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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

ZAVALA LICENSING LLC, §
Plaintiff, g Case No:
Vs. g PATENT CASE
NEXTIVITY, INC. g
Defendant. g
§
COMPLAINT

Plaintiff Zavala Licensing LLC (“Plaintiff” or “Zavala”) files this Complaint against
Nextivity, Inc. (“Defendant” or “Nextivity”) for infringement of United States Patent No.
6,684,086 (hereinafter “the ‘086 Patent”).

PARTIES AND JURISDICTION

1. This is an action for patent infringement under Title 35 of the United States Code.
Plaintiff is seeking injunctive relief as well as damages.

2. Jurisdiction is proper in this Court pursuant to 28 U.S.C. §§ 1331 (Federal
Question) and 1338(a) (Patents) because this is a civil action for patent infringement arising
under the United States patent statutes.

3. Plaintiff is a Texas limited liability company with its office address at 15922
Eldorado Pkwy, Ste 500, Frisco, TX 75035.

4. On information and belief, Defendant is a Delaware corporation with a principal
address 16550 West Bernardo Drive Building 5, Suite 550. San Diego, CA 92127.

5. On information and belief, this Court has personal jurisdiction over Defendant

because Defendant has committed, and continues to commit, acts of infringement in this District,
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has conducted business in this District, and/or has engaged in continuous and systematic
activities in this District.
6. On information and belief, Defendant’s instrumentalities that are alleged herein to
infringe were and continue to be used, imported, offered for sale, and/or sold in this District.
VENUE
7. Venue is proper in this District pursuant to 28 U.S.C. § 1400(b) because

Defendant is deemed to reside in this District because Defendant is a Delaware corporation.

COUNT I
(INFRINGEMENT OF UNITED STATES PATENT NO. 6,684,086)
8. Plaintiff incorporates paragraphs 1 through 7 herein by reference.
9. This cause of action arises under the patent laws of the United States and, in

particular, under 35 U.S.C. §§ 271, et seq.

10.  Plaintiff is the owner by assignment of the ‘086 Patent with sole rights to enforce
the ‘086 Patent and sue infringers.

11. A copy of the ‘086 Patent, titled “Radio Base Station Device and Radio
Communication Method,” is attached hereto as Exhibit A.

12. The ‘086 Patent is valid, enforceable, and was duly issued in full compliance with
Title 35 of the United States Code.

13. On information and belief, Defendant has infringed and continues to infringe one
or more claims, including at least Claims 1 and 9, of the ‘086 Patent by making, using (at least
through internal testing), importing, selling, and/or offering for sale radio base station equipment
and systems, which are covered by at least Claims 1 and 9 of the ‘086 Patent. Defendant has
infringed and continues to infringe the ‘086 patent directly in violation of 35 U.S.C. § 271.

14.  Defendant sells, offers to sell, and/or uses radio base station equipment including,
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without limitation, the Cel-Fi QUATRA, and any similar products (“Product”), which infringe at
least Claims 1 and 9 of the ‘086 Patent. The Product comprises a radio base station apparatus
(e.g., an LTE base station). Certain claim elements are illustrated in the publicly available
information regarding the Product, as shown below:

Cel-Fi QUATRA

Ir nterpr ar system. A hyor
actiy )AS that solves vera ssues fof

http://swww_cel-fi.com/quatra/

Smart Cellular Coverage

http://www_cel-fi.com/quatra
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Cel-Fi QUATRA Network Unit {NU)

Cel-F1 QUATRA Network Unit (NU) 1s the hub of the system. The scalable design works with one 1 four Coverage
Units to provide up to 50,000 sq. ft. of coverage

o Provides donor signal 1o the CelFi QUATRA system

* Provides power 10 Coverage Units (up 10 four)

o Connecis to the CelFi WAVE Platform for remote monitoring and management

Cel-Fi QUATRA Coverage Unit {CU)

CelFi QUATRA Coverage Unit (CU) is the remote unit of the system that rebroadcasts the doner signal. The cost
efficient and easy-1o-deploy system leverages Power-Over-Ethernet (POE) for up to four CUs

* Provides coverage in the CelFi QUATRA system (up to four per Network Unit)

o Power delivered by Power-Over-Ethernet from the Network Unit

¢ Self-configuring and self-optimizing

http:/swww_cel-fi.com/quatra/
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Cel-Fi QUATRA is designed to distribute Small Cell

or Off-Air cellular service in mid-sized enterprise

environments, quickly, easily, and cost effectively.

System Features

. . L

Enterprise-class, carrier-grade, small footprint active DAS
MIMO RF inputs for (a) small cell donor or (b) external off-air
donor antenna

Network Unit (NU) (Head End) attaches to Coverage Unit
(CU) [Remote Radio Head) via Cat Se cable

A single NU and up to four (4) CUs may be attached (hub and
spTEarchibecture] ina QUATRA system

Multiple QUATRA systems may be deployed to increase
coverage footprint

Up to 100 meter range from NU to CU

QUATRA Range Extender [QRE) (optional) may be used to
increase NU -to-CU distance to 200 meters

Remote Management through Nextivitys WAVE coud
platform

Easiest installation in its cdlass

Glanceable LED User Interface (U)

Supporting smart phone application (QMT)

Mounting hardware induded

Wireless Features

-

3G & 4G /LTE support [ WCDMA / HSPA+ / LTE)

Supports up to four (4) bands simultaneously from a sirgli
operator

Supports FOD

MIMO (in two bands)

Up to 100dB systemgain per band (in Off-Air mode)

http://content.cel-fi.com/content/doc/quatra datasheet.pdf

November 2004 - 3GPP began a project to
define long-term evolution of UMTS
cellular technology

September 2005 - Stage 1 (freeze)

3GPP Release 7 September 2006 - Stage 2 (freeze) HSPA+ Standard
December 2007 - Staﬁe 3 (freeze)
March 2008 - Stage 1 (freeze)

3GPP Release 8 June 2008 - Stage 2 (freeze) LTE Standard

3GPP Release 9

December 2008 - Stage 3 (freeze)

December 2008 - Stage 1 (freeze)

June 2009 - Stage 2 (freeze)

December 2009 - Stage 3 (freeze)

SAE Enhancements, WiMAX
and UMTS Interoperability

3GPP Release 10

In progress

LTE-Advanced

http://
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3opplte-longtermevolution . blogspot.in/2010/06/classification-and-development-of-lte_ html

PLAINTIFF’S COMPLAINT AGAINST DEFENDANT NEXTIVITY, INC.

PAGE |5



Case 1:17-cv-01438-UNA Document 1 Filed 10/12/17 Page 6 of 26 PagelD #: 6

e i 1X Advanced

SIMULTANEOUS 1X VOICE AND EV-DO/LTE DATA (SVDO/SVLTE)

umcamef H/W Upgrade

EV-DORev. B DO Advanced

(Co mercial)

Rel-8 Rel-10 Rel-11 & Beyond
HSPA+ HSPA+
(S mmercial) (F Advanc

Rel-8 Rel-9 Rel-10 Rel-11 & Beyond

LTE LTE LT

e (Future) Advanced

commercia end 2011)

https:/lazure2 wordpress.com/mobile-intemet-standards/

Release 8 - LTE Introduced
Release frozen in Dec 2008

It was 3GPP release 8 when LTE was introduced for the very first time. All the releases following only enhanced the technology

Based on release 8 standardization, following were the main achievements
» High peak data rates : Up to 300 Mbps in downlink and 75 Mbps in uplink when using 434 MIMO and 20 MHz bandwidth
* High spectral efficiency
 Fleable bandwadths: 1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz and 20 Mz
* Short round trip time: 5 ms latency for IP packets in ideal radio conditions
« Simplfied Architecture
* OFDMA in downlink and SC-FDMA in uplink
« All [P network
* MIMO multiple antenna scheme

» Operation mn pawred (FDD) and ungpaired spectrum (TDD)

http://www_simpletechpost.com/2015/02/overview-of-lte-3gpp-releases.html
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The LTE technology as specified within 3GPP
Release 8 was first commercially deployed by end
2009. Since then the number of commercial
networks is strongly increasing around the globe.
LTE has become the fastest developing mobile
system technology. As other cellular technologies
LTE is continuously worked on in terms of
improvements. 3GPP groups added technology
components into so called releases. Initial
enhancements were included in 3GPP Release 9,
followed by more significant improvements in 3GPP
Release 10, also known as LTE-Advanced. BeyW

https:/cdn.rohde-

Page 7 of 26 PagelD #: 7

schwarz.com/pws/dl downloads/dl application/application notes/lma232/1MA232 le LTE Relll technologv.

LTE Fundamentals

Long Term Evolution (LTE) will ensure the

competitiveness of UMTS for the next ten years and
beyond by providing a high-data rate, low-latency
and packet-optimized system, Also known as E-

UTRA (Evolved Universal Terrestnal Radio Accessg.
LTE 1s pant o elease 8 specifications. L

can be operated in either frequency dmsion duplex
(FDD) or time division duplex (TDD) mode, also
referred to as LTE FDD and TD-LTE. The main key

‘/n- AR AR technology aspects of LTE are

New, Orthogonal Frequency Dnision Multiple

Access (OFDMA) based multiple access
schemes for both LTE FDD and TD-LTE

Scalable bandwidth up to 20 MHz
Support for Multiple Input Multiple Output (MIMO)

antenna technology

IP based)

New data and control channels
New network and protocol architecture (two node,

LTE (3GPP Release 8) supports theoretical peak data rates of 300Mbps in downlink and 75Mbps in uplink direction. The first

commercial network was launched in Sweden in December 2009 whereas meanwhile LTE has become the fastest growin
mobile communication technology ever. Commercially available end user devices suppont max. 1Iﬂmmﬁwgu
Please note that achievable data rates in real life networks varies depending on e.g. network load and propagation conditions
and is generally significantly lower than the maximum rates achieved in test lab ervironment.

https:/swww rohde-schwarz.com/us/technologies/cellular/lte/lte-technologv/Ite information 52292 html
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®
" \ S

UE
eNodeB A

A radio base
stahion

|9

https://penturalabs._files.wordpress.com/2013/12/1te-network-diagram png

What is the|LTE eNodeB?

One of the biggest differences between LTE networks and legacy 3G mobile communication systems
is the base station. In 3G systems, there is an intelligent and centralizing node like the RNC (Radio
Network Controller), and it needs to control all the radio resources and mobility over multiple NodeBs
(3G base stations) underneath it in a hieratical radio access network (Figure 1). All NodeBs need to do
is behave exactly according to commands from the RNC sent over the lub interface. In LTE, on the
other hand, eNBs (evolved NodeBs) as base stations have to manage radio resource and mobility in
the cell and sactor to optimize all the UE’s communication in a flat radio network structure (Figure 2).
Therefore, the performance of an LTE eNB depends on its radio resource management algorithm and
its implementation.
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http://www _artizanetworks.com/resources/tutorials/what lteenb_html
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http://www _artizanetworks.com/resources/tutorials/what lteenb html

LTE eNB Functions

According to the 3GPP Release 8 overview, the eNB hosts the following functions within an LTE

network:

* Radic Rescurce Management
»Radio Bearer Control
»Radio Admission Control
» Connection Mobility Control
»Dynamic allocation of resources to UEs in both uplink and downlink (scheduling)

http://swww _artizanetworks.com/resources/tutorials/fuc_html

15.  The Product comprises an estimation section (e.g., a processing block) that
estimates arrival directions of receiving signals (e.g., direction of received uplink signal) from a
plurality of communication terminals (e.g., mobiles, smartphones, tablets, etc.). Upon

information and belief the Product comprises an estimation section (e.g., a processing block) to
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calculate direction of arrival by a user equipment specific reference signal from the user
equipment (e.g., mobiles, smartphones, tablets, etc.). The base station estimates direction of
arrival of receiving signal from a user equipment for optimum beamforming. These and other
elements are illustrated in the publicly available information regarding the Product, as shown in
connection with the above allegations and as further shown below:

3.2.7 TM 7 - Beamforming (antenna port 5)

This mode uses UE-specific reference signals (RS). Both the data and the RS are
transmitted using the same antenna weightings. Because the UE requires only the UE-
specific RS for demodulation of the PDSCH, the data transmission for the UE appears
to have been received from only one transmit antenna, and the UE does not see the
actual number of transmit antennas. Therefore, this transmission mode is also called
"single antenna port; port 5. The transmission appears to be transmitted from a single
"virtual” antenna port 5.

N

\

Beam for UE-specific
data (Beamformed Tx)

/

-

Beam for common
channels (PDCCH,

PBCH, ...)

A user communication terminal
Figure 14: Beamforming in TM 7; use of UE-spec. 4 use transmit diversity

There are different algorithms for calculating the optimum beamforming weightings. For
example, it is possible to determine the direction of the received uplink signal (DoA or
angle of arrival (AoA)), and from that calculate the beamforming weightings. However,
this requires an antenna array with a distance between the individual antenna
elements of d < M/2. It can be difficult to determine the DoA if the angular spread is not
small or if there is no dominant direction in the DoA.

http://www.3g4g.co.uk/Lte/LTE WP 1110 RandS.pdf
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http://www.3g4g.co.uk/Lte/LTE WP 1110 RandS.pdf

3) Adaptive Beamforming: Adaptive beamforming uses antenna elements with a narrow antenna spacing of about half the carrier wavelength and it
has been studied for use with base stations with the antennas mounted in a high location. In this case beamforming is performed by exploiting the
UE Direction of Arrival (Do&) or the channel covariance matrix estimated from the uplink, and the resulting transmit weights are not selected from
a codebook. In LTE Rel. 8, a UE-specific RS is defined for channel estimation in order to support adaptive beamforming. Unlike the cell-specific RS,

http://blog.3g4g.co.uk/2011/03/quick-recap-of-mimo-in-Ite-and-lte.html

Function Implementation

PHY/ Baseband FPGAs/ASSPs

Lower |ayer protocol DSPs/Network processor

PDCP and upper layer protocols CPUs/Network processor with operation system

eNodeB vendors can minimize their development efforts by using generic components, not only in
terms of hardware modules but also in terms of intellectual property like baseband logical circuits on
FPGAs, protocol stack software, etc. The figuras below show examples of LTE eNB implementation on
a Micro-TCA platform.

http://www.artizanetworks.com/resources/tutorials/arc.html

The LTE system targets for high data rate, high system capacity and large coverage to
provide excellent user experience. Beamforming (8F) is one of the technologies
helping to reach this goal, specifically by improving the cell edge performance. LTE as
specified in 3GPP Release 8 already supports single-layer beamforming based on
user-specific Reference Symbois (also referred fo as Dedicated RS or DRS or DM
RS). Single-layer beamfroming uses only one codeword, i.e. one transport block. In
general the solutlon allows to duect the beam towards a specﬁc UE through posmon

the array of antenna elements and then applles the same preoodmg to both the data
payload and the UE-specific reference signal with this beam. It is important to note that
the UE-specific reference signal is transmitted in a way such that its time-frequency
location does not overlap with the cell-specific reference signal. As the scheme is not
involving any UE feedback mechanism, it is specifically suited for LTE in TDD mode of
operation, leveraging the reciprocity of the propagation channel in DL and UL direction.

https://cdn.rohde-
schwarz.com/pws/dl downloads/d]l application/application notes/1mal91/1IMA191 OE LTE release 9 technolo
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gy.pdf

6.10.3 UE-specific reference signals

UE-specific reference signals are supported for single-antenna-port transmission of PDSCH and are transmitted on
antenna port 5. The UE is informed by higher layers whether the UE-specific reference signal is present and is a valid
reference for PDSCH demodulation or not. UE-specific reference signals are transmitted only on the resource blocks
upon which the corresponding PDSCH 1s mapped. The UE-specific reference signal is not transmitted in resource
elements (k,/) in which one of the physical channels or physical signals other than UE-specific reference signal defined

in 6.1 are transmitted using resource elements with the same index pair (k,/) regardless of their antenna port p.

http://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.08.00 60/ts 136211v080800p.pdf

16.  The Product comprises a group dividing section (e.g., a processing unit) that
divides the plurality of communication terminals (e.g., mobiles, smartphones, tablets, etc.) into a
plurality of groups (e.g., dividing mobiles into different sectors within a cell), based on the
estimated arrival directions of the receiving signals. The base station selects a specific sector
antenna for a mobile if the direction of arrival of a reference signal from the mobile lies in the
sector of that antenna. This is illustrated in the publicly available information above and

additional information below:

Function Implementation

PHY/ Baseband FPGAs/ASSPs

Lower layer protocol DSPs/Network processor

PDCP and upper layer protocols CPUs/Network processor with operation system

eNodeB vendors can minimize their development efforts by using generic components, not only in

terms of hardware modules but also in terms of intellectual property like baseband logical circuits on

FPGAs, protocol stack software, atc. The figures below show examples of LTE eNB implementation on

a Micro-TCA platform.

http://www.artizanetworks.com/resources/tutorials/arc.html
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Boosted Supercell Off-Air

s ((E))

=1\~ NU=NETWORK UNIT
N CU = COVERAGE UNIT
SCIF = SMALL CELL INTERFACE

http://content.cel-fi.com/content/doc/quatra datasheet.pdf

Cel-Fi QUATRA is a simple to install carrier approved active DAS that distributes RF over Ethernet (RFOE). A single
systemn is comprised of one Network Unit (NU) and up to four Coverage Units (CU). The NU accepts Doner signals
from either the outside cellular network or a locally installed Small Cell, and passes that service over Cat 5e (or
better) cabling to CUs mounted where cellular service is needed.

The CUs contain their own transmit amplifiers and are powered from the NU using Power over Ethernet (PoE). This
allows for flexible placement of the CU's since AC power at the site of each CU is not required.

With four (4) Coverage Units, a combined in-building coverage range of up to 50,000 sq.ft. per system can be
achieved. For larger coverage areas up 1o 200,000 sq 11, muliple Celr1 QUAT RA sysiems may be used.

Cel-Fi QUATRA systems are self-configuring and can be fully managed from Nextivity's WAVE Portal. Status
notifications and alarms are fully custcmizable.

(@)

200 meter max COVERAGE UNITS (CU)
with Extender g » Up to four [4! Eel NU
) « Power over Ethernet

Ly * Built-in or External antennas
) c * Horizontal ceiling or vertical wall mountable
Cat Se or better u * Mounting Kit included
L
100m

Donor
Options

NETWORK UNIT (NU)
' 100m + Built-in or external donor antennas
"~ small cell - Accepts Small Cell donor inputs
q Interface

(to one or more Cel-Fi QUATRA systems)
+ Powers entire system

» Self-configuring

* Mounting Kit included

* Enterprise management

NU = NETWORK UNIT
CU = COVERAGE UNIT G:D

http://content.cel-fi.com/content/doc/quatra usermanual pdf
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3 Cel-Fi* Wideband MIMO Panel Antenna

CEL-F| Smart Cellutar Coverage

WREXTIVIYY

Model: AS2-X12-100

The AS2X12-100 © & dusk
polanzacn LTE MIMO antenna
for indocs or outdoor wall oein!.
or pcle rmount instalistons. The
artenna s desgned to cperste
within the frequency ranges of
693960 MHz and 1710-2700
MHz, providing optimzed pattem
covernge for DAS applications

Used =n conuncton  wih
Netwtys Artenna Postoning
spphestion the AS2-X12-100 =
an weal product to deliver the off-
air donor signal for the QUATRA
product.

7N\

FEATURES

« MIMO (LTE)

+ Dual polarization (vertical/horizortal) design
» OMA quick-release conractor

* Wideband coverage

« Low VEWR

« Aesthetically pleasing, low profile housing

SPECIFICATIONS

ELECTRIC SPECIFICATION

695364 | STR-0 | 17101220 | 19202170 | 2200-2500
e Wiz | WMz | MEz | ez | WM ?.E
Gain $3d6 | 7ades | 3348 | 9mdei | 3048 | 73dBi
VSWR <20 | 1.3
Polw zation 14y
- m
Horzontal Beamwidth 78 | 73 | e | b0
Verteal Beamwidth e | syee | 798y
Inpu Impedance wo
Max Power 100W | Stw

http://content.cel-fi.com/content/doc/antenna mimo brief pdf
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r

GLOBAL LTE BASE STATION MARKET TO REACH $6.37 BILLION IN 2013

Tuesday 5 March

Our latest report Global LTE Base Station Market 2013-2018: The Next Generation Infrastructure for 4G Mobile Telecommunications
examines the LTE base station market with a focus on leading vendors, prosperous regions, impending network transformation
projects, and central technologies.

As data traffic grows exponentially 3 rapid shift network shift to LTE and 4G will have to occur to cope. The introduction of
superphones and tablets has saturated the mobde market, and the introduction of new, faster network technologies has become a
matter of adapt-or-perish. Having a robust and practicable LTE strategy is what will separate today’s incumbent operators from
tomorrow’s.

Cellular base stations are the last knk between the core network and the end-user’s device. As such, their interoperability and
interaction must provide a high-speed, high-quality, low-latency service to which customers are rapidly growing accustomed. In
addition, operators in competitive markets seeking to minimise costs will seek out options that are compact, easy to install, require
Iittle maintenance, and are power efficient. As operators rocket towards trals and deployments, infrastructure vendors that have
readily available LTE base stations meeting a vanety of exacting standards will prevail,

https://www.asdreports.com/news-1202/global-lte-base-station-market-reach-637-billion-2013

However, this cells and sectors terminology will be challenged as the
ADDING ANTENNA SECTORS TO ADD CAPACITY industry deploys new antenna technology for systems like
The idea of optimizing coverage and capacity with the antenna system
¢ ”‘\(\‘, relies on focusing the beam in select areas and adapting to a user’s
. ( ,%:’ equipment—that by nature are not located uniformly. Uniform
U\ : ) distribution of a user’s equipment would clearly support the concept of
(408 DRECRONAL e Qa0 the same cell size and structure of the hexagon honeycomb. However,
Ve cyony ooy xopnay with technologies such as beam tilt, the beams are adjusted to be
L %-% a0 different sizes and direction to support the actual user patterns.

Technologies such as multi beam (as used in six-sector deployments),
adaptive array, and active antennas, allow the antenna’s coverage area to be shaped and formed to fit the capacity and
coverage requirements of users. For example, a six-sector deployment is, in effect, two sectors per cell, or is it?

http://www.commscope.com/Blog/Cells--Sectors-and-Antenna-Beamforming/
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4211 BS antenna radiation pattern

The BS antenna rad: pattern to be used for each sector in 3-sector cell sites is plotted in Figure 4.1. The pattern is
sdentical to those defined in (1], [2] and [4):

A(ﬂ):-min[lz[i] . A_] where ~180<0<180.
O

0,4y is the 3dB beam width which corresponds to 65 degrees, and A, = 20dB is the maximum attenuation

:
5 /N
g 10 / \
5.
2
2

-180 -150 -120 90 -60 -30 0 30 60 9 120 150 180
Horizontal Angle - Degrees

Figure 4.1: Antenna Pattern for 3-Sector Cells

http://www.etsi.org/deliver/etsi tr/136900 136999/136942/08.02.00 60/tr 136942v080200p.pdf

PLAINTIFF’S COMPLAINT AGAINST DEFENDANT NEXTIVITY, INC. PAGE | 16



Case 1:17-cv-01438-UNA Document1 Filed 10/12/17 Page 17 of 26 PagelD #: 17

Considering beam forming function of smart antenna, the following five basic beam forming pattern is provided with
their main beam pointing to 0°,30°,45°,60° and 70° respectively. The beam patterns pointing to -30°,-45° -60° and -70°
can be derived through the image of the above beam patterns. Thus, we can get nine angles beamforming radioation
pattern. The gain of blow -90 and above 90 is assumed as - by using the ideal isolation. In the simulation each UE will
select the most adjacent (in angle) beam pattern for signal strength and interference calculation accroding the the angle
calculated from the UE position and BS sector antenna direction. For example if a UE "s angle to the direction of the
sector is 25°, the 30° beam pattern will be selected. Then the selected beam pattern will be shifted -5°, by which the
main beam will pointing the UE. The signal strengh and interference from different direction will be calculated based
on the shifted pattern. The shifted angle out of [-90°,90°] will be transfered inside [-90°,90°] by horizontal imaging.

Beamformer

10

/N
] L\

[— DOA of Expected user. 0 |
Z -1 | s Y

magnitude (dB)
3

20+ 3
-30+ 4
-40

20 60 40 20 20 40 60 80

0
angle (degree)
Figure B.1: 0° beam forming pattern

http://www.etsi.org/deliver/etsi tr/136900 136999/136942/08.04.00 60/tr 136942v080400p.pdf

17.  The Product comprises an assignment control section (e.g., a scrambling sequence
generator block) that assigns a same scramble code to all communication terminals (e.g.,
mobiles, smartphones, tablets, etc.) belonging under a same group (e.g., mobiles under a sector
of a cell). The scrambling sequence depends upon the initialization value of the scrambling
sequence, which is calculated on basis of the physical layer cell identity of the base station. The
physical layer cell identity determines cell ID group and cell ID sector. This is illustrated in the

publicly available information above and the additional information below:
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code woeds layers antenna ports
o Modulation | | [—r— | [ OFDM signal |
e mapper | ngper | | generation |
| Layer
’ et ’ ' |
| r— Modulation Reverce clomont OFDM signal | .
1 . mapper mpper gencration

Figure 6.3-1: Overview of physical channel processing.

6.3.1  [Scrambling

For each code word g , the block of bits 5'°(0),..., bm(M::’ —1), where Mu’ is the number of bits in code word ¢
transmitted on the physical channel in one subframe, shall be scrambled prior to modulation, resulting in a block of
scrambled bits 5'7(0),...,5'? (MY —1) according to

593y =[67(i)+ (1) Jmod 2

where the scrambling sequence ¢?(7) is given by Section 7.2. The scrambling sequence generator shall be initialised at
the start of each subframe, where the initialisation value of ¢, depends on the transport channel type according to

- npsn 2 2" #|n, 2] 2° + N5 for PDSCH
/2 )-2% + NN for PMCH

where ngy .y, corresponds to the RNTI associated with the PDSCH transmission as described in Section 7.1[4].

Up to two code words can be transmitted in one subframe, 1.c., g€ {O,I}. In the case of single code word transmission,
q 1s equal to zero.

http://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.08.00 60/ts 136211v080800p.pdf

[Scrambling

« Sequence generation
- The scrambling sequence generator shall be initialised at the start of each subframe,
where the initialisation value of Cj,;
« Generation register
- Fill the top register with the following fixed pattern x(0)=1(MSB),and x(1)=...=x(30)=0.
- Fill the lower register with the initialisation sequence based on below

MSB LSB Scrambling
TDDDOUDDUODMDDDUUUmDDUUUUIGU code

e

L\

*

‘-n
dooocoocoocoooooooocooonoooon

« PDSCH & PMCH: ¢, = {"uxn 21 ﬂ?'zn +(Il_/2)-2' + N;,'," for PDSCH

(n,/2)-2" +Ng™™ for PMCH
« PBCH: % =Nii'  (Re-initialization is performed every 4 subframes)

el

« PCFICH, PDCCH, PHICH: €y =(1./2)-2" + N[5

https://www.slideshare.net/allabout4 g/lte-rel-8-physical-layer
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6.3 General structure for downlink physical channels

This section describes a general structure, applicable to more than one physical channel.
The baseband signal representing a downlink physical channel is defined in terms of the following steps:

- scrambling of coded bits in each of the code words to be transmitted on a physical channel

- modulation of scrambled bits to generate complex-valued modulation symbols

- mapping of the complex-valued modulation symbols onto one or several transmission layers

- precoding of the complex-valued modulation symbols on each layer for transmission on the antenna ports
- mapping of complex-valued modulation symbols for each antenna port to resource elements

- generation of complex-valued time-domain OFDM signal for each antenna port

http://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.08.00_60/ts_136211v080800p.pdf

N® Bandwidth available for use by PUCCH formats 2/2a/2b, expressed in multiples of N:”

NHo The offset used for PUSCH frequency hopping, expressed in number of resource blocks (set by
hig& layers)

.\'IT," Physical layer cell identity I

N> MBSFN area identity

NRL Downlink bandwidth configuration, expressed in multiples of N}#

http://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.08.00 60/ts 136211v080800p.pdf

There are 504 unique physical-layer cell identities. The physical-layer cell identities are grouped into 168 unique
physical-layer cell-identity groups, each group containing three unique identities. The grouping is such that each
physical-layer cell identity is part of one and only one physical-layer cell-identity group. A physical-layer cell identity

Nt =3N) + N is thus uniquely defined by a number N[} in the range of 0 to 167, representing the physical-layer

cell-identity group, and a number N },2)’ in the range of 0 to 2, representing the physical-layer identity within the
physical-layer cell-identity group.

http://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.09.00_60/ts_136211v080900p.pdf

http://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.09.00 60/ts 136211v080900p.pdf

Cell ID (LTE)

Menu Path: MeasSetup > LTE Demod Properties... > Format tab

Default: Auto
Range: Auto, Manual: 0-503

call 1D sets the physical (N ) layer cell ID ThIS Dmuaver Cell 10 detarmmes the Cel 10 Group and Cell ID Sector There are 168 possmle Cel 10 oroups and 3 possmle Cell ID sectors; therefore, there are
= S04 possible P to d toma! 0. s D must be specified for
suwessful demodulation.

The physical layer cell id can be caloulated from the following formula:
PHY-layer Cell ID = 3*(Cell ID Group) + Cell ID Sector

http://rfmw.em.keysight.com/wireless/helpfiles/89600b/webhelp/subsystems/Ite/content/Ite_dlg fmt cellid.htm

18.  The Product comprises a calculation section (e.g., a precoding weights generating
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block) that calculates a transmission weight (e.g., a precoding weight) to perform directional
transmission (e.g., user equipment specific beamforming) to the plurality of communication
terminals (e.g., mobiles, smartphones, tablets, etc.). This is illustrated in the publicly available

information above and the additional information below:

> -—

Channel [ signal i% Reproduced
estimation | ,|separation z £ data
» is

LI
Ww:(;::m’lag - Codebook

I a calculation section whach calculates a transmassion weight I CQL RI

http://1.bp.blogspot.conv/-
ULXNHVGIo0w/TZBa9fQZIqI/AAAAAAAADGs/TOIOGGN641¢/s1600/MIMO NttDocomo 1.ipg

Beamforming

Antenna technologies are the key in increasing network capacity. It started with
sectorized antennas. These antennas illuminate 60 or 120 degrees and operate as one
cell. In GSM, the capacity can be tripled, by 120 degree antennas. Adaptive antenna
arrays intensify spatial multiplexing using narrow beams. Smart antennas belong to
adaptive antenna arrays but differ in their smart direction of arrival (DoA) estimation.
Smart antennas can form a user-specific beam. Optional feedback can reduce
complexity of the array system.
Beamforming is the method used to create the radiation pattern of an antenna array. It
can be applied in all antenna array systems as well as MIMO systems.
Smart antennas are divided into two groups:
- Phased array systems (switched beamforming) with a finite number of
fixed predefined patterns
- Adaptive array systems (AAS) (adaptive beamforming) with an infinite
number of patterns adjusted to the scenario in realtime

Direction
_~| transmission

o=

https://cdn.rohde-
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schwarz.com/pws/dl _downloads/dl application/application notes/1mal42/1IMA142 Qe introduction to MIMO.p

df

3.1.2 LTE (3GPP Release 8)

UMTS Long Term Evolution (LTE) was introduced in 3GPP Release 8. The objective is
a high data rate, low latency and packet optimized radio access technology. LTE is
also referred to as E-UTRA (Evolved UMTS Terrestrial Radio Access) or E-UTRAN

(Evolved UMTS Terrestrial Radio Access Network).

The basic concept for LTE in downlink is OFDMA (Uplink: SC-FDMA), while MIMO
technologies are an integral part of LTE. Modulation modes are QPSK, 16QAM, and
64QAM. Peak data rates of up to 300 Mbps (4x4 MIMO) and up to 150 Mbps (2x2
MIMO) in the downlink and up to 75 Mbps in the uplink are specified.

For an introduction to LTE, refer to [2] [3] [4]. For more information on MIMO in LTE,

refer to [6].

Downlink

The following transmission modes are possible in LTE:

e Single antenna transmission, no MIMO

e Transmit diversity

e Open-loop spatial multiplexing, no UE feedback required
‘e Closed-loop spatial mulfiplexing, UE feedback required

e Multi-user MIMO (more than one UE is assigned to the same resource block)
o Closed-loop precoding for rank=1 (i.e., no spatial multiplexing, but precoding is

used)
o Beamforming

Antenna

https://cdn.rohde-
schwarz.com/pws/dl downloads/dl application/application notes/1mal42/1MA142 Oe introduction to MIMO.p
df
Code Lanfers .
words R N N | ] (OFDMA signal
9 mapper 'I generation
wevper Precoding I
U . {5 |l
Figure 12: LTE downlink
https://cdn.rohde-

schwarz.com/pws/dl _downloads/dl application/application notes/1mal42/IMA142 Oe_introduction to MIMO.p

df
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6.34 Precoding

‘lhFn'nkvhlna:vdaliu’lo(\rﬁax:!”:lx"u) x“‘“mr..=q1.,.,u::-| froem the kayer
mwwmnuuﬂur\mum,u[_ ¥ ..f..:o.x.‘,.u:_-l to be mapped anto resources on
cach of the antenna ports, where ¥ (i) represents the signal for anterna port p.

I 6.3.4.1 Precoding for transmission on a single antenna port I

For transmission on a single antenna port, precoding is defined by
Y ="

where pe {0,4,5) 1s the number of the single antenna port used for transmassson of the physacal channd and

PO AMEL -1, M, =M.

|6.342 Precoding for spatial multiplexing |

Precoding for spatial mutiplexmg 15 only tsed 1n combenation wath kayer mappeng for spataal multiplexing as described
n Section 6.3,3.2. Spatial multiplexang supports two or four antenna ports and the st of anternna ports used i
pe o))or pe P),2,3), respectively.

|6.3.4.2.1 Precoding without COD I
Wthout cyclic delay diversity (CDD), precoding for spatial multiplexang s defined by

[ x|

=»-(.{ : |
0} =N

| Paa(0)]

S0

where the precoding matrix (1) s of size Pxv and =01, M%, -1, M3 =M.

For spatsal multsplexing, the values of (1) shall be sclected among the precoder clements in the codebook configured
n the eNodeB and the UE. The eNodeB can further confine the precoder selection m the UE to a subset of the clements
mn the codebook using codebook subset he debook shall be selected from Table 6.3.4.2.3-1

or 6.3.42.3.2,
[ 63422 Precoding for large delay COD I
For large-delay CDD), precoding for spatial multiplexing s defined by
[ ¥ ] [ x@ ]
=W (X
L =0

where the precoding matrix IW(7) s of size Pxvandi =0, M2, -1, M7, =M% The dagonal size- UX 0 matrix
D(7) sepporting cychic delay diversaty and the sizee x v matrix [ are both given by Table 6.3.4.2.2.1 for dafferent
numbers of kyersv .

http://www.etsi.org/deliver/etsi ts/136200 136299/136211/08.08.00 60/ts 136211v080800p.pdf

19.  The Product comprises a directional transmission section (e.g., antenna section)
that directionally transmits (e.g., user specific beamforming) a transmission signal modulated
with the assigned scramble code (e.g., an OFDM signal), using the calculated transmission
weight (e.g., determined precode). The accused product modulates the scrambled transmission
signals (e.g., code words) and also comprises a directional transmission section (e.g., antenna
section) which directionally transmits (e.g., a user specific beamforming) the modulated signal to
the plurality of communication terminals (e.g., mobiles, smartphones, tablets, etc.) using the
calculated transmission weight (e.g., determined precode). This is illustrated in the publicly

available information above and the additional information below:
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6.3 General structure for downlink physical channels
This section describes a general structure, applicable to more than one physical channel.
The baseband signal representing a downlink physical channel is defined in terms of the following steps:

- scrambling of coded bits in each of the code words to be transmitted on a physical channel

- modulation of scrambled bits to generate complex-valued modulation symbols

- mapping of the complex-valued modulation symbols onto one or several transmission layers

- precoding of the complex-valued modulation symbols on each layer for transmission on the antenna ports

- mapping of complex-valued modulation symbols for each antenna port to resource elements

- generation of complex-valued time-domain OFDM signal for each antenna port

http://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.08.00_60/ts_136211v080800p.pdf

20.  The Product comprises a calculation section (e.g., a precoding calculation section)
calculates the transmission weight (e.g., a precode) that is common to all the communication
terminals (e.g., mobiles, smartphones, tablets, etc.) belonging under the same group (e.g.,
mobiles under a sector of a cell).

21.  The Product comprises a directional transmission section (e.g., antenna section)
that performs transmission with a same directivity (e.g., user-specific beamforming) to all the
communication terminals (e.g., mobiles, smartphones, tablets, etc.) belonging under the same
group (e.g., mobiles under a sector of a cell).

22.  Regarding Claim 9, the Product The accused product (e.g., LTE base station)
practices a radio communication (e.g., cellular communication) method. The Product practices
estimating arrival directions of receiving signals (e.g., direction of received uplink signal) from a
plurality of communication terminals (e.g., mobiles, smartphones, tablets, etc.). The base station
estimates direction of arrival of receiving signal from a user equipment for optimum
beamforming. The Product practices dividing the plurality of communication terminals into a
plurality of groups (e.g., dividing mobiles into different sectors within a cell), based on the

estimated arrival directions of the receiving signals. The base station selects a specific sector
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antenna for a mobile, if the direction of arrival of reference signal from the mobile lies in the
sector of that antenna. The Product practices assigning a same scramble code to all
communication terminals belonging under a same group (e.g., mobiles under a sector of a cell).
Upon information and belief, the accused product practices assigning, by an assignment control
section (e.g., a scrambling sequence generator block), which assigns a same scramble code to all
communication terminals belonging under a same group. The scrambling sequence depends upon
the initialization value of the scrambling sequence, which is calculated on basis of the physical
layer cell identity of the base station. The physical layer cell identity determines cell ID group
and cell ID sector. The accused product practices calculating a transmission weight (e.g., a
precoding weight) to perform directional transmission (e.g., user equipment specific
beamforming) to the plurality of communication terminals (e.g., mobiles, smartphones, tablets,
etc.). The Product practices directionally transmitting (e.g., user specific beamforming) a
transmission signal modulated with the assigned scramble code (e.g., an OFDM signal), using
the calculated transmission weight (e.g., determined precode). The Product modulates the
scrambled transmission signals (e.g., code words) and also comprises a directional transmission
section (e.g., antenna section) which directionally transmits (e.g., a user specific beamforming)
the modulated signal to the plurality of communication terminals (e.g., mobiles, smartphones,
tablets) using the calculated transmission weight (e.g., determined precode). The Product
practices, in the transmission weight calculation step, the calculated transmission weight (e.g., a
precode) that is common to all the communication terminals belonging under the same group.
The Product practices in the directional transmission step, transmission is performed with a same
directivity (e.g., user-specific beamforming) to all the communication terminals belonging under

the same group. These elements are further illustrated in the allegations above in connection
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with Claim 1.

23.  Defendant’s actions complained of herein will continue unless Defendant is
enjoined by this court.

24.  Defendant’s actions complained of herein are causing irreparable harm and
monetary damage to Plaintiff and will continue to do so unless and until Defendant is enjoined
and restrained by this Court.

25.  Plaintiff is in compliance with 35 U.S.C. § 287.

PRAYER FOR RELIEF

WHEREFORE, Plaintiff asks the Court to:

(a) Enter judgment for Plaintiff on this Complaint on all causes of action asserted
herein;

(b) Enter an Order enjoining Defendant, its agents, officers, servants, employees,
attorneys, and all persons in active concert or participation with Defendant who receive notice
of the order from further infringement of United States Patent No. 6,684,086 (or, in the
alternative, awarding Plaintiff a running royalty from the time of judgment going forward);

(c) Award Plaintiff damages resulting from Defendant’s infringement in
accordance with 35 U.S.C. § 284;

(d) Award Plaintiff pre-judgment and post-judgment interest and costs; and

(e) Award Plaintiff such further relief to which the Court finds Plaintiff entitled

under law or equity.
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Dated: October 11, 2017 Respectfully submitted,

/s/ Stamatios Stamoulis

STAMATIOS STAMOULIS

State Bar No.

STAMOULIS & WEINBLATT LLC
Two Fox Point Centre

6 Denny Rd.

Suite 307

Wilmington, DE 19809

(302) 999-1540
stamoulis@swdelaw.com
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