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I. Introduction

U.S. Patent No. 7,639,982 (the 982 patent) describes a digital antenna system
that enables extension of radio frequency (RF) analog signals from base stations to areas
(e.g., inside of buildings) where access to such signals is inhibited. The *982 patent
systems include a digital host unit that communicates with a base station, and a plurality
of remote units distributed within the hard to reach area. On the forward path, the *982
patent digitizes analog signals received from the base station and transmits those digital
signals to the remote units. The remote units then convert the digital signals back to
analog and forward them to nearby wireless devices via their antennas. On the reverse
path, the remote units sample and digitize analog RF signals received at the antennas
and forward the digital data to the host unit. The host unit sums digital sample data
received from multiple remote units and uses the summed data values to generate
analog signals that are forwarded to the base station.

The *982 patent was allowed in part based on claim features describing the digital
host unit performing the digital summing operation on digitized radio frequency signals
received at the host unit. See, Ex. 1001, claim 1. While the Examiner found the claims
of the 982 patent to be patentable, the Examiner did not have the benefit of the Oh
reference (Ex. 1007) cited herein. The Examiner’s failure to find the Oh reference is
understandable because Oh is a publication of a Korean patent application filed in April

1999 that was published in Korean in August 1999.
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Had the Examiner had access to the Oh reference during prosecution, the 982
patent would not have issued.
II.  Grounds For Standing Pursuant To 37 C.F.R. § 42.104(a)

Petitioner certifies the *982 patent is available for IPR and Petitioner is not barred
or estopped from requesting IPR challenging the patent claims on the grounds herein.
III. Background Information For The *982 Patent

A. Overview Of The 982 Patent

The *982 patent is directed to a digital distributed antenna system illustrated in

Fig. 1 having a host unit and multiple distributed remote antenna units.



PETITION FOR INTER PARTES REVIEW OF U.S. PATENT NO. 7,639,982

]

| ~2

UJTORUMERUIT

50
/
oru | [orv] -
|
_- [
0V I 0
| ) o0
< |

WIRELESS
NETWORK
30

% FIG. | s

Annotated Fig. 4 of the ’982 patent below illustrates a host unit that provides
digitization of an RF signal received from a base station (top left) for distribution to
multiple digital remote units (top right). Annotated Fig. 4 illustrates creation of an
uplink RF signal for transmission to the base station (bottom left) based on digital

samples received from multiple digital remote units (bottom right).
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In the downlink direction, the host unit down-converts a composite downlink RF
signal, takes a sequence of digitized samples, and delivers a sequence of digitized
samples over a fiber optic cable to each of several remote units. Ex. 1001, 7:3-17. At
each digital remote unit, the arriving stream of digital samples are converted back into
the analog signal from which they are derived and then delivered to an antenna for
transmission. Id., 9:5-20.

In the uplink direction, each remote unit receives the wireless RF spectrum from
its coverage area and converts this to a sequence of digital samples that are sent over a

fiber optic cable to the host unit.
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Ex. 1001, 9:34-38 (drawing from Ex. 1008, q173, Patent Owner’s background
description of this patent family showing remote antenna units (RAU) relaying signals
from wireless devices to an upstream unit, e.g., a host unit). The upstream unit receives
the sequence of samples from the respective remote units and digitally sums the
corresponding digital samples from the respective remote units by summing

corresponding digital values of the recorded samples.
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‘ -----------------
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converter) 7 P —————————————————
1B, 2B, 3B, 48, 5B,

Ex. 1001, 7:53-8:7; Ex. 1008, q177. The summed digital samples are then converted
into an analog signal and converted to an RF signal for delivery to the base station.
1d., Ex. 1005, 9959-63.

B. Overview Of The Prosecution History

The 982 patent issued after eight Office Actions and corresponding responses.

The Applicant amended certain aspects of the claims (e.g., claim 1) to recite that the
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digital host unit digitally sums the digitized radio frequency signals received at the
digital host unit. Ex. 1006, 465. Applicant further differentiated the claims from the
Examiner-cited prior art based on the resolution of signals involved in digitally
summing operations (e.g., claim 37, Ex. 1006, 69-70), and the location of summing
operations being at the host unit and not remote units (e.g., claim 1, Ex. 1006, 72-73).

The Oh reference cited herein clearly discloses these features, where Oh’s digital
combiner unit 430 resides in master unit 20 and includes digital combiners 432, 434,
436, 438 that perform digital combining by “creating 14-bit intermediate frequency
signals by combining four 12-bit intermediate frequency signals in the same frequency
band.” Ex. 1007, 5:16-17. Oh was not considered by the Examiner during prosecution
of the 982 patent. Ex. 1005, 958, 64.

C. Level Of Skill In The Art

A person of ordinary skill in the art (“POSITA”) as of July 2000 (the earliest
patent filing date to which the *982 patent could claim priority) would have possessed
at least a bachelor’s degree in electrical engineering with at least two years of industry
experience with data communications system (or equivalent degree or experience). Ex.
1005, 993-19, 28-30. A person could also have qualified as a POSITA with some
combination of (1) more formal education (such as a master’s of science degree) and
less technical experience, or (2) less formal education and more technical or

professional experience. /d.



PETITION FOR INTER PARTES REVIEW OF U.S. PATENT NO. 7,639,982

IV. Identification Of Challenge Pursuant To 37 C.F.R. § 42.104(b)

A. 37 C.F.R. § 42.104(b)(1): Claims For Which IPR Is Requested
IPR is requested for claims 1-10, 25-32, 34, 35, 37-51, and 75-81 of the *982

patent.

B. 37 C.F.R. § 42.104(b)(2): The Prior Art And Specific Grounds On
Which The Challenge To The Claims Is Based

IPR is requested in view of the following references:

e Korean Laid-Open Disclosure No. KR1999-0064537 to Oh (“Oh”) (Ex. 1007).
Oh is prior art to the 982 patent at least under 35 U.S.C. § 102(a).

e “A New Microcell Architecture Using Digital Optical Transport,” Wala
(“Wala”), IEEE, 1993 (Ex. 1009). Wala is prior art to the *982 patent under at least 35
U.S.C. §§ 102 (a) and (b).

e U.S. Patent No. 5,969,837 to Farber (“Farber”). Farber is prior art to the *982
patent under at least §§ 102(a), (b), and (e).

The specific statutory grounds on which the challenge to the claims is based and
prior art relied upon for each ground are as follows:

Ground 1a: Claims 1-10, 25-32, 34, 35, 37-51, and 81 are unpatentable under 35

U.S.C. § 103 over Oh; and

Ground 1b: Claims 75-80 are unpatentable under 35 U.S.C. § 103 over Oh in view

of Wala. Ex. 1005, 9923-27.
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C. 37C.F.R. §42.104(b)(3): Claim Construction

The Board gives claims their ordinary and customary meaning, or “the meaning
that the term would have to a [POSITA] at the time of the invention.” Phillips v. AWH
Corp.,415F.3d 1303, 1312-13 (Fed. Cir. 2005) (en banc). Other than the “means-plus-
function” claim terms governed by 35 U.S.C. § 112 4[6 in claim 81, Petitioner proposes
no claim terms for construction at this time.

Petitioner identifies functions and corresponding structures for the various
means-plus-function terms introduced in claim 81. Petitioner further identifies where
those structures are described in the specification in accordance with 37 C.F.R.
42.104(b)(3).

Petitioner does not waive, and expressly reserves, its claim scope

arguments, constructions, and evidence it may raise in other proceedings. Ex. 1005,

1922, 68-69.

Claim &1 Limitation Function Structure

means for communicatively coupling | Fig. 4: Optical
communicatively the first unit to a plurality Transmission Lines 414,
coupling... of second units

416

means for digitizing... digitizing an original Fig. 4: Amplifier 450,

downstream analog radio Mixer 452,

frequency signal in order

to produce downstream

digital RF samples

Amplifier/Filter 454, 456,

458, Mixer 460, A/D
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D. 37
Unpatentable

C.F.R. §42.104(b)(4):

How The

Construed Claims Are

An explanation of how the challenged claims are unpatentable, including where
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each claim feature is found in the prior art and the motivation to combine the prior art,
is set forth below in Section V.

E. 37 C.F.R. § 42.104(b)(5): Supporting Evidence

An Appendix of Exhibits supporting this petition is attached. Exhibit 1005 is a
supporting Declaration of Dr. R. Jacob Baker.

V. There Is A Reasonable Likelihood The Challenged Claims Of The 982
Patent Are Unpatentable

A. Brief Overview Of The Prior Art

1. Overview Of Oh

Oh is a publication of a Korean patent application filed by Yong Hoon Oh on
April 3, 1999. Oh was published on August 5, 1999.

Oh discloses an optic repeater system that is installed to facilitate
communications to and from “radio wave shadow area” where base station signals are
unable to reach. Ex. 1007, 2:4-7. When a “base station is far away”’ or when the mobile
terminal is “in the radio wave shadow area, the base station cannot perform streamlined
transmission/reception to/from the mobile terminals.” Id., 2:11-13.

Optic repeater systems were used prior to Oh in an attempt to provide wireless
access to mobile terminals in the radio wave shadow area. Id.,2:16-19. In those historic
systems, transmissions between the primary unit and the remote units across an optic
line were analog. Id., 2:20-22. But because “the RF signals transmitted/received

to/from said first optic repeater and a second optic repeater [were] analog signals, the

-10-
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strength of the signals is greatly decreased during transmission through the optical line.”
Id., 2:28-30. This analog signal attenuation required implementation of signal
amplifiers in prior systems, which exacerbated signal-to-noise ratio issues. Id., 2:30-
33.

To address the analog signal attenuation issue, Oh “provide[s] a digital optical
repeater that can maximize the efficiency of signal transmission in such a way that the
optic repeater converts the intermediate frequency signals, analog signals, to the digital
signals and transmits/receives them through the optical line.” 1d., 2:36-39. An Oh optic
repeater system includes a first optic repeater (master unit 20) that is in communication
with the base station 10 and second optic repeaters (slave units 30) that are distributed

within the radio wave shadow area. Id., Abstract, 2:19-20.
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On the forward path (left-to-right in Fig. 1), RF signals are received by the
forward portion of master unit 20 from the base station 10 and are processed by the
forward master unit 100. Id., 2:72-73. The forward master unit 100 “converts RF
signals, analog signals, transmitted from the base station 10 to the intermediate
frequency signals; converts them to digital signals; and transmits them to the slave unit
30 through the optic line 50.” Id., 3:5-6. The forward portion of the slave units 30 (e.g.,
forward slave unit 200) “converts digital signals to the intermediate frequency signals,
analog signals; converts the intermediate frequency signals to RF signals; and transmits
them to the mobile terminals 40. Id., 3:1-4.

On the reverse path (right-to-left in Fig. 1), the reverse portion of slave unit 30
(e.g., reverse slave unit 300) converts analog RF signals received from the mobile
terminals 40 to digital signals and transmits them to master unit 20 through the optic
line 50. Id., 4:23-25. The reverse portion of master unit 20 (e.g., reverse master unit
400) “converts the digital signals transmitted from the slave unit 30 through the optic
line 50 to the intermediate frequency signals, analog signals, converts them to the RF

signals, and transmits them to the base station 10.” Id., 4:62-64.

-12-
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G.2
Fl Labels for 182, 184, 186, 188 fixed here. See Oh, 3:40 (“four A/D converters 182, 184, 186, and 188")

194
= 120 130 192
Bue |10 102 103 I 140 1 160 ]70 180 104/ / 190
& rahr —o e ;__,
5 ™ "2 D
fHS F G 1 AT N
) 1 . I| | [ ! '
10 . ,.5' ool Lk 1 I I I | ! :
| Lo 1y ":9 | || I | :
124 H o : ' |
| | Xf ges P—t-w—CEﬁ—{RF hLE : I
| ! n It I |
| —_— | | : |
: j — i'24': ||T~"‘: 1 :
140 ] 1 Tl e 1N ||\ I ,\D
r N Ty |_ .
VR  fraine ;":'];.6 " 156"h ! 186 ! -
! 6/ Pl s L t no 3 | 198
L o= T e B >- {
 —— | L..:..._L ______ | Y S I, E—— _I( | | —
L s lo Locol +} i \ —
106 sodd a1l 1 ! L 107
118 : 28 158 |
; | 105 188
118 { 1 ’ A first
OCXAQ oo v e e o o o e o o e o e o e o e o e e Locol | contsol wmit ™
110 )

Fig. 2 provides example detail of the forward portion of Oh’s master unit 20. The
forward master unit receives RF signals from the base station 10 through a bi-directional
filter 101. A divider 103 divides the RF signals into its component frequency bands
(i.e., the component frequency bands that make up the RF signal received from the base
station 10), where each of those component band signals is processed in parallel through
first mixer unit 120, band pass filter (BPF) 130, amplifier 140, second mixer unit 150,
second BPF 160, and second amplifier 170 collectively to transition the signals from
their band frequencies to baseband frequency close to DC. Id., 3:6-14. Analog to
Digital (A/D) converters 182, 184, 186, 188 sample the baseband signals to convert
them to digital representations of the analog component frequency band signals. Id.,

3:14-16. Multiplexer 104 multiplexes the four 12-bit digital sample values with 4-bit
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PETITION FOR INTER PARTES REVIEW OF U.S. PATENT NO. 7,639,982
network management system (NMS) control data from control unit 107 and applies that
52-bit (i.e., the 4-12-bit words plus the 4-bit NMS control information) serial data
stream to each of a plurality of optic converters 192, 194, 196, 198 for transmission

across optic lines 50 to destination slave units. /d., 3:38-44.
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Fig. 3 provides example detail of the forward portion of one of Oh’s slave units
30. The 52-bit digital signal transmitted on one of the optic lines 50 is received at a
second optic converter unit 201. “[CJombiner 290 [] combines the RF signals of four

different frequency bands [i.e., analog combining (Ex. 1005, 58)]... and transmits
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them to the mobile terminals 40 through a second power amplifier 292 and a second bi-

directional filter 294.” Ex. 1007, 3:59-61.
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Fig. 4 illustrates example details of the reverse path at a slave unit 30 (e.g.,

reverse slave unit 300). “RF signals transmitted from the mobile terminals 40 of the

reverse slave unit 300 of the slave unit 30 through the antenna are converted to the

intermediate frequency signals close to DC...

, mixed with the NMS signals transmitted

from a second control unit 204, and transmitted to the reverse master unit 400 through

the optic line.” Id., 4:16-18.
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control umt

Fig. 5 illustrates example detail of the reverse path at the master unit 20 (e.g.,
reverse master unit 400), which receives four streams of digital data from four slave
units over optic lines (i.e., digital data from a first slave unit at 412, a second slave unit
at 414, a third at 416, and a fourth at 418). Each demultiplexer 422-428 is associated
with a respective one of the remote slave units to route digital sample data to its
respective frequency band path in the reverse unit. Each demultiplexer 422-428
receives digital sample data and control data from one slave unit 30 and separates that
digital sample data according to frequency band. /d., 5:4-10. In the example where the

reverse master unit of Fig. 5 is connected to four slave units 30, the 52-bit data from the
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slave unit is demultiplexed at a first demultiplexer, with one 12-bit data sample being
sent to each of four digital combiners and 4-bit control data to control unit 107. Id.,
5:11-12.  Thus, demultiplexer 422 sends a 12-bit sample associated with a first
frequency band to first digital combiner 432, a 12-bit sample for second band to
combiner 434, a 12-bit sample for third band to combiner 436, and a 12-bit sample for
fourth band to combiner 438. Demultiplexers 424, 426, 428 similarly send 12-bit
samples to each of the digital combiners 432, 434, 436, 438. Id., 5:11-15.

Each digital combiner 432, 434, 436, 438 receives four digital samples associated
with its band and ‘“aggregates the same digital signals transmitted from each
demultiplexer.” Specifically, each digital combiner performs digital combining “by
combining four 12-bit intermediate frequency signals in the same frequency band” to
“creat[e] 14-bit intermediate frequency signals.” Id., 4:69; 5:16-17; Ex. 1005, 958.
Those 14-bit digital signals are then applied to respective D/A converters 442, 444, 446,
448 to provide intermediate frequency signals. Ex. 1007, 5:18. The intermediate
frequency signals are shifted to their respective band frequencies by being amplified at
450, mixed with a step up frequency at 460, filtered at 470, amplified again at 480,
mixed with a respective frequency at 490 to recreate the radio frequency signals, and
amplified again at 510. Id., 4:73-5:2. “[Clombiner 404 aggregates the RF signals in
different frequency bands [i.e., performs analog combining (Ex. 1005, 958)]...

amplifies the strengths and level in a first power amplification unit 405, and transmits
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them to the base station 10 through a fourth bi-directional filter 406 such as via an
antenna as depicted in Fig. 5 or an RF cable. Ex. 1007, 5:27-29.

Oh shows multiple, different example ways of communicating with a base
station. For example, a wired connection (e.g., RF cable 60) is illustrated in FIG. 1
between the base station 10 and master unit 20. Oh also illustrates a wireless connection
(e.g., antenna in Fig. 5) between the first bi-directional filter 406 of the master unit 20
and the base station 10. A POSITA would understand that the most straightforward,
inexpensive system would perform downstream and upstream communications with the
base station using the same medium type (e.g., RF cable or wireless). Oh’s explicit
disclosure of wired and wireless base station communication options evidences the
obviousness of implementing upstream and downstream communications with the base
station in a wired implementation or a wireless implementation.

Oh is analogous art to the 982 patent because it is in the same field of endeavor
(RF data communications) and it is associated with the common problem of extending
RF data communications into hard to reach areas. Ex. 1005, §970-85; Ex. 1007, 2:4-

13.

2. Overview Of Wala

Like the *982 patent and Oh, Wala addresses expansion of RF signal coverage
into hard to reach areas “including shadow areas, tunnels, and the interiors of high-rise

office buildings.” Ex. 1009, 585. Also like the *982 patent and Oh, Wala recognizes
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the limitations of forwarding of analog signals in such coverage extension systems
including signal-to-noise ratio issues. Thus Wala proposes a digital radio frequency

transport system similar to the 982 patent and Oh.

CELL SITE RF EQUIPMENT MICRCCELL HOST INTERFACE
 E— I
—= . | |RF=Digital| 12 | gptical 1850
Tronamitters| Combiner ;_'__-' Converter _*_'-!'—ocE.s.i?tler'A = l
I l — —1 o L N 552.98 Ubpe

. volcs 800 MHz 30.72 Mhz : tal

' MTSO | cnannets RF Parcliel WOM + Seria
[ e IDiait . |

r ) = igital=RF| 12 | Optical | 1310 om :

Receivers| | Splitter -—‘| Convartor Receiver :

E— O

optical fiber (bi-directioncl digital link)

s HEROGELL, REMOTE UNIT oeeeessoinn | ntenme

1ss0 nm | Optical | 12 |Digital-RF [Tineor | E

: i —~— = Power i

Receiver [ | Convertor ver [ m i

i i | Amplifier | |
552.96 Mbps [ S— : | !
Seriol o | 30.72 MHz 800 W | | :
: | 30.72 Hz !
—— WDM Parellal RF _[ Duplexer r.--_J

1 B E

1 I
I 1310 new Optical | 12 RF-Digital |
) Tronsmitter] Convertor

Fig.1. Dignal RF transport microcell: system block diagram

Wala is analogous art to the 982 patent because it is in the same field of endeavor
(RF data communications) by the *982 patent’s inventor and it is associated with the
common problem of extending RF data communications into hard to reach areas. EXx.

1005, 9986-87; Ex. 1009, 585-586.

3. Overview of Farber

Farber describes a wireless communications station employing optical fibers.
Ex. 1022, 1:4-6. Farber discloses the use of fiber in an antenna system for reaching
difficult coverage areas such as buildings, as illustrated in Fig. 1, and other shadowed

areas that is very similar to the digital system of Oh. Id., 4:30-33. Farber states that
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the optical fibers “may be single or multi mode.” 1d., 2:59-60. With reference to
Fig. 2, Farber describes that “[p]referably the fiberoptic transmitter employs a vertical

cavity surface emitting laser or an edge emitting laser coupled to a single or multi-

mode fiber.” Id., 2:51-53; Ex. 1005, 488.

220-



PETITION FOR INTER PARTES REVIEW OF U.S. PATENT NO. 7,639,982

0 14
GSM =] FIBEROPTIC |
INPUT COMBINED L AN 3 {
RF QUTPUT 16
PCS _| 1 INPUT | _
INPUT | COMBINER FIBEROPTIC
oEnE AT RX —
PAGING | | FIBEROPTIC | | 10 REMOTE ]
INPUT =l ™ N UNIT N 2
L JCOMBINED “———
RF QUIPUT
DOWN LINK DOWN LINK e
_____ UP LINK UP UNK ||
—
~ 50 | ’_J
l—L— 46 s G
G5 =—p— f— e L ,"BEFﬁpm COMBINER | INPUT]
QUTPUT | COMBINED L - '_/ﬁ |
RF OUTPUT 44
|
P | PCS
OUTPUT | I 1) ¢

SPUTTER | B g
FIBEROPTIC ]_
RX N

__FROM REMOTE
UNT #N

S -—f—

QUIPUT —

B. Ground 1a: Claims 1-10, 25-32, 34, 35, 37-51, and 81 Are Obvious
Over Oh

1. Independent Claim 1

(a) Preamble: “A digital radio frequency transport system,
comprising:”

To the extent the preamble of claim 1 is limiting, it is rendered obvious by Oh.

As discussed above, Oh discloses a Digital Optic Repeater system that receives
RF signals, from a base station 10 at a master unit 20 and from mobile terminals 40 at
remote slave units 30. The optic repeater 1 is installed in a radio wave shadow area
and converts received analog signals to intermediate frequency signals (e.g., close to
DC in the example at 3:11-14) and then to digital signals for mutual transmission and
reception to one another across optic lines 50. Ex. 1007, Abstract, Fig. 1. At a
destination unit, the digital signals transmitted across the optic lines 50 are converted
to analog signals, and upconverted to RF signals for transmission to their destination

(e.g., base station 10 or mobile terminals 40). /d.
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Patent Owner has made clear in a prior litigation that “digital radio frequency
(RF)” as that term is used in the 982 patent refers to sampling of any of baseband
signals, intermediate frequency signals, or radio frequency signals. See, Ex. 1008,

Acampora Report, 4136 (“Accordingly, the baseband digital samples, any

intermediate frequency digital samples, and any radio frequency digital samples are
all referred to a[s] being digital RF.”) Oh’s disclosure of A/D conversion (i.e.,
sampling) of intermediate frequency signals, including signals down converted to
close to DC (i.e., baseband signals) is disclosure of digital radio frequency data as that
term is used in the 982 patent.

Oh therefore renders obvious each limitation recited in the preamble of claim 1
by disclosing a digital radio frequency (digital samples of intermediate
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frequency/baseband analog signals) transport system (transmission of those digital
signals among the master 20 and slave units 30 across optic lines 50). Ex. 1005, 9998-

100.

(b) Element 1: “a digital host unit;”

Element 1 of claim 1 is rendered obvious by Oh.

As discussed above and as shown in Fig. 1, Oh’s master unit 20
transmits/receives analog signals to/from the base station and relays digital samples of
those analog signals to/from remote slave units 30 across optic lines 50. Ex. 1007, 2:70-

3:1; 4:62-64.

FIG. 1 1C

40

I Base Staton

Oh’s master unit 20 is analogous to the 982 patent’s digital host unit (DHU) 20
which interfaces with a wireless interface device (WID) 10 that in embodiments
comprises a base station (Ex. 1001, 4:28-29). And like Oh’s master unit 20, on the

forward path the *982 patents DHU “receives RF signals from WID 10 [i.e., base
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station] and converts the RF signals to digital RF signals. DHU 20 further optically

transmits the digital RF signals to multiple DRUs 40.” Id.
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Because Oh’s master unit 20 communicates analog signals bi-directionally with
a base station, and communicates digital signals bi-directionally with multiple remote
units (slave units 30), it is analogous to the host unit described in the 982 patent. Oh

renders obvious a digital host unit (master unit 20). Ex. 1005, 99101-103.

(c) Element 2a: “at least two digital remote units coupled to
the digital host unit,”

Element 2a is rendered obvious by Oh.
Oh’s slave units 30 convert “the digital signals transmitted from the master unit

20 through the optic line 50 to intermediate frequency signals, analog signals; converts
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them to RF signals and transmits them to the mobile terminals.” Ex. 1007, 3:47-49.
Oh’s slave units 30 further convert analog signals from the mobile terminals 40 to

digital signals and transmit them to master unit 20. /d., 4:23-25.
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Oh’s slave units 30 are analogous to the ’982 patent’s digital remote units
(DRUs) that digitally communicate with the DHU via optic cables (Ex. 1001, 3:61-64)
and wirelessly communicate with devices in their area (e.g., via antenna 599).

Oh renders obvious at least two digital remote units (slave units 30) coupled to
the digital host unit (master unit 20). Ex. 1005, q9104-105.

(d) Element 2b: “wherein the digital host unit includes
shared circuitry that performs bi-directional
simultaneous digital radio frequency distribution of
digitized radio frequency signals between the digital host
unit and the at least two digital remote units;”

Element 2b is rendered obvious by Oh.
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While the *982 patent’s specification does not use the term “shared circuitry”
beyond paraphrases of the claim language, in a prior litigation, Patent Owner has
clarified their position that “‘shared circuitry’ was intended to mean circuitry that is
used to support more than one remote unit.” Ex. 1008, §316. In that same document,
Patent Owner illustrated and discussed what it envisioned as the “shared circuitry” at

paragraphs 323-324.

downstream circuitry used to
support both Remotes A and B

= _ 4 o W - — i (- .{FlG, 4

—— = . S 7 ol ! , = e Remote

forward path, : ' | ; Antenna A

downstream,

downlink Remote
Antenna B

<

reverse path,

downstream,

downlink

upstream circuitry used to
support both Remotes A and B

There it identified *982 patent’s “circuitry in box 491, the mux 465, and fan out
buffer 431 as the downstream shared circuitry for providing digital radio frequency
distribution of digitized radio frequency signals, and “summing unit 498 of the FPGA,

the overflow algorithm and circuits of box 495” as the upstream shared circuitry.
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Oh discloses an analogous arrangement of components. On the downstream path
of Fig. 2, Oh’s circuitry at 120, 130, 140, 150, 160, 170, 180 down converts the analog
signals received from the base station to near DC and samples that data, just like the
’982 patent’s “circuitry in box 491.” Oh similarly includes a multiplexer 104 that
serializes the digitized data and distributes it to the remote slave units.

FIG.2

10

And on the reverse path, Oh’s digital combiner unit 430 performs digital
combining by aggregating (i.e., digitally summing) digitized radio frequency signals
received at master unit 20 from multiple slave units 30 (see, Ex. 1007, 4:68-70; 5:16-
17; Ex. 1005, 958) and then converts the resulting sums to analog signals and processes
those analog signals to generate a signal at 404 (i.e., analog combining) that represents
all of the data received from the multiple slave units 30 (i.e., an output RF signal
containing the same information contained in the 982 patent’s RF output).
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FIG. 5
405 406
— - "T" .
Base station b fi uri
410 4 4 P L 3%—5:"&_# ~ —— il
; ‘20 430 440 S0 60 470 480 200 490 = -
/ y \ P HPA &
} , ) ) | ) I—l—i
Remote — "_Jﬁ e f—— fo r B orem L N S s SH M e =
Antenna A [Ooll». ' I‘U:’ : ? ] \; 1 74 i - T - o
i K ’ I C o1 P ] (ry'l 1 I
3 I 1 o y_af W
412 11422 : Raadly 492!
i 492
Remote |f'h :.‘-l | _‘/\ Al [\“-I
Aotenea 8 o= R (A
v\ 1 |
414 1l t |—] Lecal }—~ |
! 4.84 | e 494
C i ‘, —P } "n.:: -—-:-— :6}7}-&-—'?\—-——--—
Pt ‘ MUX) T T T S0F T ST T
e 1y L "o it o e 11
I‘:’e 4 , | i | | .: 36 Iy — | 495
it p—— - '] I .
I (h c 'Il-J‘u.th 5 (5: ‘}":,_" }.-Er‘)o{?*"q;‘ ‘!—'r‘\:"—(;\_}} ! SAW [T >.L|' '__'1'(5(J ‘r>
ooy B e Watan i iR a1
4 1 44 'Y . ¥ )
418 28' i Bl col | :::-<0|| ————— '|LL("'I'|' .
" 46 = —1= 498
= i . T~ 403 402 £
\-"—':d .-:1.\ 1 -107 =08

Oh renders obvious the digital host unit (master unit 20) includes shared
circuitry (downstream 104, 120-190; upstream 420-510, 404) that performs bi-
directional simultaneous digital frequency distribution (signals transmitted from 190
and at the same time, signals received at 430 at the same time) of digitized radio
frequency signals (intermediate frequency signals sampled at master unit at 180 and
slave units at 380) between the digital host unit (master unit 20) and the at least two

digital remote units (slave units 30). Ex. 1005, 99106-110.

(e) Element 3: “wherein the digital host unit digitally sums
the digitized radio frequency signals received at the
digital host unit.”

Element 3 of claim 1 is rendered obvious by Oh.
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Oh’s master unit 20 includes a digital combiner unit 430 that performs digital
combining by aggregating digital signals transmitted from each demultiplexer 422, 424,

426, 428 of demultiplexer unit 420. Ex. 1007, 4:68-70; Ex. 1005, 958.
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Those demultiplexers at 420 receive data from individual remote slave units 30 at 410.

As depicted in Fig. 4, each slave unit 30 receives an analog signal from mobile
terminals 40, divides the received analog signal into its component frequency bands at
303 and downconverts the frequency band signals to near DC at 310-370. Ex. 1007,
4:26-34. The downconverted band signals are then sampled at 380 to create 12-bit

digitized radio frequency signals. Id., 4:56-61. The multiplexer 307 multiplexes the
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four 12-bit samples with 4 bits of control data from 204 to form 52-bit serial data signals

that are forwarded to master unit 20. /d.
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Referring back to Fig. 5, each demultiplexer 422, 424, 426, 428 receives a 52-bit
signal from its respective slave unit 30. Each demultiplexer forwards 12-bits of sample
data to the appropriate digital combiner associated with the proper frequency band for
that 12-bit sample and forwards its 4 bits of control data to control unit 107. Upon
receiving four 12-bit signals (one from each of demultiplexer 422, 424, 426, 428), each

digital combiner 432, 434, 436, 438 performs digital combining on those 12-bit signals
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to “creat[e a] 14-bit intermediate frequency signal[] by combining' four 12-bit
intermediate frequency signals in the same frequency band.” Ex. 1005, 480 (Dr. Baker

29 ¢

testifying that whether referred to as “adding,” ‘“‘aggregating,” or “combining,” the
result of digital combiners 432, 434, 436, 438 processing of the four 12-bit signals to
create a 14-bit signal is a “digital sum:” e.g., 1010 1010 1010 (2,730)+ 1100 1100 1100
(3,276) + 1111 1111 1111 (4,095) + 0000 1100 1100 (204) = 10 1000 0100 0001
(10,305)); Ex. 1007, 5:16-17.> Those 14-bit signals are then converted to analog signals
at 440, upconverted, combined (i.e., analog combining), and transmitted to the base

station 10. Id., 5:17-29; Ex. 1005, 958.

Oh renders obvious the digital host unit (master unit 20) digitally sums the

' The translation originally commissioned by SOLiD translated this word as “added.”
In parallel litigation in the UK, CommScope requested that it be translated as
“combined.” The translator is agreeable to using “combined,” and that is reflected in

Ex. 1007 submitted herewith.

2 This is evidenced by the CommScope patents themselves referring to their “sum”
operation as “combining.” See, Ex. 1001, 4:67-5:16 (“Both DHU and DEU split
signals in the forward path and sum signals in the reverse path...Splitting and
combining the signals in a digital state avoids the combining and splitting losses

experienced with an analog system.”)
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digitized radio frequency signals (creates 14-bit signals by combining four 12-bit
signals) received at the digital host unit.

Oh therefore renders obvious each limitation recited in claim 1. Ex. 1005, 94111-
114.
2. Dependent Claim 2
The ’982 patent states that in one embodiment a wireless interface device
comprises a base station. Ex. 1001, 4:28-30. Fig. 1 of Oh depicts a base station 10

coupled to master unit 20.
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Oh renders obvious a wireless interface device (base station 10) coupled to the

digital host unit (master unit 20). Ex. 1005, 4115.
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3. Dependent Claim 3

Oh discloses that RF signals are transmitted from base station 10 to master unit
20 through “RF cable.” Ex. 1007, 2:71-72. A POSITA in July 2000 would have
understood a reference to RF cable to mean coaxial cable. Ex. 1005, 4116, see also,
Ex. 1025, 1:27-29.

Oh renders obvious the wireless interface device comprises a base station (10)
that couples directly to the digital host (30) unit via coaxial cables (RF cable). Ex. 1005,

q116.

4. Dependent Claim 4

As discussed above in addressing claim 2, Oh discloses that its master unit 20 bi-

directionally communicates with base station 10.
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Figs. 2 and 5 illustrate that those bi-directional communications are via a bi-

directional amplifier, where Oh’s master unit 20 communicates with the base station 10

via a bi-directional filter 101, 406 connected to amplifiers 102, 405.
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A POSITA understands that a bi-directional amplifier comprises a bi-directional
duplex filter component to prevent the transmit signal from interfering with the receive
channel and an amplifier component. Fig. 5 of Oh illustrates its bi-directional filter 406
being connected to an antenna for wireless communication with the base station 10.

Oh renders obvious the wireless interface device comprises a base station (10)
that wirelessly connects (see, Fig. 5 Antenna) to the digital host unit (master unit 20)

via a bi-directional amplifier (101, 102, 405, 406). Ex. 1005, 9117-119.

5. Dependent Claim 5

Fig. 1 of Oh depicts two slave units 30, each of which has an antenna that is

depicted as transmitting signals to and receiving signals from mobile terminals. Oh
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explicitly says that the transmitted and received signals are RF. Ex. 1007, 3:59-61;

4:16-19.
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Oh renders obvious at least two digital remote units (slave units 30) each include
a main radio frequency antenna which transmits and receives radio frequency signals.

Ex. 1005, 9120-121.

6. Dependent Claim 6
Fig. 2 of Oh depicts the master unit 20 that receives a radio frequency signal and

outputs digital representation of the received radio frequency signal.
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FIG. 2
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As described at 3:6-18, a first divider 103 divides the received RF signal among

4 rows of frequency band digitization circuitry. The frequency band signals from the

divider are downconverted 120, filtered 130, amplified 140, further downconverted

150, further filtered 160, and further amplified 170 before being sampled at 180 to

create a digital representation of the received main radio frequency signal in the form

of four 12-bit samples, one from each frequency band path. The multiplexer 104

multiplexes those four 12-bit samples, which together represent the main radio

frequency signal received from the base station 10, and 4 bits of control data 107 that

1s transmitted to the remote slave units 30.
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Oh renders obvious the digital host unit (master unit 20) includes a radio
frequency to digital converter (103, 120-180, 104) that converts a main radio frequency
signal (received from base station 10) to at least a portion of the digitized radio
frequency signals (output from mux 104 to remote slave units 30). Ex. 1005, §9122-
124.

7. Dependent Claim 7

Fig. 2 of Oh depicts master unit 20’s multiplexer 104. Multiplexer 104 receives
the 12-bit samples from the A/D converter unit 180 and multiplexes them along with
the control data from 107 and outputs copies of those 52-bit signals to four remote slave

units 30 via optic converters depicted at 190. Ex. 1007, 3:16-19.
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Oh renders obvious the digital host unit (master unit 20) further includes a

multiplexer (104) which splits the digitized radio frequency signals (52-bit signals) into

at least two digital signals (mux 104 splits for transmission on 192, 194, 196, 198) for

optical transmission to the at least two digital remote units (remote slave units 30). Ex.

1005,

9125-126.

8. Dependent Claim 8

Fig. 2 of Oh depicts first control unit 107 that is coupled to multiplexer 104. That

control unit 107 appends 4 bits of NMS (Network Management System) control data to

each set of digital sample data transmitted across optic lines 50.
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Oh renders obvious the digital host unit (master unit 20) further comprises an
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alarm/control interface circuit (first control unit 107) coupled to the multiplexer (104).

Ex. 1005, 99127-128.

9. Dependent Claim 9

Oh discloses that master unit 20 includes local oscillators 112, 114, 116, 118 (for
converting from 801.23, 803.69, 806.15, 808.61 to 70Mhz: Ex. 1007, 3:20-25), and 105
(for converting from 70MHz to near DC: Ex. 1007, 3:34-37), coupled to oven-

controlled reference oscillator 106 in the forward direction of Fig. 2.

FIG. 2

134
~ 120 130 = 192
ue b ~._10 102 103 ;140 130 160 170 180 1041 / 190
o ! ¢ — 1 S ires=—n
"i}:;p r'.m‘l jl>-[3'ﬁc:'; L@ «nnll -> -® -|5pp :5—,‘>m: -1r 4 Optic 11:
[’} - I i
s ' [ |
101 ; ld Lacal |-t | 5 I | i !
' { 122! - I
P 124 oot ': -
I .'['Q"@’n_.“"" 1
| it e !
| r - I/ q i
} . 4 tLoco - |I
: 7 112411 I
! 1 | 1
1 1N I '
L————d Loca |-~ "o .
I 116/ :Lii,__l " : ®|1 Jo8
M' F?PFH Srbedo{ S Yl g Hed
| | P il i il
= 5 | IL-.:...;_' _____ I__:_::____I.;
ld Loe | ] | 1
1 i i .
06 1 8. SRR : 28 158 :
pple— 1'8 p——
110 —

And Oh discloses that master unit 20 includes local oscillators 403 (for converting from
near DC to 70 MHz: Ex. 1007, 5:19-22), 502, 504, 506, 508 (for converting from 70 to

801.23, 803.69, 806.15, 808.61 Mhz: Ex. 1007, 5:23-26) coupled to oven-controlled

reference oscillator 402 in the forward direction of Fig. 2.
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Oh’s disclosure of oven controlled reference oscillator (106 in Fig. 2, 402 in Fig. 5) in
master unit 20 teaches the limitation. To the extent that Oh is not explicit that reference
106 in Fig. 2 and 402 in Fig. 5 are indicating the same reference oscillator, such an
implementation would be obvious to a POSITA. Because the forward and reverse
frequency translations are to the same frequencies (i.e. 70MHz to/from about S00MHz;
near DC to/from 70MHz), the local oscillators operating in Figs. 2 and 5 will be
operating at the same frequencies. Having those common local frequencies being
generated in Figs. 2 and 5 using a single, common oven-controlled reference oscillator

would have been an obvious design choice because using a single reference oscillator
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would have reduced part count (and associated cost), reduced power consumption, and
reduced reliability concerns caused by additional moving parts that would be present if
discrete reference oscillators were used. As illustrated in Figs. 2 and 5 already, a single
reference oscillator can be used to generate several local frequency signals. Thus
implementing master unit 20 with a single reference oscillator 106/402 would have been
obvious.

To any extent that the use of a common reference oscillator is deemed not within
the general skill of the art, a POSITA would have been motivated to implement a
common reference oscillator for forward and reverse direction operations as disclosed
in van der Kaay (Ex. 1019), where a common reference oscillator 310 is used to
generate frequencies for frequency shifting operations in the forward and reverse
directions. A POSITA would be motivated to combine the disclosures because use of
a common reference oscillator would reduce part count (and associated cost), reduce
power consumption, and reduce reliability concerns caused by additional moving parts
that would be present if discrete reference oscillators were used. Further “[s]ince the
same reference oscillator signal (representative of the output of the referenced oscillator
310) is used throughout the RF signal distribution system, frequency accuracy is

maintained at a high level.” Ex. 1019, 9:62-65.
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Oh renders obvious the digital host unit (20) includes local oscillators (105, 112,
114, 116, 118, 403, 502, 504, 506, 508) coupled to a reference oscillator (106/402) for
synchronization of the radio frequency signal in the forward direction (Fig. 2) and the

reverse direction (Fig. 5). Ex. 1005, §9129-132.

10. Dependent Claim 10

Oh Fig. 1 illustrates master unit 20 communicating in the forward direction to a
slave unit 30 using a first optic line 50, highlighted in green, and in the reverse direction
from a slave unit using a second optic line 50 highlighted in red. Oh discloses master

unit 20 communicating with each slave unit 30 via fiber pairs.
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Oh discloses that the master unit 20 communicates digital data to slave units 30

via optic lines 50. Ex. 1007, 3:4-6. Oh is agnostic as to whether multimode or single
mode fiber is used. A POSITA would consider selection of multimode or single mode
to be a matter of design choice. This is evidenced by Farber which describes the use of
single or multimode fiber in an antenna system for reaching difficult coverage areas
(see, Fig. 1) that is very similar to the digital system of Oh. Ex. 1022 (“Farber”), 4:30-
33 (“Preferably the transmitter 14 employs a vertical cavity surface emitting laser or an
edge emitting laser coupled to a single or multi-mode fiber 16.”); Fig. 2. As further
evidence of obviousness of using multimode fiber, Haas illustrates the cost-benefit
analysis of selection of multimode or single mode fiber for an application. Ex. 1012,

1125. A POSITA would have been motivated to select multimode fiber as disclosed
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by Haas for communicating among a host and remote units when cost is a significant
factor for the project. Additionally as disclosed by Haas, in some instances multimode
fiber may already be installed in an area into which an RF distribution network is being

implemented, making reuse of that multimode fiber an attractive option.
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Oh alone, or in view of Farber, renders obvious the digital host unit 20 is coupled
to each of the at least two digital remote units 30 by a multimode (e.g., as disclosed by
Farber) fiber pair (see, red and green annotations between 20, 30 in Oh Fig. 1). Ex.

1005, 9133-135.

11. Independent Claim 25

()

To the extent the preamble of claim 25 is limiting, it is rendered obvious by Oh.

Preamble

Oh discloses digital radio frequency transport for the reasons noted above in

addressing the preamble of claim 1. Oh’s disclosure of multipoint-to-point digital radio
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frequency transport is evidenced in FIG. 1, where reverse slave units of multiple slave

units 30 receive RF signals from mobile terminals 40 via the antennas of the slave units

30.
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RF signals from the mobile terminals 40 are downconverted and converted to
digital representations at 380. The digital signals from A/D converter unit 380 are then
transmitted from the reverse slave units 300 to the reverse master unit 400 via optic
lines 50. Ex. 1007, 4:26-39.

Oh therefore renders obvious each limitation recited in the preamble of claim
25 by disclosing multipoint (multiple slave units 30) to point (master unit 20) digital

radio frequency (digital samples of intermediate frequency/baseband analog signals)
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transport (transmission of those digital signals from the multiple slave units 30 to the

master unit 20 across optic lines 50). Ex. 1005, 49136-138.

(b) Element 1: “receiving analog radio frequency signals at
multiple digital remote units;”

Oh discloses that each reverse slave unit 300 “converts the RF signals, analog
signals, transmitted from the mobile terminals 40... to the digital signals; and transmits
them to the master unit 20.” Ex. 1007, 4:22-25. Fig. 1 depicts multiple slave units 30

receiving analog RF signals from mobile terminals 40.
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Oh discloses receiving analog radio frequency signals (RF signals from mobile
terminals 40) at multiple digital remote units (multiple slave units 30). Ex. 1005,

9139-140.
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(¢) Element 2:

“converting the analog radio frequency

signals to digital radio frequency signals at each of the

digital remote units;”

Oh discloses that each reverse slave unit 300 “converts the RF signals, analog

signals, transmitted from the mobile terminals 40 through a bi-directional filter 301, to

digital signals.” Ex. 1007, 4:23-25. That digitization is illustrated at Fig. 4 where “A/D

converter unit 380 converts the intermediate frequency signals, analog signals, to the

digital signals.” Id., 4:56-67.
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Thus, Oh discloses “converting the analog radio frequency signals

(downconverted RF signals from mobile terminals 40) to digital radio frequency

signals at each of the digital remote units (at A/D converters of slave units 30).” Ex.
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1005, q9141-142.

(d) Element 3: “optically transmitting the digital radio
frequency signals from each of the digital remote units
to a digital host unit;”

Oh discloses that its reverse slave units 300 multiplex “all the digital signals
transmitted from said second A/D converter unit 380... to serial data signals and

outputs them to the reverse master unit 400 through a third optic converter unit 308

and the optic line 50.” Ex. 1007, 4:36-39.
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Oh discloses optically transmitting the digital radio frequency signals (using
optic converter unit 308) from each of the digital remote units (slave units 30) to a

digital host unit (master unit 20). Ex. 1005, q9143-144.
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(¢) Element 4: “receiving the multiple digital radio
frequency signals at the digital host unit;”

Oh discloses reverse master unit 400 comprises: (i) a first demultiplexer unit 420,
formed of demultiplexers connected to the optic line 50 and a fourth optic converter
unit 410, respectively, that [de]multiplexes the serial data signals transmitted from each
slave unit 30, separates them into four different frequency bands applicable to the
allocated frequency bandwidths and the NMS signals, and outputs to five output ports,

respectively. Ex. 1007, 4:65-68.
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Oh discloses receiving the multiple digital radio frequency signals (the digital
samples from the A/D converters at slave units 30) at the digital host unit (master unit

20). Ex. 1005, 99145-146.
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(f) Element5: “digitally summing the multiple digital radio
frequency signals together;”

Oh discloses Element 5 for the reasons discussed above for Claim 1, Element 3.

Ex. 1005, q147.

(g) Element 6: “converting the summed multiple digital
radio frequency signals back to analog radio frequency
signals and transmitting the signals to a wireless
interface device for further transmission to a switched
telephone network.”

Following the digital summing operation of Element 5, the summed digital data
values are converted to analog signals, up converted to the appropriate frequency
signals associated with their particular bands to create component analog signals, that
are then combined (i.e., analog combining) and transmitted to a base station via an
antenna. Ex. 1005, 958. As discussed above, Oh, as evidenced by Fig. 5’s depiction
of master unit 20 communicating with base station 10 via an antenna, evidences the

obviousness of wireless communications between a base station and master unit.
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Specifically Oh states:

After creating 14-bit intermediate frequency signals by combining four
12-bit intermediate frequency signals in the same frequency band, said
digital combiner transmits them to a first D/A converter unit 440. Each
D/A converter ... transmits 1.23MHz or 1.5MHz intermediate frequency
signals to... a third mixer unit 460 through a third amplification unit
450... The intermediate frequency signals outputted from said third
mixer unit 460 are transmitted to a fourth mixer unit 490 through a first
saw filter unit 470 and a fourth amplification unit 480. Said fourth mixer
unit 490 mixes the oscillating frequency in different frequency bands...
and transmits 800MHz RF signals in different frequency bands to a first
combiner 404 through a fifth amplification unit 510.
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Ex. 1007, 5:16-26. The analog signals are combined (i.e., analog combining) at 404 to
“aggregate the RF signals in different frequency bands transmitted from four mixers
492,494, 496, and 498,” and are amplified at 510 and run through a bi-directional filter
406 to an antenna and a base station.> Ex. 1005, 958. The Patent Owner admits that a
POSITA would understand a base station to include conventional base station hardware
includes radio controller or interface circuitry 322 to an MTSO or telephone switched
network. Ex. 1001, 6:24-27. Further, Wala (Ex. 1009) evidences that it was well known
in the art for RF transport systems to communicate with switched telephone networks
(e.g., via base stations). See, Ex. 1009, Fig. 1, 588 (“Because the voice channels
between the mobile telephone switching office (MTSO) and the cell site are often

already in digitized form...”).

3 Recall that "982 states that a wireless interface device may comprise a base station.
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Fig.1. Digital RF transport microcell: system block diagram

Oh discloses converting the summed multiple digital radio frequency signals
(outputs of 430) back to analog radio frequency signals (at 440) and transmitting the
signals (signals analog combined at 404) to a wireless interface device (405, 406,
antenna, base station) for further transmission to a switched telephone network (to
which a POSITA would understand the base station to be connected by conventional

means). Ex. 1005, 99148-149; 58.

12. Dependent Claim 26

In Oh, prior to digitizing the analog radio frequency signals at 380, those signals

are passed through amplification units 340 and 370.
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Oh renders obvious converting the analog radio frequency signals to digital radio
frequency signals comprises amplifying 