channel aging resulting from the UE movement,

which would be a problem for Kim’s celiphone-user equipment- in the form of cell
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Kang, q[0141], [0151], [0157:Kakaes$H27]. For example, Kang explains that

receiving antenna virtualization is performed to form an antenna pattern having a
wide beamwidth in the moving direction of the UE, such that channel states remain

the same when the UE moves at a high speed, which improves reception of data by

the UE. Kene 99[0138]. 10146} Kakaes; 9127Kang, 9 [0138]. Kang further

explains that the receiving antenna virtualization pattern is adapted based on the

moving speed of the UE such that a proper balance between increasing

transmission power efficiency and robust against channel aging is achieved when

generating the virtual antenna pattern. Kang, 4[0146]. All of this would help

improving reception of data by the UE.

(b) Expectation of success

52:128.  Using an antenna virtualization vector to implement receiving
beamforming at the user equipment was a well-known and conventional technique
when the ’527 patent was filed. Kakaes-9128-The 527 patent does not explain how
to use an antenna virtualization vector to form a receiving beam, because using an
antenna virtualization vector to form a receiving beam was routine, conventional,
and well understood in the art. See generally Ex. 1001; Kakaes 9128, Both Kim’s and
Kang’s systems use the same underlying technology, e.g., wireless communication
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using multiple antennas and virtual antenna ports. Kakaes; §128-Kim’s massive
MIMO system could include a user equipment with multiple receiving antennas to
implement reception antenna virtualization with an antenna virtualization vector

according to the known, routine
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aceording-to-the known;reutine-process of receiving beamforming, as taught by

Kang. Kakaes$H28:See Kang, 4[0138]-[0141]. Using Kang’s antenna

virtualization vector to implement receiving beamforming in Kim’s MIMO system
would result in the ordinary and expected operation of receiving beamforming,
which is used to improve the quality of the received signal. Keakaes$H28:See, e.g.,
Kang, 4[0141], [0151], [0157]. Thus, a POSITA would have reasonably expected
to succeed in using Kang’s receiving beamforming technique and receiving
antenna virtualization vector at the UE to receive Kim’s reference signal, resulting
in a second antenna virtualization vector associated with the first antenna port
group.
eakses—SH2N-

i. [1h}:] “the first antenna virtualization vector is

an antenna virtualization vector available to the
base station in the first time resource pool;”

129. In my opinion, the combination of Kim and Zhang renders obvious

that the first antenna virtualization vector is an antenna virtualization vector

available to the base station in the first time resource pool.

53-130.  Kim discloses that the base station applies a precoding scheme in
the first time resource pool (the time resource corresponding to the first antenna
port group) for transmitting the CSI-RS corresponding to the first antenna port

group. Kim, [Y[0080]-[0083]. AndbeeauseAs | discussed above for claim [1g], the

combination of Kim and Zhang renders obvious that the precoding scheme applied
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by the base station includes a precoding vector (first antenna virtualization vector).-

$VEA4-hi). The combination

Apex Beam Exhibit No. 2003, [PR2023-00603
Page 00129



of Kim and Zhang thus also renders obvious that the first antenna virtualization

vector 1s an antenna virtualization vector available to the base station in the first

time resource pool. Supra, $XI.A.1.h.1.

je [1i}:] “the second antenna virtualization vector is
an antenna virtualization vector available to the
user equipment in the first time resource pool;
and”

131. In my opinion, the combination of Kim and Kang renders obvious that

the second antenna virtualization vector is an antenna virtualization vector

available to the user equipment in the first time resource pool.

Kim discloses that the user equipment in a massive MIMO system could

include multiple reception antennas. Kim, §[0051]. As I discussed above in claim

[1g]. Kang discloses that the user equipment uses a second antenna virtualization
vector to form a reception beam for receiving the reference signal from the base
station. Kang, Y4[0138], [0146]; supra,

54-132. svi §X1.A.41.h.i1. Kang’s second antenna virtualization vector

used to form a reception beam would be available to the user equipment in the
first time resource pool (the time resource corresponding to the first antenna port
group) because that second antenna virtualization vector would be used to receive
the reference signal transmitted by the first antenna virtualization vector in the
first time resource pool. Kakaes §132-Stated another way, in the combination, Kim’s

CSI-RS signal is transmitted by the base station in the first time resource pool
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using the first antenna virtualization vector, and is received by-the UE-in the first time-

Apex Beam Exhibit No. 2003, [PR2023-00603
Page 00131



1abs] ] . o e Fect | Kakaes$132:

the UE in the first time resource pool using the second antenna virtualization

vector. And because the combination of Kim and Kang renders obvious that the

user equipment uses a beamforming vector (second antenna virtualization vector)

for receiving the CSI-RS transmitted from the base station, the combination thus

also renders obvious that the second antenna virtualization vector is an antenna

virtualization vector available to the user equipment in the first time resource pool.

Supra, §XI1.A.1.h.1i. A POSITA would have understood that the transmit and

receive beams formed by the first and second antenna virtualization vector

respectively are related to the same transmission, thus are available to the base

station and user equipment respectively during the same “time resource pool”. See

also Zhane-1CC, 5-6 (showing applying joint transmitter-receiver beamforming for

one transmission, i.e., during the same time).

k. [1j}:] “the K is a positive integer greater than 1.”

55:133. In my opinion, Kim discloses that the CSI-RS is transmitted by

a number of antenna port groups that is a positive integer greater than 1. Kakaes.-
133-For example, Kim discloses transmitting the CSI-RS by five antenna port

groups. It is indisputable that “5” is a positive integer greater than 1. Kim,

€9[0057], [0060], [0083]; supra, §viXL.A.41.d.

Apex Beam Exhibit No. 2003, [PR2023-00603
Page 00132



5—Claim 4

1:2.  Ha}:: “The method of claim 1, further comprising:

receiving first information, wherein the first information is
used to determine the first antenna port group; or”.
transmitting second information, wherein the second
information is used to determine K1 antenna port group(s);
the K1 antenna port group(s) belong(s) to the K antenna
port groups; the first antenna port group is one of the K1
antenna port group(s); the K1 is a positive integer.”

For the reasons I discussed above, the combination of Kim and Zhang; or the

combination of Kim, Zhang, and Kang renderrenders obvious claim 1. Su#pra;

134. $viAIn my opinion, the combination of Kim and Zhang or the

combination of Kim, Zhang, and Kang also renders obvious claim 4.

135. Claim 4 recites two alternative options separated by “or.” A POSITA

would have understood that satisfying any one of these two options satisfies the

requirements of claim 4, which I understand is consistent with legal standards.

56:136.  Kim discloses that the user equipment receives first information,
which is used to determine the first antenna port group. Kekaes;4136. For example,
Kim discloses that the user equipment receives control information including
“[1]nformation on the number of antenna groups,” “[i]nformation on the number of
transmission antennas which configure each of the antenna groups,” and “positions
of time and frequency resources at which a CSI-RS for each antenna group is
transmitted.” Kim, §[0067]-[0069]; Kim, §[0057] (explaining that “the [antenna]
grouping may be made based on virtual transmission antennas [antenna ports]”).

Kim explains
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#Kin-explains-that the control information is “imperative for proper reception of the
CSI-RSs for massive MIMO.” Kim, §[0065].

A POSITA would have understood that Kim’s control information, e.g., the
number of antenna groups and resources at which a CSI-RS for each antenna group
is transmitted, is used to determine the first antenna port group over which the
CSI-RS is transmitted such that the CSI-RS is properly received by the UE-
Kakaes;

57137.  s137user equipment. Kim explains that the CSI-RS is used by the

UE to measure the channel state between the base station and the UE, which is
then used to determine a data rate for the UE to request from the base station. Kim,
1900006]-[0007], [0019], [0021], [0052], [0060], [008073: Kakaes; 4137 ]. Kim further
saysstates that the UE uses the received CSI-RS signal to “measure channels for a
plurality of transmission antennas or a plurality of beams generated by a plurality
of transmission antennas,” information of which is notified to the base station as

channel state information. Kim, 9[01301, [0120]. By using the channel state

information for the first antenna port group provided by the UE, the base station

selects candidate UEs for wireless resource allocation and determines the number

of antenna ports for transmitting another CSI-RS for the selected UEs. Kim,

9101201, [0105]. Therefore, Kim discloses that the first information, e.g., the

number of antenna groups and resources at which a CSI-RS for each antenna
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oroup, is used by the UE to determine the first antenna port group, and the channel

state information of the first
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first-antenna port group is sent to the base station for subsequent reference signal

and data transmissions.Kakaes$H37-

o 66 1t 3 2 2
. Teee

2.3. Claim 5:

a. [Sa}:] “The method of claim 1, wherein the first
time resource pool is discontinuous in time
domains;-e¥>;”

58-138. For the reasons I discussed above, the combination of Kim and

Zhang; or the combination of Kim, Zhang, and Kang renderrenders obvious claim

1. SupresIn my opinion, the combination of Kim and Zhang or the combination of

Kim, Zhang, and Kang also renders obvious claim 5.

59:139.  svia4-Kim discloses that the first time resource pool is
discontinuous in time domain. Kakaes, 9139 Annotated Figures 5 and 7 of Kim below
show that the first time resource pool corresponding to the first antenna port group

(e.g., antenna group 1, beam group 1) is discontinuous in time domain.
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Kim, Fig. 5- (annotated).
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Kim, Fig. 7- (annotated).

b. [Sb}:] “the first signaling is a semi-static signaling.”

60-140. Claim 5 includes an “or” between [5a] and [Sbise-enb-]. A

POSITA would have understood that satisfying any one of thethese two

limitations must be-tausht tosatisfy-satisfies the requirements of claim 5-See Brown-

265 E3dat 135+, which I understand is consistent with legal standards.

61141. Nonetheless, Kim discloses that the first signaling (signaling

including control information) is a semi-static signaling. Nenetheless—Kin-

statie-signaling-Kakaes §141-For example, Kim discloses that “some of the

information may be set using a higher layer signaling while only indispensible

[sic] information is transmitted using a PDCCH or an E-PDCCH” as well as that

one way of “reducing the quantity of control information” is to “semi-
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statically set the transmission resources.” Kim, §$9[0107]-[0108]. The 527 patent

confirms that the semi-static signaling includes a higher layer signaling, such as

RRC signaling. Ex. 1001, 14:54-56. A POSITA would have also understood that

higher layer signaling is used for configuring parameters semi-statically as “semi-

static” configuration of parameters was known in 3GPP 3G and 4G

telecommunication standards.
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3.4. Independent Claim 6:

142. f6pre}:Claim 6 is substantively identical to claim 1, except that it

recites the base station transmitting and receiving, rather than the user equipment

receiving and transmitting, information, [6Preamble], [6a], and [6b]. The

remaining elements of claim 6, [6¢]-[61], are substantively the same as elements

[1c]-[17]. The above discussion for claim 1 describes both the transmission and

reception of the base station and user equipment and, therefore, also explains why

each element of claim 6 is taught or rendered obvious by the combination of Kim

and Zhang or the combination of Kim, Zhang, and Kang. Supra § XI1.A.1 (claim 1).

a. [6Preamble]| “A method for multi-antenna
transmitting in a base station, comprising:”

62-143. To the extent the preamble is limiting, Kim discloses amethod-

for multi—antenna transmitting in-a base station—Kakaes; 9443-[ 6Preamble] as discussed in

[1Preamble]. Supra § XI.A.1.a. As discussed for [+prel Preamble], Kim discloses

a method that includes transmitting, by multiple antennas of a base
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station, a reference signal to a user equipment. Kim, Abstract, §[0050]-[0053],
Fig. 3.

b. [6a}:] “transmitting a first radio signal to a
target receiver; and”

Kim discloses tremsiibaas - Hedrndboaonn lon-brrepecebeer lonlpe s

63.144.  «144[6a] as discussed in [1a]. For example, Kim discloses the

base station transmitting a CSI-RS to a UEuser equipment (target receiver). Kim,

19[0055]-[0058], [0091], [0132]; supra:$VI § XI.A4Lb.

c. [6b}:] “transmitting a first signaling to the
target receiver;”

Kim discloses transmttineatiststonahneto-the birrebreechver—hakaes:

64-145. “145.[6b] as discussed in [1b]. For example, Kim discloses the

base station transmitting a first signaling including control information to the

UEuser equipment (target receiver), the control information indicating positions

of time resources at which a CSI-RS for each antenna group is transmitted. Kix

Kim,

19100651, [0069], [0079]; supra § XI.A.].c.

d. [6¢c}:] “wherein the first radio signal is transmitted
by K antenna port groups of the base station;”

65:146. As-discussed-abovefor el Kim discloses thistimitation-[6C] as discussed in

[Lc]. Supra-$vi § X1.A.4]1.d: Kakaes; 146,

e. [6d}:] “the antenna port group includes a
positive integer number of antenna port(s);”
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66-147. As-diseussed-abovefor [1d}-Kim discloses thistimitation-[ 6d] as discussed in
[1d]. Supra-$v1 § X1.A.41.e;Kakaes; 147,

f. [6e}:] “the first antenna port group is one of the
K antenna port groups;”

67-148. As-diseussed-abovefor [1e},-Kim discloses thislimitation-[ 6€] as discussed in
[Lle]. Supra-$ § XI. A 41 .f: Kakaes; 9148,
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g. [6f}:] “the first signaling is used to determine a
first time resource pool;”

68-149. As-diseussed-abovefor [H}-Kim discloses thislimitation[ 6f] as discussed in

[Lf]. Supra-$vi § X1.A.4]1.g: Kakaes- 9149,

h. [6g}:] “at least one of a first antenna virtualization
vector and a second antenna virtualization vector is
associated with the first antenna port group;”

and Kang renders this-Hmitation-obvious: [6g] as discussed in [1g]. Supra; § XI.A.1.h.
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i. [6h}:] “the first antenna virtualization vector is
an antenna virtualization vector available to the
base station in the first time resource pool;”

69:151. As-diseussed-abevefor[1h]-Kim in combination with Zhang renders
this limitation-obvious. [6h] as discussed in [1h]. Supra-—$vi § X1.A .41 .1:Kakaes 51

[6i}:] “the second antenna virtualization vector is an
antenna virtualization vector available to the target
receiver of the first signaling in the first time resource

pool; and”

i

70-152. As-diseussed-abevefor [1i}-Kim in combination with Kang renders

obvious tha

$VEA4[61] as discussed in [1i]. Supra § X1.A.1.j; Kakaes; 9152.

k. [6j}:] “the K is a positive integer greater than 1.”

71153. As-diseussed-abovefor [1}-Kim discloses thistimitation-[ 6]] as discussed in
[17]. Supra.svi § XI1.A.41 k: Kakaes, 153,
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6——Claim 9

4.5. 9a}:: “The method of claim 6, further comprising:
transmitting first information, wherein the first information
is used to determine the first antenna port group; or>.
receiving second information, wherein the second
information is used to determine K1 antenna port group(s);
the K1 antenna port group(s) belong(s) to the K antenna
port groups; the first antenna port group is one of the K1
antenna port group(s); the K1 is a positive integer.”

72:154.  The combination of Kim and Zhang; or the combination

of Kim, Zhang, and Kang renderrenders obvious claim 6-—Supreas, as

discussed above.

VLA Kim-disel ot thel . o et int o chich
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155. The additional limitations of claim 9 are substantively identical to

claim 4, and are therefore disclosed by Kim for the reasons discussed in claim 4.

Supra § X1.A.2.

5.6. Claim 10:

a. [10a}:] “The method of claim 6, wherein the first
time resource pool is discontinuous in time domain;
Or”

73-156.  The combination of Kim and Zhang; or the combination

of Kim, Zhang, and Kang renderrenders obvious claim 6-—-Su#preas;, as

discussed above.

D) . DAY= Y )

157. The additional limitations of claim [10a] are substantively identical to

claim [5a], and are therefore disclosed by Kim, for the reasons discussed in claim

[5a]. Supra § XI.A.3.a.

b. [10b]: “the first signaling is a semi-static signaling.”
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additional limitations must-be-tavght-to-satisfy-of claim +0--See Brown265-F3dat-
5k

Nonetheless;-as-diseussed-abovefor-[10b] are substantively identical to claim
[5b], and are therefore disclosed by Kim diseloses-thistimitation-

74-158. for the reasons discussed in claim [5b]. Supra-$v1 § X1.A.63.b:

Kakaes; 9158.
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6.7. _ Independent Claim 11:

159. piprel:Claim 11 is substantively similar to claim 1, except that it

claims the user equipment itself performing functions, rather than being a

method claim. Elements [11a]-[11b] recite a “first transceiver,” and a “second

receiver’ performing steps comparable to steps [1a]-[1b]. The above discussion

for claim 1 describes why each element of claim 11 is taught or rendered obvious

by the combination of Kim and Zhang or the combination of Kim, Zhang, and

Kang, although the specific “transceiver’” and “receiver’ are further discussed

below. Supra § XI.A.1 (claim 1).

a. [11Preamble] “A user equipment (UE) for multi-
antenna transmission, comprising:”

75:160. To the extent the preamble is limiting, Kim discloses auser

equipment for multi-antenna-transaission1Kakaes-960-[ 1 1 Preamble] as discussed in

[1Preamble]. For example, Kim discloses that a base station transmits a reference

signal to a user equipment through multiple transmission antennas. Kim, Abstract,
1910050]-[0053], Fig. 3; supra-svi § XI.A.4].a.

b. [11a}:] “a first transceiver, receiving a first radio
signal from a base station; and”

161. AsKim discloses [11a] for the reasons discussed abeveforin [ 1a}Kim’suser
equipment receive adio-signalfe-g- CSI-RS) froma-basestation: . SUPra-—$Vi

§ XI.A.41.b:Kakaes$H61. Kim discloses that the user equipment includes
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receivers 1510 and 1530 for receiving the CSI-RS signals. Kim, q{[0021], [0132],
Fig. 15, claim 29. But it would have been obvious to implement at least one of
these receivers as part of a transceiver because Kim’s user equipment also

transmits signals, such as
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channel state information, to the base station. Kim, §[0019], [0021]. A transceiver,
1.e., a combination of a transmitter and a receiver in a single module, was routinely
implemented in user equipment (e.g., mobile phones and tablets) for wireless

communication and provides benefits such as space saving and cost saving in the

mobile devices. Kakaes; - $H61see—eeHw-The use of a transceiver in a UE to

transmit and receive signals was routine and conventional years before the 527

patent was filed. See, e.o.. Hu,

[0142] (describing having transceivers (XCVR) in the access terminal 1550);
Olsson, Y[0046]-[0047] (describing a transceiver circuitry in a user equipment);
Vitthaladevuni, §[0160] (the transmitter and receiver “may be collectively referred
to as a transceiver”). Because Kim’s user equipment also performs the functionality
of transmitting to the base station, it would have been obvious to a POSITA to
implement at least one of Kim’s receivers as part of a transceiver in the user
equipment to receive the first radio signal from the base station, to save space and
cost. Kakaes;$H-61-And a POSITA would have had a reasonable expectation of
success in doing so because implementing a transceiver in a UE to receive and
transmit information was a conventional and routine technique, as described in Hu

and Olsson.Jakaes; H-61-

c. [11b}:] “a second receiver, receiving a first
signaling from the base station;”

162. AsKim discloses [11b] for the reasons discussed abeveforin [ 1 b} Kim’suser
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station:]. SUPra;-$V1
§ XI.A.41.c:Kakaes9H62-. It would have been obvious to implement a second

receiver in Kim’s user equipment for receiving a first signaling from the base

station.Kakaes; $H-62-
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76:163.  Kim discloses that the user equipment includes multiple
receivers for receiving signals from the base station. Kim, 99[0021], [0132]. Kim
also discloses that the user equipment includes a controller 1520 for receiving
control information from the base station and for controlling multiple receivers.
Kim,

49100217, [0132], Fig. 15. Kim further discloses a massive MIMO system where
the user equipment is equipped with multiple reception antennas. Kim, §f[0049]-
[0051*Kakaes;9H-63-]. It would have been obvious to implement in Kim’s user
equipment multiple antennas and multiple receivers connected to the antennas,
each antenna being connected to a receiver to convert the radio signal received
from the antenna to a baseband signal for further MIMO processing. Kakaes$H63-
A POSITA would have found implementing in a user equipment multiple antennas
and multiple receivers connected to the antennas routine and conventional years
before the *527 patent was filed, and would have had a reasonable expectation of
success in doing so. Kakaes$H63seeSee also Luo-330, §[0037] (providing
multiple antennas and receivers where a respective receiver is connected to each

antenna), Fig. 2: (showing receivers 254a and 254r, each connected to antennas

252a and 252r for receiving respective signals); Vitthaladevuni, §[0120]

(sameproviding multiple antennas and receivers where a respective receiver is

connected to each antenna), Fig. 10; (showing receivers 1062a and 1062r, each

connected to antennas 1061a and 1061r for receiving respective signals); Hu,
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q910059], [0142]-[0143+] (providing multiple antennas and
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transceivers where a respective transceiver is connected to each antenna), Figs. 3,

12 (showing transceivers 1554A and 1554R, each connected to antennas 1522A

and 1522R for receiving respective signals) Fgs=3+42. Such arrangement was a
conventional and commonly adopted architecture in a MIMO system, allowing for
efficient processing of radio signals received from multiple antennas and

individual control of the antennas. Kakaes:
$H-63-Therefore, it would have been obvious to implement in Kim’s user
equipment a second receiver connected to a second antenna, where the second

receiver is configured to receive signals, including a first signaling;transmitted-

from-the-basestation—JKakaes; $H-63- (signaling including control information),

transmitted from the base station. As such, the combination represents nothing

more than known components operating according to their ordinary and expected

functions to vield predictable results (receiving transmitted signals).

d. [11c}:] “wherein the first radio signal is transmitted
by K antenna port groups of the base station;”

164. Asdiscussed-aboveforfe}-Kim discloses thistimitation[ 1 1¢] for the reasons
discussed in [1c]. Supra-$v1

§ X1.A.41.d:Kakaes; H-64.

e. [11d}:] “the antenna port group includes a
positive integer number of antenna port(s);”

F7165. As-discussed-abovefor[Hd}-Kim discloses thistimitation-[ 1 1d] as discussed

in [1d]. Supra-s § X1.A.4]1.e;Kakaes, 165,
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f. [11e}:] “the first antenna port group is one of the
K antenna port groups;”

78-166. As-diseussed-abovefor [1e},-Kim discloses thislimitation| 1 1€] as discussed

in [1e]. Supra;-$vi § XI.A 41 .f: Kakaes; 9166,
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g. [11f}:] “the first signaling is used to determine a
first time resource pool;”

79:-167. As-discussed-abovefor [H]-Kim discloses thislimitation[ 1 1f] as discussed
in [1f]. Supra;-$v1 § X1.A 41.g; Kakaes; 9167

h. [11g}:] ““at least one of a first antenna virtualization
vector and a second antenna virtualization vector is
associated with the first antenna port group;”

80:168. As-diseussed-abevefor-{He},-Kim in combination with Zhang or

Kim in combination with Zhang

and Kang renders this-hmitation-obvious: [ 1 1¢g] as discussed in [1g]. Supras §
XI.A.1.h.

i. [11h}:] “the first antenna virtualization vector is
an antenna virtualization vector available to the
base station in the first time resource pool;”

81:169. As-diseussed-above for [Hh} Kim-in | he combination withof Kim

and Zhang renders this limitation-obvious: [ 1 1h] as discussed in [1h]. Supra;

$v § XI.A.4] . 1-Kakaes; 9469,

je [11i}:] “the second antenna virtualization vector is
an antenna virtualization vector available to the
user equipment in the first time resource pool;

and”

82:170. As-discussed-above for {1} Kim-in ] he combination sithof Kim and

Kang renders this limitation-obvious. [ 1 11] as discussed in [11]. Supra-svi § XI1.A.41.j:

Kakaes; 9170,
k. [11j}:] “the K is a positive integer greater than 1.”
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83-171. As-diseussed-abovefor [1}-Kim discloses thistimitation-[ 117] as discussed

in [17]. Supra-$v1 § XI.A .41 k: Kakaes; 171

Apex Beam Exhibit No. 2003, IPR2023-00603
Page 00160



7—Claim 14

7.8. H4a}:: “The UE of claim 11, wherein: the second receiver
further receives first information, wherein the first
information is used to determine the first antenna port
group; or”> the first transceiver further transmits second
information, wherein the second information is used to
determine K1 antenna port group(s); the K1 antenna port
group(s) belong(s) to the K antenna port groups; the first
antenna port group is one of the K1 antenna port group(s);
the K1 is a positive integer.”

84-172. The combination of Kim and Zhang; or the combination

of Kim, Zhang, and Kang renderrenders obvious claim 11-Suprea;, as

discussed above.

85-173. $VEALO-As discussed-abovefor [4a} Kim diseloses-this T he additional

limitations of claim 14 are

substantively identical to claim 4, and are therefore disclosed by Kim, for the

reasons discussed in claim 4. Supra § XI.A.2. As I explained above for [11b], it

would have been obvious to implement a second receiver in Kim’s user equipment
for receiving ““a first signaling from the base station.” Supra, §viXI.A.107.c. As a
result, the second receiver would further receive the “first information” because
the “first information” is transmitted from the base station, and the second
receiver is connected to an antenna to receive signals transmitted from the base

station.

Kerhoes9H3-

Apex Beam Exhibit No. 2003, [PR2023-00603
Page 00161



. 66 3 29
. Teee

8:9. Claim 15:

a. [15a}:] “The UE of claim 11, wherein the first time
resource pool is discontinuous in time domain; or”

174. The combination of Kim and Zhang; or the combination of

Kim, Zhang, and Kang renderrenders obvious claim 11-, as discussed

above.
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175. The additional limitations of claim [15a] are substantively identical to

claim [5a], and are therefore disclosed by Kim, for the reasons discussed in

claim [5a]. Supra; § XI.A.3.a.

b. [15b}:] “the first signaling is a semi-static signaling.”

additional limitations must-be-tavght-to-satisfy-of claim +5-See Brown265-F3dat

135+

Neonetheless;-as[15b] are substantively identical to claim [5b], and are therefore

disclosed by Kim for the reasons discussed abeve-for{5b}, Kin-disclosesthis-
Fosies

86:176. in claim [5b]. Supra-$vi § XI1.A.63.b:Kakaes 176,

9:10. IndependentClaim 16:

177. pPeépre}:Claim 16 is substantively similar to claim 6, except that the

base station itself performing functions, rather than a method. Elements [16a]-

[16b] also recite a “third transceiver” and “second transmitter’” performing steps

comparable to steps [6a]-[6b]. The above discussions for claims 1 and 6 describe

why each element of claim 16 is taught or rendered obvious by the combination of

Kim and Zhang or the combination of Kim, Zhang, and Kang, although the specific
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“transceiver’ and “transmitter’”’ are further discussed below. Supra 8§ XI1.A.1

(claim 1), XI.A.4 (claim 6).

a. [16Preamble] “A base station equipment for multi-

antenna transmission, comprising:”
To the extent the preamble is limiting, Kim discloses a-base-station-
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87-178. diseloses-that-a-base-station-transmits-| ] 6Preamble] as discussed in

[6Preamble] and [1Preamble]. Supra §8§ XI.A.1.areferencesignatto-, X1.A.4.a-user
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b. [16a}:] “a third transceiver, transmitting a first
radio signal to a target receiver; and”

179. As—dJrsc—ussed—abeveKlm dlscloses [16a] for the reasons dlscussed in [la]—}ébm—s—

&a%g%eea#eﬂ%&wa—%%] and [6a] Supm -

§§ XI.A.1.b:Kakaes 79, XI.A.4.b. It would have been obvious to implement in

Kim’s base station equipment a third transceiver for transmitting a first radio signal
to a target receiver. Kakaes4H-79: Kim discloses that the base station includes
transmitters 1400 and 1420 for transmitting the CSI-RS signals. Kim, §9[0020],
[0130], Fig. 14. It would have been obvious to implement at least one of these
transmitters as part of a transceiver because Kim’s base station also receives
signals, such as channel state information, from the user equipment. Kim, §{[0018],
[0020]. A transceiver, i.e., a combination of transmitter and receiver in a single
module, was routinely implemented in base stations for wireless communication
and provides benefits such as space saving and cost saving. Kakaes$H79:seeSee,
e.g., Hu, §[0140] (describing having transceivers (XCVR) in the access point
1510); Wong, 4[0077]-[0080], Fig. 3 (describing having transceivers (TX/RX) in
the base station); Vitthaladevuni, §[0154] (the transmitter and receiver “may be
collectively referred to as a transceiver”). Because Kim’s base station also performs
the functionality of receiving from the user equipment, it would have been obvious
to implement at least one of Kim’s transmitters as part of a transceiver in the base

station, to save space and cost. Kakaes;-$H79-And a POSITA would have had a

Apex Beam Exhibit No. 2003, IPR2023-00603
Page 00166



reasonable expectation of success in doing so because implementing a

Apex Beam Exhibit No. 2003, IPR2023-00603
Page 00167



transceiver in a base station to receive and transmit information was conventional
and routine, as described in Hu and Wong.Kakaes4H-79-

c. [16b}:] “a second transmitter, transmitting a
first signaling to the target receiver;”

180. AsKim discloses [16b] for the reasons discussed abewveforin [ 1bKim sbase-

station-equipment transmits-afirst signaling to-a user equipment (target receivery.] and
[6b]. Supra.svi

§§ XI.A.1.c, XI.A.4.ciKkakaes; H-80-

. Kim discloses that the base station includes multiple transmitters for transmitting
signals to the user equipment. Kim, §4[0020], [0130]. Kim also discloses that the
base station includes a controller 1410 for transmitting control information to the
user equipment and for controlling the transmitters. Kim,

49100201, [0130], Fig. 14. Kim further discloses a massive MIMO system where
the base station is equipped with multiple transmission antennas. Kim, §4[0049]-
[0051]. It would have been obvious to implement in Kim’s base station multiple
transmitters connected to the antennas, each antenna being connected to a
transmitter to convert a baseband signal to a radio signal for transmission by the
antenna.-Kakaes$H80. A POSITA would have found implementing in a base
station multiple antennas and multiple transmitters connected to the antennas
routine and conventional years before the *527 patent was filed, and would have
had a reasonable expectation of success in doing so. Kakaes; H-80:seeSee also
Luo-330, q4[0035]-[0036] (providing multiple antennas and transmitters where a
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respective transmitter is connected te-each antenna), Fig. 2: Fitthaladevuni;

(showing transmitters 222a and 222t, each connected to antennas 224a and 224t

for transmitting respective signals);
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Vitthaladevuni, §9[0118]-[0119] (providing multiple antennas and transmitters

where a respective transmitter is connected each antenna), Fig. 10 (showing

transmitters 1055a and 1055t, each connected to antennas 1056a and 1056t for

transmitting respective signals); Hu, 19[01401-[0141] (providing multiple antennas

and transceivers where a respective transceiver 1s connected each antenna), Fig. 12

(showing transceivers 1522A and 1522T, each connected to antennas 1524A and

1524T for transmitting respective signals); Wong. 99[0077]-[0080] (providing

multiple antennas and transceivers where a transceiver is connected respective

oroup of antennas), Fig. 3 (showing transceivers 302A through 302N, each

connected to a respective group of antennas for transmitting signals). Such

arrangement was a conventional and commonly adopted architecture in a MIMO
system, allowing for simplified processing of radio signals for transmission on
multiple antennas and individual power control of the antennas. Kakaes; $H80-As_

such, the combination represents nothing more than known components operating

according to their ordinary and expected functions to vyield predictable results

(transmitting signals). Therefore, it would have been obvious to implement in

Kim’s base station a second transmitter connected to a second antenna, where the
second transmitter is configured to transmit signals, including the first signaling, to

the user equipment via the second antenna.Kakaes-4H-86-
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d. [16c}:] “wherein the first radio signal is transmitted
by K antenna port groups of the base station;”

181. Asdiseussedaboveforfe}l-Kim discloses thistimitation-[ 16c] for the reasons
discussed in [1c] and [6¢]. Supra-$vi

§§ XI.A.1.d, XI.A 4.d-Kakaes; SH31.

e. [16d}:] “the antenna port group includes a
positive integer number of antenna port(s);”

88-182. As-diseussed-abevefor Hd}-Kim discloses thislimitation[ 16d] as

discussed in [1d] and [6d]. Supra-$v §§ XI.A.1.e, XI.A.4.e:Kakaes- 9182,

f. [16e}:] “the first antenna port group is one of the
K antenna port groups;”

€9.183. As-diseussed-abevefor [1e}-Kim discloses thislimitation-[ 16¢] as

discussed in [1e] and [6¢]. Supra-$vi §§ XI.A. 1.1, XI.A 4.f: Kakaes- 9183,

g. [16f}:] “the first signaling is used to determine a
first time resource pool;”

90-184. As-diseussed-abovefor [ Kim discloses thislimitation-| 1 6f] as

discussed in [1f] and [6f]. Supra-$vx §§ XI1.A.1.g, X1.A.4.g; Kakaes; 9184,

h. [16g}:] “at least one of a first antenna virtualization
vector and a second antenna virtualization vector is
associated with the first antenna port group;”

As-diseussed-abeveforHHe}-Kim in combination with Zhang or Kim in

combination with Zhang and Kang renders this-timitation-obvious: [16g] as discussed

in [1g] and [6g]. Supras
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91-185. $v1 §§ XI.A.1.h, XI.A 4. h;Kakaes; §185.
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i. [16h}:] “the first antenna virtualization vector is
an antenna virtualization vector available to the
base station in the first time resource pool;”

92-186. As-diseussed-abeve-for [1h];-Kim in combination with Zhang renders

this-limitatieon-Obvious:_[16h] as discussed in [1h] and [6h]. Supra-—$v1 §§ XI1.A.1.1,

XI.A.4.1: Kakaes, 4186.
je [16i}:] “the second antenna virtualization vector is an
antenna virtualization vector available to the target

receiver of the first signaling in the first time resource
pool; and”

93-187. As-diseussed-abevefor [1i}-Kim in combination with Kang renders

obvious

discussed in [1i] and [61]. Supra;-$vi §§ Error! Reference source not found.,

X1.A .4 .j;: Kakaes; 9187,

k. [16]: “the K is a positive integer greater than 1.”

94-188. As-discussed-abovefor [11-Kim discloses thislimitation[ 16]] as

discussed in [1j] and [6]]. Supra-$v1 §§ XI.A.1.k, XI.A .4 k; Kakaes, 9188,

8——Claim 19

10:11. H9a}:: “The base station equipment of claim 16, wherein:
the second transmitter further transmits first information,
wherein the first information is used to determine the first
antenna port group; or” the third transceiver further
receives second information, wherein the second
information is used to determine K1 antenna port group(s);
the K1 antenna port group(s) belong(s) to the K antenna
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port groups; the first antenna port group is one of the K1
antenna port group(s); the K1 is a positive integer.”

95-189. The combination of Kim and Zhang; or the combination

of Kim, Zhang, and Kang renderrenders obvious claim 16-—Sup#ea;, as

discussed above.

190. §$VEAI3 As diseussed-abovefor[4al Kimdiseloses-this The additional

Lmitation-limitations of claim 19 are substantively identical to claims 4 and 9, and

are therefore disclosed by Kim, for the reasons discussed in
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claims 4 and 9. Supra—§$VA §§ XI1LA.2, XI.A.5.a-Kakaes-990. As explained for

claim element [16b], it would have been obvious to implement a second transmitter

in Kim’s base station equipment for transmitting “a first signaling to the target

receiver.” Supra,~§$V+

§XI.A.4310.c. For the same reasons, it would have been obvious to implement

the second transmitter for transmitting the “first information.” Kakaes;-$H906-
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. Teee

H-12.Claim 20:

a. [20a}:] “The base station equipment of claim 16,
wherein the first time resource pool is discontinuous
in time domain; or”

The combination of Kim and Zhang; or the combination of Kim, Zhang, and
Kang renderrenders obvious claim 16-Supra;

96-191. VLA 13- As. as discussed above-forfSal Kim discloses this-

192. The additional limitations of claim [20a] are substantively identical to

claims [5a] and [10a], and are therefore disclosed by Kim, for the reasons discussed

in claims [5a] and [10a]. Supra §§ XI1.A.3.a, XI.A.6.a.

b. [20b}:] “the first signaling is a semi-static signaling.”

additional limitations must-be-taughtto-satisfy-of claim 20--See Brown; 265K 3d-at

135+

Nonetheless[20b] are substantively identical to claims [5b] and [10b], and are

therefore disclosed by Kim for the reasons discussed abeve-for{SblKim-
diseloses-this-hmitatien-in claims [5b] and [10b]. Supra;

97:193.  $v1 §§ XI.A.3.b, XI.A.6.b;Kakaes; 193.
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B. Claims 2,3,7,8,12,13,17 and 18 Are Rendered Obvious
overOQver Kim, Zhang, and Park (Ground 3) or Kim, Zhang,
Kang, and Park (Ground 4)

Apex Beam Exhibit No. 2003, [PR2023-00603
Page 00177



e
2 ! b LRA L TPC :
® g | CIF@ID ligr [Ng/P] (abi1) | HARO(3bit)
LR it et Wit RV L'I;!ﬁ RV2
Serbl 10, MCS1 (Sbit) L“‘ MGS2 (5bi )
D f 2bit) (@bit)

1. Claim 2:

194. In my opinion, the combination of Kim, Zhang, and Park or the

combination of Kim, Zhang, Kang, and Park renders obvious claim 2.

a. _[2a}:] “The method of claim 1, further
comprising: receiving a second signaling; and”
For the reasons discussed above, the combination of Kim and Zhang; or the
combination of Kim, Zhang, and Kang renderrenders obvious claim 1. Su#pra;

195. sviA4.In my opinion, Kim discloses receiving a second signaling-

PDCCH.

98-196. Kim discloses receiving a second signaling (the PDCCH used
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for data reception). Kakaes, 9196. Kim discloses that the user equipment receives
“control information for data reception from the eNB.” Kim, 99[0021], [0120]

(same),describing the base station transmitting *“control information needed for

reception of a traffic channel to the selected UEs”), [0091] (same). Kim further

discloses “a Physical Downlink Control Channel (PDCCH) used for transmission

of a control signal.” Kim-G[0010}Kim’ s-second-signaling-is-different Kim,

970010]. As shown 1in annotated Figure 1 below, Kim discloses a control region in a

subframe for receiving control channel transmission and a data region in a

subframe for receiving data transmission (e.g., PDSCH).
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1 resource element

Time 1 OFDM symbal
i B
b2 dpot] par
Frequency S7Y Y
s | [2oor B port
s Eod
;83 ' S i T |:| REs used for PDSCH transmission
o ) dpot| A7 | | REs used for CRS transmission
% ' 8 port @ REs used for Control Channel transmission
1 R T e ™ =
. 7 T Es used for DMRS transmission
TEZ w 7¥7] [ REs used for CSI-RS ftransmission
I | |
ControlRegion] ~ Data Region
(RELATED ART)

Kim, Fig. 1 (annotated).

99.197. Kim’s “second signaling” is different from the “first

signaling” in claim 1, whiekbecause the “second signaling” is used for receiving

data (e.g., PDSCH) while the “first signaling” is used for receiving a reference

signal (e.g., CSI-RYS). Kakaes, 97 supra-$VISupra, §X1.A.41.c.
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1 resource element

Time 1 OFDM symbal
1 7 8
A dport) prAs
Frequency :'/25//; v %
s | |2por 8 port
i T
: FTAr 7 REs used for PDSCH fransmission
s | 7 %7/l
3 Gt dpot| [ ] REs used for CRS transmission
B apon| | B2 REs used for Control Channel transmission
1 subcarier=15kHz 1 KREeass 7 BPD;,/ REs used for DMRS transmission
T %7 7F7) ] REs used for CSI-RS transmission
| | |
| Control Region | Data Region

FIG.1
(RELATED ART)

b. [2b}:] “operating a second radio signal in a first
time resource sub-pool;”

198. In my opinion, Kim discloses operating a second radio signal in a first

time resource sub-pool.

160:199.  Kim discloses operating a second radio signal (e.g., a
PDSCH) in a first time resource sub-pool (data region in a subframe). Kakaes-

4199 -For example, Kim
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discloses that a first time resource pool (subframe) includes a data region with a
Physical Downlink Shared Channel (PDSCH) used for transmission of traffic data.
Kim, §[0010]. Annotated Figure 1 below shows that the data region occupies 11

OFDM time symbols while a subframe contains 14 OFDM time symbols. Kim,-

Time 1 resource element 1 OFDM symbol
»> e‘ —] |-.—
v B 4 port
Frequency 3 ﬂfi?//’: = / <
e | [2por 8 port
5 8 port
e A 77 Iﬁ REs used for PDSCH transmission
R A spot | V) [ ] REs used for CRS transmission
% 8 port @ REs used for Control Channel transmission
*_88 % 8 port 7 i
1 subcarier=15kHz % ?,/ %% REs used for DMRS transmission
F & v, 747 [ REs used for CSI-RS iransmission
|
Control Region
(RELATED ART)

q00010], Fig. 1.
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1 resource element

Time 1 OFDM symbal
b dport] 7
N
Frequency @Y o
SRS 2 port 8 port
R Bpa
;'% o H 77 | |:| REs used for PDSCH transmission
S i doot) 77474  [] REsusedforCRS transmission
%3 apot] K55 REs used for Control Channel transmission
_L% o] 8 port % oo
1 subcarier=15kHz 77 T REs used for DMRS transmission
I 7 A D REs used for CSI-RS iransmission
|
Control Region
(RELATED ART)
Kim, Fig. +-1 (annotated).
c. [2¢}:] “wherein the operating is receiving from the

base station, or the operating is transmitting to the
base station;”

+04+:200.  In my opinion, Kim discloses the operating is receiving from the

base station-—Kakaes; 920+, or the operating is transmitting to the base station.
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102-201. Kim discloses the operating is receiving from the base station.

For example, Kim discloses that the user equipment receives traffic data from the
base station in the data region. Kim, §4[0010] (using PDSCH to receive downlink
traffic data from the base station), [0091] (the eNB allocates “downlink wireless_

resources’ to the UE). [0106] (‘“a PDSCH transmitted for a data signal’); Abstract

(“allocating “wireless resources” to UEs).
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103-202.  resources’to-the UE),[01061(“aPDSCH transmitted-for a-data-signal)-A

POSITA would have understood that based on the control information in PDCCH,
Kim’s UE determines the allocated downlink wireless resources in PDSCH and
receives data from the base station in the allocated downlink wireless resources. As

explained in Kim, the resources of time, frequency and transmission power are

limited in a mobile communication system (Kim,

Sormer L

910008]1), and the base station allocates wireless resources to only a subset of UEs

in the cell (Kim, §[00181). Thus, a POSITA would have understood that a UE first

receives control information indicating that wireless resources are allocated to it,

then receives data in the corresponding wireless resources. See Kim. Y[0018] (base

station “transmitting control information for data reception to the selected final

UES™): see also Kim. Y[0120] (base station “selects UEs to which actual downlink

wireless resources are to be allocated, and transmits control information needed for

reception of a traffic channel to the selected UEs.”). Therefore, Kim discloses the
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operating is receiving data from the base station based on the control information

for data reception.

d. [2d}:] “the second signaling is used to determine
the first time resource sub-pool from the first
time resource pool; and”

203. In my opinion, Kim in combination with Park renders obvious the

second signaling is used to determine the first time resource sub-pool from the first

time resource pool.

104-204.  Kim teaches or suggests that the second signaling (PDCCH for
data reception) is used to determine the first time resource sub-pool (data region)
from the first time resource pool (the subframe in which CSI-RS for the first
antenna port group is transmitted). Kakaes;§204-For example, Kim discloses that
control information is needed for data reception by the UE, which can be
transmitted in a PDCCH. Kim,

49100217, [0120], [0010]. It would have been obvious to a POSITA that the second
signaling (PDCCH for data reception) is used to determine the first time resource
sub-pool (data region) such that traffic data transmitted to the UE can be properly
received.Kakaes; 4204~

105:205.  To the extent Kim does not explicitly disclose the second
signaling is used to determine the first time resource sub-pool from the first time
resource pool, Park renders this limitation obvious. Park discloses that when a UE

detects a PDCCH intended for the UE, the UE decodes a corresponding PDSCH in
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the same
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subframe. Park, §[0180]. Park also discloses that the UE blindly decodes a
PDCCH according to fields in the DCI formats and decodes the PDSCH according
to the detected PDCCH. Park, §9[0155], [0180]-[0181]. Park discloses that when
the UE detects a PDCCH intended for the UE, the UE determines the presence of
data in the data region of the subframe and decodes a corresponding PDSCH (data)
in a subframe. Park, §[0180]. For example, Park discloses that PDCCH control
signaling, such as DCI format 2C, is used to determine occupied frequency domain
resources, an MCS, a HARQ process number, an RV, an NDI; and (a) transmitting
antenna port(s) of the second radio signal. Park, Fig. 14(b). Based on all these
teachings, a POSITA would have understood that Park’s PDCCH control signaling
is used to determine a time resource of the second radio signal. Kakaes-4205:-See

also Lee-496,$101+48}

€10148] (describing using a control channel to indicate a time-frequency resource

associated with a transmit beam for the data channel).

106:206. It would have been obvious to use the PDCCH, including the
DCI format 2C, in Park to determine the first time resource sub-pool (data region)

from the first time resource pool to enable efficient data reception by the UE.-

Kakaes; 9206.

(a) Motivation to combine
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+07207. A POSITA would have been motivated to use Park’s PDCCH,
including DCI format 2C, in Kim’s second signaling to determine the first time

resource sub-pool (data region) from the first time resource pool (the subframe in
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which CSI-RS for the first antenna port group is transmitted). Kakaes 207 A
POSITA would have understood that the PDCCH indicating occupied frequency
domain resources of the second radio signal is required for the user equipment to
properly and efficiently decode the second radio signal (data) transmitted on the
PDSCH because the second radio signal can be transmitted in various
configurations and it would be impractical for the user equipment to blindly
decode every possible configuration for the PDSCH. Kakaes-4267-A POSITA
would also have been motivated to use Park’s PDCCH, including DCI format 2C,
for Kim’s second signaling to comply with the LTE and LTE-Advanced (LTE-A)
standards such that the user equipment can be used in the LTE and LTE-A
systems. Kakaes; 4207

Both Kim and Park relate to the LTE and LTE-A standards, which were the

dominant telecommunication systems implemented in the United States. Kakaes;

€207 Kim, 99199 [0005], [0009], [0052]; Park, §9[0052], [0071]. Park explains

that the DCI formats are used in LTE-A standards. Pea#k-Park $8H0421-10143 LA

[0142]-[0143]. A POSITA thus would have reasonably-expeetedbeen motivated

to sueeeed-inusinguse Park’s PDCCH, such as DCI format 2C, in-Kin’s-second-
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stenaling-to determine the first time resource sub-pool (data region) from the first

time resource pool such that Kim’s user equipment can operate properly in the

LTE and LTE-A systems.

(b) Expectation of success

16€-208. A POSITA would have expected to succeed in using Park’s
PDCCH, such as DCI format 2C, in Kim’s second signaling to determine the first

time
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resource sub-pool. PDCCH control signaling, such as DCI format 2C, was a well-
known format for transmitting control signaling in a MIMO system and was
specified in the LTE-A standards years before the *527 patent. Kakaes 4208+
seeSee TS 36.212 v12.2.0 (Ex. 1016), 79-81. Both Kim’s and Park’s systems
support the same underlying standards, e.g., 3GPP LTE and LTE-A standards.
Kakaes4208-Park teaches that Kim’s control information could use the PDCCH
and DCI format 2C according to its known, routine function to convey control
information for the user equipment to determine the first time resource sub-pool
(data region) for receiving data. Kakaes 4208:See, e.g., Park, §9[0212], [0295],
[0336]. Kim’s control information for data reception (PDSCH) could use the
PDCCH and DCI format 2C, as described in Park, according to its known and
conventional function of conveying control information for data reception. Kakaes:
4268-The fact that the same DCI format was already specified in

LTE-A standards confirms that using such control signaling to convey
control information for determining the first time resource sub-pool (data region)

was routine, conventional, and well-understood in the art.
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Kakaes$208- Using Park’s PDCCH, such as DCI format 2C, to determine the
first time resource sub-pool (data region) would result in the ordinary and
expected operation of receiving control information in the PDCCH and
determining the first time resource sub-pool (data region) from the first time

resource pool (the subframe in which CSI-RS for the first antenna port group is

transmitted).-Kakaes;
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e. [2e}:] “the second signaling is used to determine at
least one of occupied frequency domain resources, an
MCS, a HARQ process number, an RV, an NDI and
(a) transmitting antenna port(s) of the second radio
signal.”

209. In my opinion, Kim in combination with Park renders obvious the

second signaling is used to determine at least one of occupied frequency domain

resources, an MCS., a HARQ process number, an RV, an NDI and (a) transmitting

antenna port(s) of the second radio signal.

109-210.  Kim discloses that the second signaling (PDCCH for data
reception) is needed for data reception by the UE. Kim, q{[0021], [0120], [0010].

Park renders obvious that the second signaling is used to determine ene of the items-in-

dalse-all of the items inon

the elaimed list, namely of occupied frequency domain resources, an MCS, a HARQ
process number, an RV, an NDI; and (a) transmitting antenna port(s) of the second

radio signal (traffic data)(ifthatiswhat). To the extent the Board determines that

only one of the items in the “at least one of ...and” term is required, Park discloses

and”requires)Kakaes-9210. renders obvious claim [2¢] because Park discloses each of

the items listed in claim [2e].

HO211.  Park discloses that PDCCH control signaling, such as DCI

format 2C, is used to determine at least one of occupied frequency domain
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resources, an MCS, a HARQ process number, an RV, an NDI; and (a) transmitting
antenna port(s) of the second radio signal. Park discloses that when the UE detects
a PDCCH intended for the UE, the UE decodes a corresponding PDSCH (data) in a
subframe.-Perk;
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Park, 9[0106]. Park, Fig. 14(b}), shows that the PDCCH in DCI format 2C

indicates occupied frequency domain resources (blue), an MCS (purple), a HARQ

process number ( ), an RV (brown), an NDI (red), and a transmitting
antenna port ( ).
2 | e TRA ¢
| T 0 TP -
N : WIl| RV . W12 RV2
?é!)lla]y?e'r MCST (5bit) Wt B 2bit) WCS2 (5bit) {2bit)
 of |E}‘Gr LZOTLT TZOTLT

Park, Fig. 14(by-see) (annotated). See also Park, §9[0073], [0209], [0336].

212. The DCI format 2C shown in Figure 14(b) of Park conforms to the

DCI format 2C in LTE standards that was specified years before the ’527 patent

was filed. See TS 36.212 v12.2.0 (Ex. 1016), 79-80. Consistent with the LTE

standards, the field “RA Hdr.” in Figure 14(b) of Park is a resource allocation

header indicating the type of resource allocation. For example, in LTE, resource

allocation type 0 divides resource blocks into multiple groups and allocates

resources to a UE based on the resource block groups. By contrast, in LTE,

resource allocation type 1 allows resource allocation on the level of an individual

resource block. The field “/Nk/P/” in Figure 14(b) of Park indicates the

frequency resource allocation to the UE, i.e., the frequency block(s) allocated to

the UE for data reception (e.g.. PDSCH). See also TS 36.212 v12.2.0 (Ex. 1016),
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79-80.
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213. Consistent with the LTE standards, the field “HARQ” in Figure 14(b)

of Park indicates the HARQ process number of the corresponding data (e.g.

PDSCH), which is used to track the multiple HARQ processes between the base

station and UE. See also TS 36.212 v12.2.0 (Ex. 1016), 79-80.

214. Consistent with the LTE standards, the fields “MCS1” and “MCS2” in

Figure 14(b) of Park indicate a modulation and coding scheme (MSC) for transport

block 1 and transport block 2. respectively. See also TS 36.212 v12.2.0 (Ex. 1016),

79-80.

215. Consistent with the LTE standards, the fields “RV1” and “RV?2” in

Figure 14(b) of Park indicate a redundancy version (RV) for transport block 1 and

transport block 2, respectively. The redundancy version notifies the UE the amount

of redundancy added into the codeword for transmission of PDSCH. See also TS

36.212 v12.2.0 (Ex. 1016), 79-80.

216. Consistent with the LTE standards, the fields “NDI1” and “NDI2” in

Figure 14(b) of Park indicate a new data indicator (NDI) for transport block 1 and

transport block 2, respectively. See also TS 36.212 v12.2.0 (Ex. 1016), 79-80. The

NDI bit informs the UE whether the data in the PDSCH is new or re-transmission.

217. Consistent with the LTE standards, the fields “Ant. Port Scrbl ID. # of

layer” in Figure 14(b) of Park indicate antenna port(s), scrambling identity and
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number of layers used for the PDSCH transmission. See also TS 36.212 v12.2.0

(Ex. 1016), 79-81.

H1218.  Park also explains that the UE blindly decodes a PDCCH

according to fields in the DCI formats and decodes the PDSCH according to the
detected PDCCH. Park, 9[0155], [0180]-[0181].

+H2219. A POSITA would have understood that the information
indicating occupied frequency domain resources, an MCS, a HARQ process
number, an RV, an NDI; and (a) transmitting antenna port(s) of the second radio
signal is required for the user equipment to properly and efficiently decode the
second radio signal (data) transmitted on the PDSCH. Kakaes; 9219-For the same
reasons explained above in element [2d], it would have been obvious to implement
Kim’s second signaling (PDCCH for data reception) and use it to determine
information indicating occupied frequency domain resources, an MCS, a HARQ
process number, an RV, an NDI, and a transmitting antenna port, as taught by
Park, such that the second radio signal (e.g., PDSCH) can be properly decoded,

and a POSITA would have had a reasonable expectation of success in doing so.

Kakaes; 9219 supra-Supra, §XI1.B.1.d.

Apex Beam Exhibit No. 2003, IPR2023-00603
Page 00199



16—Claim 3

2.

Ba}:: “The method of claim 2, comprising: monitoring the
second signaling in a second time resource pool, wherein the
second signaling occupies one time resource block in the
second time resource pool at most; and the second time
resource pool includes a positive integer number of time
resource block(s); or” monitoring the second signaling in a
second time resource pool and monitoring the first signaling
in a third time resource pool, wherein the second signaling
occupies one time resource block in the second time
resource pool at most; the second time resource pool
includes a positive integer number of time resource
block(s); the first signaling is a dynamic signaling; the first
signaling occupies one time resource block in the third time
resource pool at most; the third time resource pool includes
a positive integer number of time resource block(s); a
minimum time interval between time resource blocks in the
third time resource pool is greater than a minimum time
interval between time resource blocks in the second time
resource pool.”

220. For the reasons discussed above, the combination of Kim, Zhang, and

Park; or the combination of Kim, Zhang, Kang, and Park renderrenders obvious

claim 2. Supra-$VEB2.In my opinion, the combination of Kim, Zhang, and Park or

the combination of Kim, Zhane, Kane, and Park renders obvious claim 3.

221.

Claim 3 recites two alternative options separated by “or.” A POSITA

would have understood that satisfying any one of these two options satisfies the

requirements of claim 3, which I understand 1s consistent with legal standards.

H3:222.

Park discloses monitoring the second signaling (PDCCH for

data reception) in a second time resource pool (a first slot in a subframe),
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wherein the second signaling occupies one time resource block (one to three

OFDM symbols)
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in the second time resource pool at most; and the second time resource pool

includes a positive integer number of time resource block(s). Kakaes;

20
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For example, Park discloses monitoring a PDCCH control signaling, such as DCI
format 2C, 1n a first slot of a subframe, where each subframe consists of two slots
in a time domain.

Park, §9[0056], [0073], [0153]. Park further discloses that the PDCCH control
signaling occupies a maximum of three OFDM symbols (one time resource block)
in a front portion of a first slot of a subframe, corresponding to a control region.

Park, §[0071]. Park further discloses that the second time resource pool (a first slot

in a subframe) includes severn7 OFDM symbols-(and-thus-twoe-time resouree-
bleeks).. Park, §[0067], Fig. 2:see-Genentechtne—v—Chiron-CorpH2FE3d-495-

H4:223.  Park also discloses that a slot (second time resource pool)

consists of six OFDM symbols in the case of an extended cyclic prefix+, and thus
two time resource blocks).. Park, §[0106], Fig. 5(b). Thus, Park discloses that the
second time resource pool includes sxe2 (a positive integer) time resource blocks,

each time resource block being three OFDM symbols as shown below-Kakaes 4223,
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Park, Fig. 5(b).

H5:224.  Alternatively, Park discloses that the PDCCH control signaling
occupies a maximum of three OFDM symbols corresponding to a control region,
and a POSITA would have understood that in LTE systems: the control region
can occupy only enel symbol. Kakaes 94224:seeSee 3GPP TS 36.211 v8.9.0 (Ex.
1023), 57, Table 6.7-1 (showing that the number of OFDM symbols for PDCCH
can be configured as esel symboly;).41030. Thus, Park’s control region can be
configured to consist of only one OFDM symbol (time resource block) at most,_

and the second time resource pool includes 7 time resource blocks, each time

resource block being one OFDM symbol.
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+H6:225.  For the same reasons explained above in limitation [2¢], it would
have been obvious to use Park’s PDCCH control signaling format for Kim’s
second signaling. Supra, §v1X1.B.21.e: Kakaes; 9225, In addition, a POSITA would
have been motivated to use Park’s PDCCH control signaling format for Kim’s
second signaling such that the UE monitors the second signaling only during the
control region (e.g., first OFDM symbol) in the second time resource pool, thereby
simplifying the blind decoding by the UE for PDCCH control signal and saving

the UE power for the processing. Kakaes-4225.A POSITA would have understood

that using at most one OFDM symbol (i.e., the first OFDM symbol in the

subframe) for the second signaling (PDCCH) would leave more resources for data

transmission to UEs, increasing the data throughput for UEs. A POSITA would

have also understood that using at most one OFDM symbol for the second

signaling (PDCCH) would reduce the amount of blind decoding the UE needs to

perform to detect a PDCCH, thereby saving the UE’s battery power. A POSITA

would have reasonably expected to succeed in using Park’s PDCCH control
signaling format for Kim’s second signaling because the control channel structure
as shown in Perk’s FigurePark, Fig. 3 was adopted in the LTE and LTE-A standards

and widely implemented in LTE and LTE-A systems before the *527 patent. Park,
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€[0052]; Kim, [00091{]- [0010], Fig. 1: Kang, 1[0059], Fig. 3.
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3. Claim 7

226. In my opinion, the combination of Kim, Zhang, and Park or the

combination of Kim, Zhang, Kang, and Park renders obvious claim 7.

a. [7a}:] “The method of claim 6, further
comprising: transmitting a second signaling;
and”
For the reasons discussed above, the combination of Kim and Zhang; or the
combination of Kim, Zhang, and Kang renderrenders obvious claim 6. Su#pra;

7227, sviA7Kim discloses [7a] as discussed in [2a]. Kim discloses

the base station transmitting a second signaling. Kim, Y9[[0021], [0120], [0091];

Kakaes; 9227 supra, §Vv1 X1.B.21.a.

b. [7b}:] “performing a second radio signal in a first
time resource sub-pool;”

118228,  Kim discloses [7b] as discussed in [2b]. Kim discloses the base

station performing a second radio signal (e.g., PDSCH) in a first time resource
sub-pool (data region in a subframe); Kim, §[0010], Fig. 1; Kakaes 9228:supra,
§VIB2b197.

c. [7c}:] “wherein the performing is transmitting to

the target receiver, or the performing is receiving
from the target receiver;”

229. Kim discloses [7c] as discussed in [2c¢]. Kim discloses the performing

is transmitting to the target receiver (user equipment). Kim, 191{[0010], [0091];

Kakaes:4229-supra,-$\H4

§X1.B21.c.
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d. [7d}:] “the second signaling is used to determine
the first time resource sub-pool from the first
time resource pool;”

H9.230.  Asdiscussed-aboveforf2d}-Kim 1n view-ofcombination with

Park renders this limitation-obvious. claim [7d] as discussed in [2d]. Supra,

§viX1.B.21.d: Kakaes 4230,

e. [7e]: “the second signaling is used to determine at
least one of occupied frequency domain resources, an
MCS, a HARQ process number, an RV, an NDI and
(a) transmitting antenna port(s) of the second radio
signal.”

120.231.  AsPark renders obvious [7e] as discussed above for [2e}-Parkrenders-
this limitation-obvieus:]. Supra,

§VAXI.B.21.e- Kakaes; 423+
H-—Claim 8

4. {8a}:: “The method of claim 7, comprising: transmitting the
second signaling in a second time resource pool, wherein the
second signaling occupies one time resource block in the
second time resource pool at most; and the second time
resource pool includes a positive integer number of time
resource block(s); or” transmitting the second signaling in a
second time resource pool and transmitting the first
signaling in a third time resource pool, wherein the second
signaling occupies one time resource block in the second
time resource pool at most; the second time resource pool
includes a positive integer number of time resource
block(s); the first signaling is a dynamic signaling; the first
signaling occupies one time resource block in the third time
resource pool at most; the third time resource pool includes
a positive integer number of time resource block(s); a
minimum time interval between time resource blocks in the
third time resource pool is greater than a minimum time
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interval between time resource blocks in the second time
resource pool.”

1214232, For the reasons discussed above, the combination of Kim, Zhang,
and

Park; or the combination of Kim, Zhang, Kang, and-Park renderand renders obvious
claim 7.
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Stpra—§VEB-4--As-diseussed-abovefor{3a}-Park renders thislimitation-obvious-
Sttpra-$VIB-3a: Kakaes 4232 the additional limitations of claim 8, for the

reasons discussed in claim 3. Supra § X1.B.2.

5. Claim 12

233. In my opinion, the combination of Kim, Zhang, and Park or the

combination of Kim, Zhang, Kang, and Park renders obvious claim 12.

a. [12a]: “The UE of claim 11, comprising: a third
receiver, receiving a second signaling; and”
For the reasons discussed above, the combination of Kim and Zhang; or the
combination of Kim, Zhang, and Kang renderrenders obvious claim 11. Suprea;

VA0 Asdiseussed-abeveKim discloses [12a] for the reasons discussed in [2a}-
Kins’ . . |
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122234, signaline:]. Supra-$i § X1.B.21.a: Kakaes 9234, Kim discloses that

the user equipment includes multiple receivers for receiving signals from the base
station. Kim, §9[0021], [0132]. Kim further discloses a massive MIMO system
where the user equipment is equipped with multiple reception antennas. Kim,
49[0049]-[005 1}:Kakaes; 4234-]. It would have been obvious to implement in
Kim’s user equipment multiple antennas (e.g., four4 antennas) and multiple
receivers (e.g., fourd receivers) connected to the antennas, each antenna being
connected to a receiver to convert the radio signal received from the antenna to a
baseband signal for further MIMO processing. Kakaes-4234:seeSee also Luo-

330, 9[0037%] (providing multiple antennas and receivers where a respective

receiver is connected to each antenna), Fig. 2: (showing receivers 254a and 254r,

each connected to antennas 252a and 252r for receiving respective signals):

Vitthaladevuni, Y[0120] (providing multiple antennas
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and receivers where a respective receiver 1s connected to each antenna), Fig. 10

(showing receivers 1062a and 1062r, each connected to antennas 1061a and 1061r

for receiving respective signals): Hu, 19[00591, [0142]-[0143] (providing multiple

antennas and transceivers where a respective transceiver is connected to each

antenna), Figs. 3. 12 (showing transceivers 1554A and 1554R. each connected to

antennas 1522A and 1522R for receiving respective signals). A POSITA would

have understood that the increased number of antennas in the UE enhances the
signal quality and data rate received at the UE. Kakaes;-4234-Such arrangement
was a conventional and commonly adopted architecture in a MIMO system,
allowing for efficient processing of radio signals received from multiple antennas

and individual control of the antennas;. Implementing in Kim’s user equipment a

third receiver connected to a third antenna to receive signals would have been

straightforward and asimple for a POSITA. as described by Luo-330,

Vitthaladevuni, and Hu. A POSITA would have had a reasonable expectation of

success in implementing in Kim’s user equipment a third receiver—akaes; 4234~

to receive signals. Therefore, it would have been obvious to implement in Kim’s

user equipment a third receiver connected to a third antenna, where the third
receiver is configured to receive signals, including a second signaling (PDCCH

for data reception), transmitted from the base station—Kakaes;$§234.
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b. [12b]: “a second transceiver, operating a second radio
signal in a first time resource sub-pool;”

123.235. AsKim discloses [12b] as discussed abeveferin [2b3]. Kim’s user

equipment operates a second radio signal (e.g., PDSCH) in a first time resource
sub-pool (data region in a subframe). Supra, §ViB.2b: Kakaes; §235.197. It would
have been obvious to implement in Kim’s user equipment a second transceiver for
operating the second radio signal.Kakaes; 9235. Kim discloses that the UE receives
data from a base station, as well as transmitting information to a base station in an
uplink transmission. Kim, q[0006], [0010], [0097]. It would have been obvious to
implement in Kim’s user equipment a second transceiver for receiving data from
and transmitting data to the base station. Kakaes;9235. A transceiver, i.e., a
combination of transmitter and receiver in a single module, was routinely
implemented in user equipments (e.g., mobile phones and tablets) for wireless
communication and provides benefits such as space saving and cost saving in the

mobile devices. Kakaes 4235: see—eeHuSee, e.g., Hu, [0142] (describing having

transceivers (XCVR) in the access terminal 1550); Olsson, §9[0046]-[0047]

(describing a transceiver circuitry in a user equipment): Vitthaladevuni, §[0160]

(the transmitter and receiver “may be collectively referred to as a transceiver”).

124-236. 910142} Olsson 4910046110047} Fitthaladevuni-g101601-Further, 1t
would have been obvious to implement in Kim’s user equipment multiple

antennas (e.g., four4 antennas) and multiple transceivers (e.g., fourd transceivers)
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connected to the antennas, each antenna being connected to a transceiver to
convert the radio signal received from the antenna to a basebandsiesaiforfusthes

MIMO-sroeessing:
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signal for further MIMO processing Kakaes; §236:see-also-Liro-330-4003 7 Fie 2+
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Hut- HH42-H0143,Fig 12 See also Luo-330, 9[0037] (providing multiple

antennas and receivers where a respective receiver is connected to each antenna),

Fig. 2 (showing receivers 254a and 254r, each connected to antennas 252a and

252r for receiving respective signals): Vitthaladevuni, §[0120] (providing multiple

antennas and receivers where a respective receiver is connected to each antenna),

Fig. 10 (showing receivers 1062a and 1062r, each connected to antennas 1061a

and 1061r for receiving respective signals): Hu, 99[01421-[0143] (providing

multiple antennas and transceivers where a respective transceiver is connected to

each antenna), Fig. 12 (showing transceivers 1554A and 1554R, each connected to

antennas 1522A and 1522R for receiving respective signals). A POSITA would

have understood that the increased number of antennas in the UE enhances the
signal quality and data rate received at the UE. Kakaes;-4236-Such arrangement
was a conventional and commonly adopted architecture in a MIMO system,
allowing for efficient processing of radio signals received from multiple antennas

and individual control of the antennas;. Implementing in Kim’s user equipment a

second transceiver to transmit and areceive signals would have been

straightforward and simple for a POSITA, as described by Luo-330,

Vitthaladevuni, and Hu. A POSITA would have had a reasonable expectation of

success in implementing in Kim’s user equipment a second transceiver—kakaes; to

transmit and receive signals.
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$236-Therefore, it would have been obvious to implement in Kim’s user equipment a
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second transceiver operating a second radio signal received in a first time resource

sub-pool. Kakaes 4236-

c. [12¢]: “wherein the operating is receiving from the
base station, or the operating is transmitting to the

base station;”

237.  Asdiseussedabovefor [2¢}-Kim discloses this limitation- as discussed above

for [2¢]. Supra, s\

§XI1.B.21.c:-Kakaes;- 9237

d. [12d]: “the second signaling is used to determine the
first time resource sub-pool from the first time

resource pool; and”

125:238.  Asdiscussed-abovefor[2d}-Kim 1n view-ofcombination with

Park renders this limitation obvious: as discussed above for [2d]. Supra,

§MIX1.B.21.d: Kakaes-9238.

e. [12¢]: “the second signaling is used to determine at
least one of occupied frequency domain resources, a
MCS, a HARQ process number, a RV, a NDI and (a)
transmitting antenna port(s) of the second radio

signal.”

239.  Asdisenssedabovefor[2e}-Park renders this limitation obvious- as discussed
above for [2¢].

Supra, §X1.B.1.e.
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12.—Claim 13

6.

H3a}:: “The UE of claim 12, the third receiver further
monitors the second signaling in a second time resource
pool, wherein the second signaling occupies one time
resource block in the second time resource pool at most; the
second time resource pool includes a positive integer
number of time resource block(s); or> the third receiver
further monitors the second signaling in a second time
resource pool, and the second receiver further monitors the
first signaling in a third time resource pool, wherein the
second signaling occupies one time resource block in the
second time resource pool at most; the second time resource
pool includes a positive integer number of time resource
block(s); the first signaling is a dynamic signaling; the first
signaling occupies one time resource block in the third time
resource pool at most; the third time resource pool includes
a positive integer number of time resource block(s); a
minimum time interval between time resource blocks in the
third time resource pool is greater than a minimum time
interval between time resource blocks in the second time
resource pool.”

For the reasons discussed above, the combination of Kim, Zhang, and Park; or

the combination of Kim, Zhang, Kang, and Park renderrenders obvious claim 12.

Sttpra;-$VIEB-6-As-discussed-abeve-for{3al-Park renders this-himitation-obvious

b

s—Fb=the “hipdecpiop——

126:240.  Claim13-includesanor>between{13a}-and [13b};so-only-one-of the-

twoadditional limitations must be taushttosatisfrof claim 13-Brown, 265 FE3dat 1351, for

the reasons discussed in claim 3. Supra § XI1.B.2.

Apex Beam Exhibit No. 2003, [PR2023-00603
Page 00222



7. Claim 17

241. In my opinion, the combination of Kim, Zhang, and Park or the

combination of Kim, Zhang, Kang, and Park renders obvious claim 17.
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a. _[17a]: “The base station equipment of claim 16,
further comprising: a third transmitter, transmitting
a second signaling; and”
For the reasons discussed above, the combination of Kim and Zhang; or the
combination of Kim, Zhang, and Kang renderrenders obvious claim 16. Suprea;

242. sv1A13-AsKim discloses [17a] as discussed abeveforin claim [2a}-

Kim's] and [7a]. Kim discloses the base station equipmenttransmitstransmitting a

second signaling. Supra$VIKim, 49[[0021], [0120], [0091]; supra, § X1.B.21.a:

127.243.  Kim discloses that the base station equipment includes multiple
transmitters for transmitting signals to the user equipment. Kim, §9[0020], [0130].
Kim further discloses a massive MIMO system where the base station is equipped
with multiple transmission antennas. Kim, Y[0049]-[0051]. It would have been
obvious to implement in Kim’s base station multiple transmitters (e.g., fourd
transmitters) connected to the antennas (e.g., feur4 antennas), each antenna being
connected to a transmitter to convert a baseband signal to a radio signal for
transmission from the antenna. Kakaes; §243:seeSee also Luo-330, 9[0035]-[0036],

Fig. 2; Vitthaladevuni, 99[0118]-[0119], Fig. 10; Hu, 9[0140]-[0141]. Fig. 12:

Wong,

YHOHA40 O Fre 12 W one q9[0077]-[0080], Fig. 3. A POSITA would have

understood that the increased number of antennas in the base station enhances the

signal quality and data rate received at the UEs in the cell. Kakaes4243-—-Such
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arrangement was a conventional and commonly adopted architecture in a MIMO

system, allowing for simplified processing of radio signals for transmission on

multiple antennas and individual-pewercontrol-of the-antennas;and-a POSIHA-
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power control of the antennas. Implementing in Kim’s base station a third

transmitter connected to a third antenna to transmit signals would have been

straightforward and simple for a POSITA, as described by Luo-330,

Vitthaladevuni, Wong, and Hu. A POSITA would have had a reasonable

expectation of success in implementing in Kim’s base station a third transmitter to

transmit signals. Therefore, it would have been obvious to implement in Kim’s

base station a third transmitter connected to a third antenna, where the third

transmitter is configured to transmit signals, including a second signaling, to the

user equipment via the third antenna.

b. [17b]: “a fourth transceiver, performing a second
radio signal in a first time resource sub-pool;”

128.244.  As discussed above for claim [2b] and [7b], Kim’s base station

equipment performs a second radio signal in a first time resource sub-pool. Supra--
$VEB-2bs Kakaes,
$244§197. It would have been obvious to implement in Kim’s base station a fourth
transceiver for performing a second radio signal in a first time resource sub-pool.
129.245. Kakaes-9245-Kim discloses that the base station transmits data to
a user equipment, as well as receiving information from a user equipment in an
uplink transmission. Kim, §Y[0020], [0130]. It would have been obvious to
implement in Kim’s base station a fourth transceiver for transmitting data to and

receiving data from the user equipment. Kakaes;-9245-A transceiver, i.e., a
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combination of transmitter and receiver in a single module, was routinely

implemented in base station equipments for wireless
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communication and provides benefits such as space saving and cost saving. Kakaes;-

$245+-Hu,

[0140]; Wong, 99[0077]-[0080], Fig. 3; Vitthaladevuni, §[0154]. Further, it would
have been obvious to implement in Kim’s base station multiple transceivers (e.g.,
fourd transceivers) connected to the multiple antennas (e.g., four4 antennas), each
antenna being connected to a transceiver to convert the baseband signal to a radio
signal for transmission from the antenna. Kakaes$245:-Luo-330, 9[0035]-[0036],
Fig. 2; Vitthaladevuni,

1900118]-[0119], Fig. 10; Hu, qq[0140]-[0141], Fig. 12; Wong, 4[0077]-[0080],
Fig. 3. A POSITA would have understood that the increased number of antennas in
the base station enhances the signal quality and data rate received at the UEs in the
cell. Kakaes-4245-Such arrangement was a conventional and commonly adopted
architecture in a MIMO system, allowing for simplified processing of radio

signals for transmission on multiple antennas and individual power control of the

Implementing in Kim’s base station a fourth transceiver connected to a fourth

antenna to transmit and receive signals would have been straightforward and
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simple for a POSITA, as described by Luo-330. Vitthaladevuni, Wong, and Hu. A

POSITA would have had a reasonable expectation of success in implementing in

Kim’s base station a fourth transceiver to transmit and receive signals. Therefore, it

would have been obvious to implement in Kim’s base station a fourth transceiver

connected to a fourth antenna, where the fourth transceiver is configured to

perform a second radio signal in a first time resource sub-pool.
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[17¢c]: “wherein the performing is transmitting, or the
performing is receiving;”

c.

246. Kim discloses the performing is transmitting to the target receiver

(user equipment).) as discussed in claim [2c¢] and [7c]. Kim, 99[0010], [0091];

kKakaes;$246:-Supra,-$4

§8§XI.B.21.c-, XI.B.3.c.

d. [17d]: “the second signaling is used to determine the
first time resource sub-pool from the first time

resource pool;”

130.247.  Asdiseussed-abovefor2d}-Kim 1n wiew-ofcombination with

Park renders thislimitation-obvious. claim [17d] as discussed in [2d]. Supra,

SMIX1.B.21.d: Kakaes-9247.

[17¢]: “the second signaling is used to determine at
least one of occupied frequency domain resources, a
MCS, a HARQ process number, a RV, a NDI and (a)
transmitting antenna port(s) of the second radio

signal.”

e.

1314248, AsPark renders obvious [7e] as discussed above for [2e}-Parkrenders-

this limitation-obvieus:]. Supra,
§$VAXI.B.21.e: Kakaes; 42438.
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13—Claim 18

8.

H8a}:: “The base station equipment of claim 17, wherein:
the third transmitter further transmits the second signaling
in a second time resource pool, wherein the second signaling
occupies one time resource block in the second time
resource pool at most; and the second time resource pool
includes a positive integer number of time resource
block(s); or2 the third transmitter further transmits the
second signaling in a second time resource pool, and the
second transmitter further transmits the first signaling in a
third time resource pool, wherein the second signaling
occupies one time resource block in the second time
resource pool at most; the second time resource pool
includes a positive integer number of time resource
block(s); the first signaling is a dynamic signaling; the first
signaling occupies one time resource block in the third time
resource pool at most; the third time resource pool includes
a positive integer number of time resource block(s): a
minimum time interval between time resource blocks in the
third time resource pool is greater than a minimum time
interval between time resource blocks in the second time
resource pool.”

For the reasons discussed above, the combination of Kim, Zhang, and Park; or

the combination of Kim, Zhang, Kang, and Park renderrenders obvious claim 17.

Sepre— B A disetedbosvetor- Bad-Park renders thistmitation

additional limitations must-be-tanghtto-satisfy-of claim 18-Brown 265K 3dat 135+
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discovery-closing March 2024 Ex1025, 3 The parties-will not begin-, for the reasons discussed

in claim ee

1025453, Supra § X1.B.2.
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V-XIIL CONCLUSION
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250. For the reasons set forth in Section XI, it 1s my opinion that one

skilled in the art would have found claims 1-20 of the ’527 patent obvious.

251. In signing this declaration, I understand that the declaration will be

filed as evidence in a contested case before the Patent Trial and Appeal Board of
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the United States Patent and Trademark Office. I acknowledge that I may be

subject to cross-examination in this case and that cross-examination will take place

within the United States. If cross-examination is required of me, I will appear for

cross-examination within the United States during the time allotted for cross-

examination.

252. 1 declare that all statements made herein of my knowledge are true,

and that all statements made on information and belief are believed to be true, and

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.

Date: February 28, 2023 By—/William-Esper/—Respectfully
submitted

Wilhiam Esper

Case Manager and PTAB Coordinator

EINNEGANHENDERSON;EARABOW;

/Apostolos K. Kakaes/
Apostolos K. Kakaes, Ph.D.
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