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Applicant must attsch form PTO/SB/ 184 or B or eguivalent.
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Electronic Acknowledgement Receipt

EFS ID: 37539622
Application Number: 16661368
International Application Number:
Confirmation Number: 6065
Title of Invention: OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM
First Named Inventor/Applicant Name: Shawn Patrick Stapleton
Customer Number: 27076
Filer: Jennifer Lane Spaith/Alexandra Yaeger
Filer Authorized By: Jennifer Lane Spaith
Attorney Docket Number: P282739.US.03 (DW-1039-1)
Receipt Date: 23-0CT-2019
Filing Date:
Time Stamp: 15:00:48
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document ... . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)

1256285

- 20191023_ADS_P282739US03_|
1 Application Data Sheet DW-1039-1.pdf no 8

f47e61fc348982f6cbc0c2ccc671da9864657]

Warnings:
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Information:

13424737
20191023_ContinuationApplic
2 ationAsFiled_P282739US03_D yes 43
W-1039-1.pdf a0b706fcbde2e58085c9de390c3dd989a6H|
2c2ad
Multipart Description/PDF files in .zip description
Document Description Start End
Power of Attorney 42 43
Oath or Declaration filed 40 41
Drawings-only black and white line drawings 29 39
Abstract 28 28
Claims 27 27
Specification 3 26
Internet Communications Authorized 2 2
Transmittal of New Application 1 1
Warnings:
Information:
Total Files Size (in bytes)1 14681022

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/AIA/14 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

) } Attorney Docket Number | P282739.US.03 (DW-1039-1)
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

[ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.}

Inventor Information:

Remove
Inventor |1

Legal Name
Prefix| Given Name Middle Name Family Name Suffix
‘ El Fhawn Fatrick Flapleton ‘ El
Residence Information (Select One) US Residency ® Non US Residency Active US Military Service
City |Burnaby | Country of Residence i EA |

Mailing Address of Inventor:

Address 1 MAPLES CORPORATE SERVICES LIMITED
Address 2 P.O. Box 309, Ugland House, South Church Street
City | ISeorge Town, Grand Cayman | State/Province | |
Postal Code | y1-1104 | Countryi | ‘KY
Inventor 2
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
‘ El lSeyed )Amin I—Iejazi ‘ El
Residence Information (Select One) US Residency (8 Non US Residency Active US Military Service
City |Burnaby || country of Residence i kA |

Mailing Address of Inventor:

Address 1 MAPLES CORPORATE SERVICES LIMITED
Address 2 P_.C. Box 309, Ugland House, South Church Street

City | ISeorge Town, Grand Cayman I State/Province | |
Postal Code | [kv1-1104 | Countryi | kv

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Correspondence Information:

EFS Web 2213
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | P282739.US.03 (DW-1039-1)

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number P7076

Email Address | [ AddEmail |  [Remove Emai

Application Information:

Title of the Invention OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM

Attorney Docket Number| P282739.US.03 (DW-1039-1) Small Entity Status Claimed

Application Type Nonprovisional -
Subject Matter | Htility v
Total Number of Drawing Sheets (if any) 11 Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 US.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). )
Application number of the previously Filing date {YYYY-MM-DD) Intellectual Property Authority or Country N
filed application

Publication Information:
[ ] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: e Customer Number US Patent Practitioner ‘ (O Limited Recognition (37 CFR 11.9)

Customer Number D7076

EFS Web 2.2.13

Page 5 CommScope Exhibit 1002



PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | P282739.US.03 (DW-1039-1)

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | Pending v Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

[Continuation of

4

13950160 2013-07-24

Prior Application Status | [Expired -

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

13950160 [Claims benefit of provisional ~| 61678016 R012-07-31

Additional Domestic Benefit/National Stage Data may be generated within this form

by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim pricrity to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.5.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)1).

Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined under the first inventor to file provisions of the AlA.

EFS Web 2.2.13
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | P282739.US.03 (DW-1039-1)

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly sighed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPQO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 helow, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authoerization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIP0O), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related biblicgraphic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

().

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2_ Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s}

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authocrize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.

EFS Web 2.2.13
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | P282739.US.03 (DW-1039-1)

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant }

If the applicant is the inventor (or the remaining jeint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

R

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name | by gyctems Co. Lid.

Mailing Address Information For Applicant:

Address 1 Maples Corporate Services Limited

Address 2 P.O. Box 309, Ugland House, South Church Street

City [Seorge Town, Grand Cayman State/Province

Country ‘ KY Postal Code KY1-1104
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.

EFS Web 2.2.13
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | P282739.US.03 (DW-1039-1)

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM

Assignee (1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. X
Organization Name Dali Systems Co. Ltd.
Mailing Address Information For Assignee including Non-Applicant Assignee:
Address 1 Maples Corporate Services Limited
Address 2 P.O. Box 309, Ugland House, South Church Street
City [Seorge Town, Grand Cayman I State/Province
Countryi KY I Postal Code KY1-1104
Phone Number | Fax Number
Email Address
Additional Assignee or Non-Applicant Assignee Data may be generated within this form by o

selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14{c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature |fJennifer Spaith/ Date (YYYY-MM-DD)| R2019-10-23
First Name Pennifer Last Name | Fpaith Registration Number 1916
Additional Signature may be generated within this form by selecting the Add button. Add
EFS Web 2.2.13
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | P282739.US.03 (DW-1039-1)

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

EFS Web 2.2.13
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1 The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.5.C. 552) and the Privacy
Act (5U.5.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3 Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
acontract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.C.
552a{m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

6.  Arecord in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.5.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8.  Arecord from this systemn of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.5.C.
122(b) or issuance of a patent pursuant to 35U.5.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.
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ABSTRACT
A system for dynamically routing signals in a Distributed Antenna System
includes a plurality of Digital Access Units (DAUs). The plurality of DAUs are coupled and
operable to route signals between the plurality of DAUs. The system also includes a plurality of
Digital Remote Units (BRUs) coupled to the plurality of DAUs and operable to transport signals
between DRUs and DAUs and a plurality of Base Transceiver Stations (BTS). The system
further includes a plurality of traffic monitoring modules and a network optimization goal and

optimization algorithm.
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WHATIS CLAIMED IS:

1. A system for dynamically routing signals in a Distributed Antenna
System, the system comprising:

a plurality of Digital Access Units (DAUs), wherein the plurality of DAUs are
coupled and operable to route signals between the plurality of BAUs;

a plurality of Digital Remote Units {DRUs) coupled to the plurality of DAUs and
operable to transport signals between DRUs and DAUs;

a plurality of Base Transceiver Stations (BTS);

a plurality of traffic monitoring modules; and

a network optimization goal and optimization algorithm.
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OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA
SYSTEM

CROSS-REFERENCES TO RELATED APPLICATIONS
{8661} This application is a continuation of pending U.S. Patent Application No. 13/950,160
tiled July 24, 2013 entitled “OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED
ANTENNA SYSTEM”, which application claims priority to U.S. Provisional Patent Application
MNo. 61/678,016, filed on July 31, 2012, entitled "OPTIMIZATION OF TRAFFICLOADIN A
DISTRIBUTED ANTENNA SYSTEM". The aforementioned applications are incorporated

herein by reference, in their entirety, for any purpose.

SUMMARY OF THE INVENTION
{0062} The present invention generally relates to wireless communication systems employing
Distributed Antenna Systems (DAS) as part of a distribuied wireless network. More specifically,
the present invention relates to a DAS utilizing traffic monitoring and optimization. Wireless
network operators faces the continuing challenge of building networks that effectively manage
high data-traffic growth rates. Mobility and an increased level of multimedia content for end
users typically employs end-to-end network adaptations that support new services and the
increased demand for broadband and flat-rate Internet access. One of the most difficult
challenges faced by network operators is caused by the physical movement of subscribers from
one location to another, and particularly when wireless subscribers congregate in large numbers
at one location. A notable example is a business enterprise facility during lunchtime, when a
large number of wireless subscribers visit a lunch room or cafeteria location in the building. At
that time, a large number of subscribers have moved away from their offices and usual work
areas. It's likely that during lunchtime, there are many locations throughout the facility where
there are very few subscribers. If the indoor wireless network rescurces were properly sized
during the design process for subscriber loading as it is during normal working hours when
subscribers are in their normal work areas, it is very likely that the lunchtime scenario will
present some unexpected challenges with regard to available wireless capacity and data

throughput.
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{80831 According to an embodiment of the present invention, a system for dynamically routing
signals in a Distributed Antenna System is provided. The system includes a plurality of Digital
Access Units (BAUs). The plurality of DAUSs are coupled and operable to route signals between
the plurality of DAUs. The system also includes a plurality of Digital Remote Units (DRUSg)
coupled to the plurality of BAUs and operable to transport signals between BRUs and DAUs,
The system further includes one or more Base Transceiver Stations (BTSs) and one or more

traffic monitoring units.

[6664] According fo another embodiment of the present invention, a system for dynamically
routing signals in a Distributed Antenna System is provided. The system includes a plurality of
Digital Access Units (BAUs). The plurality of DAUs are coupled and operable to route signals
between the plurality of DAUs. The system alsc includes a plurality of Digital Remote Units
(DRUs) coupled to the plurality of DAUs and operable to transport signals between DRUSs and
DAUs and a plurality of Base Transceiver Stations (BTS). The system further includes a
plurality of traffic monitoring modules and a network optimization goal and optimization

algorithm.

{8065  In an embodiment, a system for dynamically routing signals in a Distributed Antenna
System is provided and includes a plurality of Digital Access Units (DAUs). The plurality of
DAUs are coupled and operable to route signals between the plurality of DAUs. The system also
includes a plurality of Digital Remote Units (DRUs) coupled to the plurality of DAUs and
operable to transport signals between DRUs and DAUs and one or more Base Transceiver

Stations (BTSs). The system further includes a traffic monitoring unit.

j6686] Numerous benefits are achieved by way of the present invention over conventional
techniques. For example, embodiments of the present inveuntion provide for traffic monitoring in
a DAS network, improving network performance and user experience. These and cther
embodiments of the invention along with mauny of its advaotages and features are described in

more detail in conjunction with the text below and attached figures.

BRIEF DESCRIPTION OF THE DRAWINGS
18667} FIG. 1is ablock diagram according to one embodiment of the invention showing the

basic structure and an example of the transport routing, traffic monitoring and network
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optimization based on having a single 3 sector BTS with 3 DAUs and 7 DRUs daisy chained

together for each cell.

[6008] FIG. 2 is a block diagram according to one embodiment of the invention showing the
basic structure for a frequency reuse pattern of N=1 and an example of the transport routing,
traffic monitoring and network optimization based on having a single 3 sector BTS with 3 DAUSs

and 7 DRUs daisy chained together for each cell.

{00891 FIG. 3 is a block diagram according to one embodiment of the invention showing the
basic structure and an example of the transport routing, traffic monitoring and network
optimization based on having multiple 3 sector BTSs with 3 DAUSs and 7 BRUs daisy chained
together for each cell. In this embodiment, multiple three sector base stations are connected to a

daisy chained DAS network.

{0010] FIG. 4 1s a block diagram of a Bigital Access Unit (IDAU), which contains Physical
Nodes, a Local Router, and Port Traffic Monitoring capability according to an embodiment of

the present invention.

{8611} FIG. 5 is a block diagram of a Digital Remote Unit (BRU}, which contains Physical
Nodes, a Remote Router, and Port Traffic Monitoring capability according to an embodiment of

the present invention.

{96121 FIG. 6 depicts a typical topology where muliiple Local Routers are interconnected with
multiple Remote Routers along with Traftic monitoring and Network Optimization functionality

according to an ernbodiment of the present invention,

{8613} FIG. 7 depicts a typical topology where multiple Local Routers are interconnected with
multiple Remote Routers along with Traffic monitoring at each Picocell and Network

Optimization functionality according to an embodiment of the present invention.

{0014] FIG. 8 depicts a typical topology where multiple Local Routers are interconnected with
multipie Remote Routers along with Traftic monitoring at each Picocell and Network

Optimization functionality according to an embodiment of the present invention.

{8615} FIG. 9 is a simplified flowchart illustrating a method of optimizing the DAS network

according to an embodiment of the present invention.
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{0016] FIG. 10 is a simplified flowchart illustrating a method of calculating KPls and QoS for

a DAS network according to an embodiment of the present invention.

{8017} FIG. 11 is a sioplified flowchart illustrating an optimization algorithm according to an

embodiment of the present invention .

DETAILED DESCRIPTION OF THE INVENTION
{00181 To accommodate variations in wireless subscriber loading at wireless network antenna
locations at various times of day and for different days of the week, there are several candidate

conventional approaches.

[6619] One approach is to deploy many low-power high-capacity base stations throughout the
tacility. The quantity of base stations is determined based on the coverage of each base station
and the total space to be covered. Each of these base stations is provisioned with enough radio
resources, i.e., capacity and broadband data throughput to accommodate the maximum
subscriber loading which occurs during the course of the workday and work week. Although this
approach typically yields a high quality of service for wireless subscribers, the notable
disadvantage of this approach is that many of the base stations’ capacity is being wasted for a
large part of the time. Since a typical indoor wireless network deployment involves capital and
operational costs which are assessed on a per-subscriber basis for each base station, the typically

high total life cycle cost for a given enterprise facility is far from optimal.

[00206] A second candidate approach involves deployment of a DAS along with a centralized
group of base stations dedicated to the DAS. A conventional DAS deployment falls into one of
two categorigs. The first type of BAS is “fixed”, where the system configuration doesn’t change
based on time of day or other information about usage. The remote units associated with the
DAS are set up during the design process so that a particular block of base station radio
resources is thought to be encugh to serve each small group of DAS remote units. A notable
disadvantage of this approach is that most enterprises seem to undergo frequent re-arrangements
and re-organizations of various statf groups within the enterprise. Therefore, it’s highly likely
that the initial DAS setup will need to be changed from time to time, requiring deployment of
additional direct staff and contract resources with appropriate levels of expertise regarding

wireless networks.
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{00211 The second type of DAS is equipped with a type of network switch which allows the
location and quantity of DAS remote units associated with any particular centralized base station
to be changed manually. Although this approach would appear to support dynamic DAS
reconfiguration based on the needs of the enterprise or based on time of day, it frequently implies
that additional staff resources would need to be assigned to provide real-time management of the
network. Another issue s that it’s not always correct or best to make the same DAS remote unit
configuration changes back and forth on each day of the week at the same times of day.
Frequently it is difficult or impractical for an enterprise IT manager to monitor the subscriber
loading on each base station. And it is almost certain that the enterprise IT manager has no
practical way to determine the foading at a given time of day for each DAS remote unit; they can

only guess the percentage loading.

[0622]  Another major limitation of conventional DAS deployments is related to their
installation, commissioning and optimization process. Some challenging issues which must be
overcome include selecting remote unit antenna locations to ensure proper coverage while
minimizing dowunlink interference from outdoor macro cell sites, minimizing uplink interference
to outdoor macro cell sites, and ensuring proper intra-system handovers while indoors and while
moving from outdoors to indoors {and vice-versa). The process of performing such deployment
optimization is frequently characterized as trial-and-error. Therefore, the results may not be

consistent with a high quality of service.

[8623] Based on the conventional approaches described herein, it is apparent that a highly
efficient, easily deployed and dynamically reconfigurable wireless network is not achievable
with conventional systerms and capabilities. Embodiments of the present invention substantially
overcome the limitations of the conventional approach discussed above. The advanced system
architecture provided by embodiments of the present invention provides a high degree of
flexibility to manage, control, enhance and facilitate radio resource efficiency, usage and overall
performance of the distributed wireless network. This advanced system architecture enables
specialized applications and enhancements including, but not limited to, flexible simulcast,
automatic traffic load-balancing, network and radio resource optimization, network calibration,
autonomous/assisted commissioning, carrier pooling, automatic frequency selection, radio
frequency carrier placement, traffic monitoring, and/or traffic tagging. Embodiments of the

present invention can also serve multiple operators, multi-mode radios (reodulation-independent)

(¥
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and multiple frequency bands per operator to increase the efficiency and traffic capacity of the

operators” wireless networks.

[6024] Accordingly, embodiments of this architecture provide a capability for Flexible
Simulcast. With Flexible Simulcast, the amount of radio resources (such as RF carriers, LTE
Resource Blocks, CDMA codes or TDMA time slots) assigned to a particular DRU or group of
DRUs can be set via software conirol to meet desired capacity and throughput objectives or
wireless subscriber needs. Applications of the present invention are suitable to be employed
with distributed base stations, distributed antenna systems, disiributed repeaters, mobile
equipment and wireless terminals, portable wireless devices, and other wireless communication

systems such as microwave and satellite communications.

{80251  According to an embodiment of the present invention, a traffic monitoring unit s
provided as a component of one or more elements of the system, enabling measurement of the
network traffic in the network. A network optimization goal and optimization algorithm is also
provided so that based on traffic measurements, which is typically a function of the number of
users on the system, performance of the network is optimized using the goal and associated

algorithm.

[0026] As an examiple of traffic monitoring, the system could track the power of the down link
or the power of the uplink. Another example, would include some signal processing, including
examining certain control signals, for example, pilot signals sent by mobile devices. By locking
onto these control signals, the traffic monitor can obtain information on the number of users

using various components of the system.

{80271 A distributed antenna system (I2AS} provides an efficient means of utilization of base
station resources. The base station or base stations associated with a DAS can be locatedin a
central location and/or facility commonly known as a base station hotel. The DAS network
comprises one or more digital access units {DAUSs) that function as the interface between the
base stations and the digital remote units (DRUs). The BAUs can be collocated with the base
stations. The DRUs can be daisy chained together and/or placed in a star configuration and
provide coverage for a given geographical area. The DRUs are typically connected with the
PAUs by employing a high-speed optical fiber link. This approach facilitates transport of the RF
signals from the base stations to a remote location or area served by the DRUs. A typical base

station comprises 3 independent radio resources, commonly known as sectors. These 3 sectors

6
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are typically used to cover 3 separate geographical areas without creating co-channel interference

between users in the 3 distinct sectors.

[6028] Traffic monitoring in a DAS network is provided by embodiments of the present
invention, which has not been performed in conventional systems. As described herein, the
traffic monitoring unit can be implemented as a stand-alone unit in conjunction with one or more

system components, including BAUs, DRUs, a BTS, a BTS hotel, or the like.

100291 Once traffic resources are aggregated into eNodeB hotels, the discrete resources of a
single eNodeB are still allocated to a specific set of antennas associated with that eNodeB and
providing coverage 1o a specific geographic area. The traffic resources are fixed, i.e., only the
resources associated with a specific eNodeB can be allocated to the antennas associated with that
eNodeB. However, because the eNodeBs are collocated in an eNodeB hotel, the system can use
the aggregated traffic resources of the discrete eNodeBs as a single, pooled traffic resource that
can be allocated according to various algorithms. Assumptions are typically predicated on worst-
case traffic assets in all areas, network design is wasteful 99 percent of the time, inevitably
resulting in over- or under-provisioning of fixed resources. Traffic resources either go unused
(idle channels), or are under-provisioned and are insufficient to handle the offered traffic. Both
circumstances give rise to the same outcome: lost revenue and lost opportunity. When a site’s
traffic resources are idle and unused, the traffic asset fails to provide an optimal return on
investment. But a site that lacks sufficient capacity to support the offered traffic at any point
during the day gamers dropped calls, fost revenue opportunity, and dissatisfied customers. The
traffic information derived from an extensive sensor network will be used to dynamically
allocate the traffic resources to the required geographical areas only for the time period the
service is needed. Once the service is supplied and the traffic sensor network determines that the
traffic resources are no longer required, they are returned to the resource pool for reallocation.
The entire network automatically reconfigures itself based on the perceived (sensed) need or in
the event of disruption due to natural or manmade events. Geographic load balancing using DAS
is recognized as a new approach for traffic load balancing which provides dynamic load
redistribution in real time according to the current geographic traffic conditions. It can be used to
improve the performance for any distributed systems containing non-uniformly distributed

traffic, especially for resolving traftic hot spots.
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{00301 The network’s performance {expressed by the number of KPls (Key Performance
Indicators) from different parts of the network) determines the QoS values. Different operators
may have different defined business goals and different services of interest. Based on these
considerations, efficient and cost effective network performance management varies from

operator to operator. Therefore, Qo8 metrica could be defined and mapped to a set of KPIs.

{00311 An embodiment shown in FIG. 1 illustrates a basic DAS network architecture
according to an embodiment of the present invention and provides an example of a data transport
network, traffic monitoring and network optimization scenario between a 3 sector Base Station
and multiple DRUs. In this embodiment, the DRUs are daisy chained together to achieve
coverage in a specific geographical area. Each individual sector covers an independent
geographical area, which is identified as a Cell. Although embodiments are discussed in terms
of optimization of DAS networks, the term optimization is properly undersiood to include
performance improvements in comparison to conventional systems, even if complete
optimization is not achieved. Thus, optimization does not require the maximum values for traffic
management metrics, but also includes distribution of traffic that improves system performance

while remaining short of maximum performance.

[0032] FIG. 1 depicts a DAS system employing multiple Digital Remote Units (DRUs) and
multiple Digital Access Units (DAUs). In accordance with the present invention, each DRU
provides unigue information associated with each DRU which uniquely identifies uplink data

received by that particular Digital Remote Unit.

{88331 One feature of embodiments of the present invention is the ability to route Base Station
radio resources among the DRUSs or group(s) of DRUs. In order to route radio resources

available from one or more Base Stations, it is desirable to configure the individual router tables
of the DAUs and DRUs in the DAS network. This functionality is provided by embodiments of

the present invention,

{0034} The DAUs are networked together to facilitate the routing of DRU signals among
multiple DAUs. The DAUs support the transport of the RF downlink and RF uplink signals
between the Base Station and the DRUs. This architecture enables the various Base Station
signals to be transported to and from multiple DRUs. PEER ports are used for interconneacting

DAUs and interconnecting DRUs.
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{00351 The DAUs have the capability to control the gain (in small increments over a wide
range) of the downlink and uplink signals that are transported between the DAU and the base
station {or base stations) connected o that DAU. This capability provides flexibility to
simultaneocusly condrol the uplink and downlink connectivity of the path between a particular

DRU (or a group of DRUs via the associated DAU or DAUs) and a particular base station sector.

[0036] Embodiments of the present invention use router tables to configure the networked
DAUs. The local router tables establish the mapping of the inputs to the various outputs.
Internal Merge blocks are utilized for the Downlink Tables when the inputs from an Hxternal
Port and a PEER Port need to merge into the same data stream. Similarly, Merge blocks are
used in the Uplink Tables when the inputs from the LAN Ports and PEER Poris need to merge

into the same data stream.

1600371 The remote router tables establish the mapping of the inputs to the various cutputs.
Internal Merge blocks are utilized for the Downlink Tables wheun the inputs from a LAN Port and
a PEER Port need to merge into the same data stream. Similarly, Merge blocks are used in the
Uplink Tables when the inputs from the External Ports and PEER Ports need to merge into the

same data stream.

[0038] Asshown in FIG. 1, the individual base station sector’s radio resources are transporied
to a daisy-chained network of DRUs. Each individual sector’s radio resources provide coverage
to an independent geographical area via the networked DRUs. FIG. 1 demonstrates how three
cells, each cell comprising an independent network of 7 DRUs, provide coverage to a given
geographical area. A server is utilized to controf the switching function provided in the DAS
network. Referring to FIG. 1 and by way of example, DAU 1 (102) receives downlink signals
from BTS Sector 1 (101). DAU 1 translates the RF signals to optical signals and the optical fiber
cable 103 transports the desired signais to DRU 2 (104). Optical cable 105 transports all the
optical signals to DRU 3 (106). The other DRUs in the daisy chain are involved in passing the
optical signals onward to DRU 1 (107). DAU 1 (102) is networked with DAU 2 (108} to allow
the downlink signals from Sector 2 (109) and Sector 3 (110) to be transported to all the DRUs in
Cell 1. The systeny’s switching and routing functions enable the selection of which sectors’

signals are transmitted and received by each DRU.

[0039]  An embodiment illustrating a Traffic monitoring unit (121} at the DAUs 15 included to

track the traffic load at each DAU in the network. The traffic load associated with each DAU 1s
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collected and stored in the Network Optimization Unit {120). The optimization unit {120)
calculates the overall DAS network performance and determines the optimum reconfigured
network to improve or maximize performance. Utilizing the traffic monitoring unit 121 in
conjunction with the DAUSs provides for optimization of the DAS network through a traffic
monitoring unit external to the DAUs. Thus, embodiments of the present invention provide for
traffic monitoring in a DAS network. Optimization of the DAS network can then be performed

using information related to the traffic monitoring.

{80646} Referring to FIG. 1, the traffic monitor unit 121 can be a server determining the number
of users on each DAU, with each DAU having multiple ports in some embodiments. Data from
the traffic monitor unit 121 is then provided to the network optimization unit 120, which can be
the same server including the traffic monitor unit or a different server. The network optimization
unit 120 (which can be software running on a server) can model the rebalancing of the traffic
load and, after determining that the performance will be acceptable, implements the load
rebalancing by communicating with the DAUs and shifting traffic between sectors. Although the
network optimization unit 120 is tHustrated as coupled to the BAUs in FIG. 1, this is not required
by embodiments of the present invention and the network optimization could be performed at
one of the DRUs, with data regarding network optimization being transmitted back to the DAUs
using, for example, using an Hthernet backhaul connecting the DRUs to the DAUSs. Thus, the
network optimization server could be located at one of the DRUs, controlling the entire network
from that location. One of ordinary skill in the art would recognize many variations,

maodifications, and alternatives.

[6041] The network optimization unit can implement a network optimization goal, which may
relate to the number of users per sector, for example, that each sector carry a percentage of traffic
less than 50% of the total traffic, less than 40% of the total traffic, or less than 35% of the total
traffic, that each sector have less than 50% of the users, iess than 40°% of the users, less than 35%
of the users, or that each sector have 33% of the users, or the like. Thus, the optimization goals
can include metrics of the system performance. Although the system may not reach the goals,

progress toward the goals can be provided, improving the user experience.

{0042} FIG. 2 shows an embodiment illustrating how a single base station can be used to

provide coverage for a larger geographical area when a frequency reuse pattern of N=1 is used.
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Referring to FIG. 2, cell 1 and cell 8 would share the radio resources of sector 1 of the base

station. Similarly, cell 2 and cell 10 would share the radio resources of sector 2.

[6643] The DAUs control the routing of data between the base station and the DRUs. Each
individual data packet is provided with a header that uniquely identifies which DR it is
associated with. The DAUs are interconnected to allow transport of data among multiple DAUs.
This feature provides the unique flexibility in the DAS network to route signals between the
sectors and the individual DRUs. A server is utilized to control the switching function provided
in the DAS network. Referring to FIG. 2, and by way of example, BAU 1 (202) receives
downlink signals from BTS 1 Sector 1 (201). DAU 1 translates the RF signals to optical signals
and the optical fiber cable 203 transports the desived signals to DRU 2 (204). Optical cable 205
transports all the optical signals to DRU 3 (206). The other DRUs in the daisy chain are
involved in passing the optical signals onward to DRU 1 (207). DAU 1 (202) is networked with
BAU 2 (208} 1o allow the downlink signals from Sector 2 and Sector 3 to be transported to all
the DRUs in Cell 1. Optical fiber cable 209 transports the desired signals to DRU 23 (210).
Optical cable 211 transports all the optical signals to DRU 24 (212). The other DRUs in the
daisy chain are involved in passing the optical signals onward to DRU 22 (213). An embodiment
illustrating a Traffic monitoring unit {221) at the DAUs is included to track the tratfic load at
each DAU in the network. The traffic load associated with each DAU is collected and stored in
the Network Optimization Unit (220). The optimization unit (220) calculates the overall DAS
network performance and determines the optimum reconfigured network to maximize
performance.

{8044} FIG. 3 shows an emnbodiment illustrating an application employing a base station hotel
represent independent wireless network operators and/or multiple standards (WCDMA, LTE,
etc.) or they may represent provision of additional RF carriers. The base station signals may be
combined before they are connected to a DAU, as may be the case for a Neutral Host
application. Referring to FIG. 3 and by way of example, DAU 1 (302) receives downlink signals
from BTS Sector 1 (3013, DAU 1 translates the RF signals to optical signals and the optical fiber
cable 303 transports the desired signals to DRU 2 (304). Optical cable 305 transports all the
optical signals to DRU 3 (306). The other DRUSs in the daisy chain are involved in passing the
optical signals onward to DRU 1 (307). DAU 1 (302) i3 networked with DAU 2 (308) to allow
the downlink signals from BTS 1 Sector 2 to be transported to all the DRUs in Cell 1. DAU 1

1
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(302} receives downlink signals from BTS Sector N {(309). DAU 1 translates the RF signals to
optical signals and the optical fiber cable 303 transports the desired signals to DRU 2 (304).
Optical cable 305 transports all the optical signals to DRU 3 (306). The other DRUs in the daisy
chain are involved in passing the optical signals onward to DRU 1 (307}, The additional base

stations provide the capability to add capacity for Cell 1.

{00451 In order to efficiently utilize the limited base station resources, the network of DRUs
should have the capability of re-directing their individual uplink and downlink signals to and
from any of the BTS sectors. Because the DRUs data traffic has unique streams, the DAU
Router has the mechanism to route the signal to different sectors. An embodiment illustrating a
Traffic monitoring unit (321) at the DAUs is included to track the traffic load at each DAU in the
network. The traffic load associated with each DAU is collected and stored in the Network
Optimization Unit (320). The optirnization unit (320} calculates the overall DAS network

performance and determines the optimum reconfigured network to maximize performance.

[0046] FIG. 4 shows the two primary elements in a DAU, the Physical Nodes (400) and the
Local Router (401). The Physical Nodes transtate the RF signals to baseband for the Downlink
and from baseband to RF for the Uplink. The Local Router directs the traffic between the
various LAN Ports, PEER Ports and the External Ports. The physical nodes connect to the BTS
at radio frequencies (RF). The physical nodes can be used for different operators, different
frequency bands, different channels, or the like. The physical nodes can combine the downlink
and uplink signals via a duplexer or they can keep them separate, as would be the case for a
simplex configuration. In one embodiment, Traffic monitoring (416) capability is provided in
each DAU for determining the traffic load at each of the DAU ports. In this embodiment, the
traffic monitoring function is performed in each DAU in comparison with other implementations

in which the tratfic monitoring is performed externally.

{6647} FIG. 4 shows an embodiment whereby the physical nodes have separate outputs for the
uplinks {405) and separate inputs for the downlink paths (404). The physical node translates the
signals from RF to baseband for the downlink path and from baseband to RF for the uplink path.
The physical nodes are connected to a Local Router via external ports (409,410)). The router
directs the uplink data stream from the LAN and PEER ports to the selected External U ports.
Similarly, the router directs the downlink data stream from the External D ports to the selected

L AN and PEER ports.
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{00481 In one embodiment, the LAN and PEER ports are connected via an optical fiberto a
network of DAUs and DRUs. The network connection can also use copper interconnections
such as CAT S or 6 cabling, or other suitable interconnection equipment. The BAU is also
connected to the internet network using P {(406). An Ethernet connection (408) is also used to
communicate between the Host Unit and the DAU. The DRU can also connect directly to the

Remote Operational Control center (407} via the Ethernet port.

[0049] FIG. 5 shows the two primary elements in a DRU, the Physical Nodes (501) and the
Remote Router (500). The DRU includes both a Remote Router and Physical Nodes. The
Remote Router directs the traffic between the EAN ports, External Ports and PEER Ports. The
physical nodes connect to the BTS at radio frequencies (RF). The physical nodes can be used for
different operators, different frequency bands, different channels, etc. FIG. 5 shows an
embodiment whereby the physical nodes have separate inputs for the uplinks (504) and separate
outputs for the downlink paths (503). The physical node transtates the signals from RF to
baseband for the uplink path and from baseband to RF for the downlink path. The physical
nodes are connected to a Remote Router via external poris (506,507}, The router directs the
downlink data stream from the LAN and PEER ports to the selected External D ports. Simtlady,
the router directs the uplink data stream from the External U ports to the selected LAN and
PEER ports. The DRU alse contains a Ethernet Switch {505} so that a remote computer or

wireless access points can connect to the internet.

[8650] In one embodiment, the traffic monitoring (516) capability is provided in each DRU for
determining the traffic load at each of the DRU ports. In this embodiment, the traffic monitoring
function is performed in each DRU 1n comparison with other implementations in which the

traffic monitoring is performed externally.

[0651] As shown in FIG. 6, the base station hotel {610} is comprised of multiple Picocells.
The Picocells are typically wireless operator dependent and frequency band dependent. Picocells
that operate in the same frequency band are combined at RF and input to the respective DAUs.
The DAU radio resources from the combined Picocells are transported to a daisy-chained
network of DRUs. Each individual DAUS radic rescurces provide coverage to an independent
geographical area via the networked DRUs. FIG. 6 demonstrates how multiple DAUS, each cell

comprising an independent network of 7 DRUs, provide coverage to a given geographical area.
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In one embodiment, the traffic monitoring functionality is located in an external Traffic

Monitoring Unit (621), which is connected to the network of DAUs.

[6652] As shown in FIG. 7, the base station hotel (710} is comprised of multiple Picocells. The
Picocells are typically wireless operator dependent and frequency band dependent. Picocells that
operate in the same frequency band are combined at RF and input to the respective DAUs. The
DAU radic resources from the combined Picocells are transported to a daisy-chained network of
DPRUs. Each individual DAUs radio resources provide coverage to an independent geographical
area via the networked DRUs. FIG. 7 demonstrates how multiple DAUs, each cell comprising
an independent network of 7 DRUs, provide coverage to a given geographical area. In one
embodiment, the traffic monitoring functionality is located in an external Traffic Monitoring
Unit (721}, which is connected to the Picocells. The BTS Hotel 710 includes a plurality of
Picocells that are coupled to tratfic roonitoring unit 720. The traffic information flows from the
Picocells to the traffic monitoring unit, which uses this traffic information to optimize the DAS
network. The traffic monitoring unit 820 works in conjunction with network optimization unit
721, which can include traffic management algorithrus used to distribute traffic efficiently

throughout the DAS network.

[0033] FIG. 8 shows an embodiment of a base station hotel (810}, which is comprised of

multiple picocells that are interconnected to a network of DAUSs via a digital interface (830},

[6634] FIG. 9 illustrates one embodiment of the DAS network optimization flow diagram. The
Key Performance Indicators (KPIs) of the network traffic are collected at the various network
nodes {910). KPI may comprise information such as: number of biocked calls, number of active
calls, average power of uplink channels, average power of downlink channels, traffic on each
sector, failed calls, number of satisfied users, number of unsatisfied users, number of users

operating through a given DRU, and the like.

{8685} The DAS network performance is then analyzed in the context of the available DAS
network radio resources (912). An optimization algorithm is applied to the existing DAS network
with the objective to determine the optimum routing of network traffic (914). Once an optimum
DAS network has been deterruined then an estimate of the reconfigured DAS network
performance is determined {(916). The reconfigured DAS network is evaluated prior to an
implementation to insure that the performance will be acceptable. If the reconfigured DAS

network has been determined to be acceptable then the reconfigured DAS network is
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implemented (918) and the entire process is repeated. In an embodiment, the load on the sectors
prior to reconfiguration and after the proposed reconfiguration can be compared to determine if

the shifting of the DRUs to the other sectors improves the system performance,

[0036] Thus, using the KPIs of the network traffic, the DAS network can be modified to
improve system performance. As an example, if a particular DRU has a higher load than other
adjacent DRUs, traffic can be routed to the adjacent DRUSs in order to reduce the load on the
particular DRU. Additional description related to load balancing s provided in U.S. Patent
Application No. 61/600,539, filed on February 17, 2012, entitled "Evolutionary Algorithms for
Geographic Load Balancing Using a Distributed Antenna System,” the disclosure of which is

hereby incorporated by reference in its entirety for all purposes.

{80571  As an example of optimizing network performance, a base station typically has three
sectors. The DRU can be allocated to different sectors in order to improve performance by
shifting traffic from a first sector {e.g., a high traffic sector) to a second sector (e.g., a low tratfic
sector} by shifting a DR allocated to the first sector to the second sector. Although some
embodiments of the present invention will not optimize performance of the system, the system
performance can be improved using the techniques described herein, for example, by measuring
the traffic load on the DRUs, performing load balancing of the tratfic on the DRUs, to reduce the
load on a first DRU characterized by a first traffic load by shifting the load to a second DRU
characterized by a second traffic load less than the first traffic load. In the optimization process,
system performance can be measured against a predetermined threshold, with the optimization
process terminating once the predetermined threshold has been reached. One of ordinary skill in

the art would recognize many variations, modifications, and alternatives.

[8058] As another example, power settings for the DRUs can be modified to improve system
performance as discussed in additional detail in U.8. Patent Application No. 61/669,572, filed on
July 9, 2012 and entitled, "A Self-Optimizing Distributed Antenna System Using Soft Frequency
Reuse,” the disclosure of which is hereby incorporated by reference in iis entirety for all

pUrposes.

[6639] FIG. 10 illustrates one embodiment of the DAS network calculation of the KPIs and
QoS. The important parameters for determining the DAS network QoS8 include the number of
users allocated to a givenn DRU, the spatial distance between the various DRUs, as well as

identifying which DRUs are assigned to which BTS sector.
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{00601 FIG. 11 iHustrates one embodiment of the flow chart for the optimization algorithm. In
this embodiment an Estimation Distribution Algorithm (EDA) is used. Various DRU allocation
scenarios are investigated to determine the optimum DRU scenario that achieves the highest
(3oS. In an embodiment, the initial population is generated (1110). The traffic information
(KPIs) is analyzed and traffic performance (Qo8) for all sectorization is analyzed (1112). A sort
procedure is performed {1114) and a determination is made if the convergence criterion are
satisfied (1116). If so, the process is terminated. If not, then the generation counter is updated
{(1118), a sort operation is performed {1120}, the parameter I is computed (1122} and a new
population is generated (1124). Then the method proceeds to the traffic information and
performance analysis (1112).
[6061] Network Optimization
18662} The network’s performance {(expressed by the number of KPIs from different parts of
the network} determines the QoS values. Different operators may have ditferent defined business
goals and different services of interest. Based on these considerations, efficient and cost effective
network performance management varies from operator to operator. Therefore, QoS metrics
could be defined and mapped to a set of KPIs. Wheu a set of KPIs is used, then the mapping
needs to be represented by a weighted normalized function,
{0063} In this section we formulate the sectorization problem with mixed integer programming
to balance traffic among sectors and to minimize handoffs with connected and compact sectors.
Given the sectorization of DRUSs at time period 7, our problem is to obtain new sectorization at
time period #+/ that adaptively balances the change in traffic demands.
[0064] In order to formulate the problem, we consider a service coverage area with N DRUs.
‘ach DRU is assumed to have traffic demand 7) i =1,..., N . Note that, UEa belongs to DRU , if
the received uplink power from UEa at DRU, is greater than the other DRUs . Let p_ be the
transition probability of mobiles from DRU, to DRU .. Then, the handoff calls from DRU to
DRU becomes, = p, 7). The distance between DRU, and DRU s inversely proportional to p, .
Assume that an eNodeB hotel has M VBSs. Let SOS  and S0OD, be the set of sectors in VBS
and the set of DRUSs allocated to Sector, , respectively, such that %SOS’”Z; =3 (if each eNodeB/VBS

has three sectors), m=1/, .., M and &=1,.., K. We consider the following three cost factors

(KPIs) in the sectorization problem:
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100651 KPIsc (Inverse of the number of Blocked Calls) : The penalty of the blocked calls

caused by hard capacity and soft capacity. Let HC and SC, be the hard capacity of VRS and

soft capacity of Secror, respectively such that HC, = > 8C, . The binary variablex, =1, when
*eSOS,,

DRU belongs to Sector, .y, = » x,.then y =1 when DRU, belongsto VBS, .

keS0S,,

Z Tx,—8SC, otherwise

he, = Z iy, —HC = 21 2 X, = }: SC,

i keSOS, eS0S,,

= Y Y, -SC,

£eSOS,, i

R

k=SO85,
Since a penalty occurs only when the calls are blocked, we apply just sc, to the objective function,
because the Ac, is a function of se, and there is no need to add it as another term to the objective
function. se, is a nonnegative real variable. So,

-1

KPi .= sc (2)

| k=505,

j0066] KPlno (Inverse of the number of Handoffs): we consider three different types of

Handoffs :

[6667] A, Inter-eNode#l Handoff: When user equipment (UE) with an ongoing call moves
from one VBS to another VBS, then the UE needs an inter-eNodeB handoff. Inter-eNodeB
handoft is executed using the X2 interface (as fong as the UE does not ieave the LTE coverage
area) or 81 interface (when the UE leaves the serving cell). The X2 handoff includes establishing
a sigunaling connection using the X2 Application Part (X2AP) from the source to the target
eNodeB. The target eNodeB updates the MME {(Mobility Management Entity) with the new
geographic position of the UE. To enable this procedure, the MME needs to communicate with
S8-GW (Serving Gateway) to negotiate the new endpoint. During the 81 handoft, the MME
receives the relocation preparation request of the source eNodeB, it starts the handoff resource
allocation procedure to request the necessary radio resource from the target elNodeB. After the

17

Page 45 CommScope Exhibit 1002



Page 46

target eNodeB sends the required radio interface parameters embedded in a handoff command

message; the MME forwards this handoff command message transparently to the UE, which

o

[0068] Let the binary variablez,, = 1, when DRU and DRU belong toVBS, . Then the inter-

eNodeB handoff cost is computed by using the variable z, =1-> "z, the cost becomes

i
22y

iy

[0069] Note that inter-eNodeB handoff occurs when DRU, and DRU  belong to different VBS,

B. Intra-eNodeB Handoff: When a UE with an ongoing call moves from one sector to
another in a VBS, then the mobile needs an intra-eNodeB handoff. This procedure doesn’t need
to involve MME or S-GW because it can be handled entirely within that VBS. Now by letting

the binary variable w = 1 when DRU and DRU belong to sector k, the intra-eNodeB handoff

cost is computed by using two variables w, —z wherew, =1->"w, , the cost becomes

k

ik
g S ho(w, —z,).
i

[0671]  Auvintra-eNodeB handoff occurs when DRU, and DRU  belong to ditferent sectors of
the same VBS.

{80721 O Forced Handoff: When a DRU changes its sector, all ongoing calls in the cell have
to change their pilot PN offsets for WCDMA. The cost of forced handoff is computed by
employing the current sectorization g, , which is equal to zero when DRU, isin Secior, . Since

the cost occurs when DRU/ currently in another sector moves into Sector, , the cost becomes
E Z a/k!.f'xik -

ik
[0673] The weighted combination of these three handoff cost would be:

_____ N )
ali/'cjixik E (5)

K .

18
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100741 KPlo (Inverse of the Compactness Index): we will try to minimize the length of
handoff border with the compactness index (7 which is introduced in Section ILB . In Equation
{(4) the numerator term represents the number of handoff DRU sides between two different

sectors.

-1
[ ]_, E w, B,
KPI =|CI =i
oF
iv‘
225
i< (4)
Where B =1, 1f DRU, and DRU , are adjacent.

Now we consider the following constraints required in the formulation:

1. each DRU has to belong to a sector, that is,
>ox, =1 for all 7 (5)
2. The relationship between any two DRUs in a Sector, has to satisfy w_ =1 if and only if

x, =x, =1. Thus we have:

1%

W

Xy Wy Sxand w23, +x, —1 forall/jand £ (6)

[6675] The relationship between two DRUs ina VBS, . 7z, =1 ifand only if

v,, = v, =1 which leads to:

AT VimoZ

sim

Sygandz, >y +y 1 forallijandk (7

ijm
3. Connected sectorization, if a sector has more than one DRU, then the BRUs of the sector have

to be connected. For the formulation of connected sectors we employ the cut theorem [26] on SO,
It Secror, is connected, then any cut that separates cells in SOD, has at least one common side of the

hexagonal cells. Let S1, be a proper subset of SOD,_ | thatis, 81, < SOD,_, 81, # ¢, and 51, # SOD, .

k2
Alsolet S2, be the opposite setof 81, , thatis, §2, = SOD, — §1, . Because two subsets are connected,
there exists at least one common side of the DRUs separated by the subsets. Thus we have

DI ®

€51, jeS2,

{8676} Now, our QoS function is the weighted combination of three KPIs (cost factors) which
we have already introduced. Obviously our objective function is to maximize the QoS function,
They are penalties of blocked calls by hard and soft capacities and handoff calls. The DRU
sectorization can be formulated as the following mixed integer linear programming.

19
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Ainimize

- i SR -1, s -1 L, -1 3
QoS =w KPPl +w, KPI,~ +w, KFI, (9)
Subject fo:
— 7 ;
Xx',h,, =1 for all i
ic
Wy S X, W, Sxandw, 2x, +x, -0 forall i, jand k
w,o=1- 3w for ol i, j
LWyt 5
x
V= 2 Xy Jorall m
keSOS,,
” < - < 2207 S oy Yy £ " ’
Zim S Yoo Zg SV d 2, 2y, + Y, -] Jor all i, jand m
z,=1-> 7z, Jor all i, j
k
S Y B 21
st o

Sk, jeS2,

Jor all 81, < SOD, where $1, #¢ and 51+ SOD, and 82, =50D 51,

hy=p,1 Jor all i and j
he,, = ZZ Vo —HC, Jor all m
J”G if > Ik, <SC,
s¢, = ‘ for all k

SC, = . ~
IZ Tx, -8C, otherwise
i
. 3 = ¢ e cli 7o y P
X Wer 2y By € 10,1 Jor all i, j.k and m

[0077} Note that many grouping problems which are special cases of the sectorization problem
are well-known NP-hard problems. Since our problem 13 NP hard, the time it takes to execute the
algorithm is exponentially increasing with the size of the problem. Such an algorithm is thus in
most cases unusable for real-world size problem. As an encouraging result on NP-hard problems,
we investigate evolutionary algorithms to solve the sectorization problem and compare the

performance with the solutions obtained by the mixed integer programming.
{0078} Estimation distribution algorithm (EDA)

{86791  Unlike other evolutionary algorithms, in EDA a new population of individuals in each
generation is generated without crossover and mutation operators. Instead, in EDA a new
population is generated based on a probability distribution, which is estimated from the best
selected individuals of previous generation. We introduce each main-vector as an individual for
our EDA approach, and also our fitness function is objective function that we mentioned it in

section HE In general, conventional EDDAs can be characterized by parameters and notations:

20

CommScope Exhibit 1002



(s, F A prps i, Tror) (1

where

)] /s is the space of all potential solutions (entire search space of individuals).

23 F denotes a fitness function.

3 Asis the set of individuals (population) at the /u generation,

4) 12 is the set of best candidate solutions selected from set Ay at the /n generation.

5 We denote 1= Ar—n= AN 5 .where 15 is the complement of 7.
]

6) ps is the selection probability. The EDA algorithm selects piAd individuals from set As to make
up set 7.
7 We denote by I the distribution estimated from sy {the set of selected candidate solutions) at

each generation.

8} 172 are the maximum number of generation

In conventional EDAs, each individual is designated by a string. A typical EDA is described in the
following steps:

Step 6: Generate initial population As. The initial population ([A¢| individuals) is typically obtained by

sampling according the uniform (equally likely) distribution:

n

(6.0,L.6,)=T1p ).

i=}

. ; . 1
i=12..n asd p (0 =5)=p 0 =S)=.=p 0= ‘(}[SOSMEM) i

> 1s0s,

n=1

(12)

For generation 1 = 1,2, ..., follow steps 1 through 6
Step I: Evaluate the individuals in the current population A, according to the fitness function . Sort
the candidate solutions (individuals in the current population) according to their fitness orders.
Step 2: It the best candidate solution satisfies the convergence criterion or the number of generation
exceeds its limit 7, , then terminate; else go to step 3.
Step 3: Select the best p.A,, candidate solutions {individuals) from current population Ay This
selection is accomplished according to the sorted candidate solutions.
Step 4: Estimate the probability distribution p{4,.6,.1. ,9,) onthe basis of j1i.1| best candidate solutions.
We denote this estimation by

=P,6,.L .0 1n.) (13)
Step 3: Generate new |Ar] —nit] individuals on the basis of this new estimated probability distribution

I' . Replace the bad i) individuals with newly generated [Awm| —|np1| individuals.

21
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Step 6: Go to step 1 and repeat the steps
We followed the steps of the above pseudo code for our EDA implementation. In our
experimeniation, for estimation {13}, we used a simpie scheme of estimating the marginal distributions

separately and using product form

=p6.9,.L .6, 1n.) :H J RG]
i1

[T (s 6 1)) (14)

T

i |
il 1, .4
il | 71

\ J

Where ¢ is an indicator function and it can be expressed as

(1 i =0
d . i 1f X, = [
5}(3{5 :::(95‘-7:"/,1\}’:% : 7

. 5
{0 otherwise (1%
{00801 It is also understood that the examples and embodiments described herein are for
itlustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of this

application and scope of the appended claims.

{00811  Appendix 1is a glossary of terms used herein, including acronyms.
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APPENDIX 1

Glossary of Terms

ACLR
ACPR
ADC
AQDM
AQM
AQDMC
AQMC
BPF
CDMA
CFR
DAC
DET
DHMPA
DbC
DNC
DPA
DGDM
DOM
DSP
DU
EER

EF

ET
EVM
FFLPA
FIR
FPGA
GSM
I-Q

IF
LINC
LG
LPF
MCPA
MDPS
OFDM
BA
PAPR
PD
PLL
GAM
QPSK
RF
RRH

Adjacent Channel Leakage Ratio
Adjacent Channel Power Ratio

Aunalog to Digital Converter

Analog Quadrature Demodulator
Analog Quadrature Modulator

Analog Quadrature Demodulator Corrector
Analog Quadrature Modulator Corrector
Bandpass Filter

Code Division Multiple Access

Crest Factor Reduction

Digital to Analog Converter

Detector

Digital Hybrid Mode Power Amplifier
Digital Down Converter

Down Converter

Doherty Power Amplifier

Digital Quadrature Demodulator

Pigital Quadrature Modulator

Digital Signal Processing

Digital Up Converter

Envelope Elimination and Restoration
Envelope Following

Envelope Tracking

Error Vector Magnitude

Feedforward Linear Power Amplifier
Finite Impulse Response
Field-Programmable Gate Array

Global System for Mobile communications
In-phase / Quadrature

Intermediate Frequency

Linear Amplification using Nonlinear Components
Local Oscillator

Low Pass Filter

Muiti-Carrier Power Amplifier
Muiti-Directional Search

Orthogonal Frequency Division Multiplexing
Power Amplifier

Peak-to-Average Power Ratio

Digital Baseband Predistortion

Phase Locked Loop

Quadrature Amplitude Modulation
Quadrature Phase Shift Keying

Radio Frequency

Remote Radio Head

3
)
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RRU
SAW
UMTS
UpC
WCDMA
WLAN

Remote Radio Head Unit

Surface Acoustic Wave Filter

Universal Mobile Telecommunications System
Up Converter

Wideband Code Division Multiple Access
Wireless L.ocal Area Network
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Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice".
https://sportal.uspto.gov/authenticate/AuthenticateUserl ocalEPF.html
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 11/07/2019

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/661,368

Projected Publication Date: To Be Determined - pending completion of Missing Parts
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM
Preliminary Class

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
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technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 16/661,368
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FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 75 N/A
SEARCH FEE
(27 CFR 1.16(K). i, or () N/A N/A N/A 330 N/A
EXAMINATION FEE
(37 CFR1.16(0), (B}, or (2) N/A N/A N/A 380 N/A
TOTAL CLAIMS .
(37 CFR 1.16()) 1 minus 20= x 50 - 0.00 OR
INDEPENDENT CLAIMS *
(37 CFR 1.16(h)) 1 minus 3 = x 230 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
y
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0” in column 2. TOTAL 785 TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
| Total g i w -
=S (37 CF(:H 16(7)) Minus x = OR =
) Independent * Minus | *** =
5 (37 CFR 1.16(h) X = OR -
<§: Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
LU Total * Minus | ** = =
= (37 CF?H.IB(H) X OR -
% Independent * Minus | *** = M _ OR -
w (37 CFR 1.16(h)) = =
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

in Re the Application of. Shawn Patrick Stapleton i Group Art Unit:

7

Application No.:  16/661,368 § Examiner:
Filed: October 23, 2019 ; Confirmation No.: 6065
Atty. File No.: 10333-41-CON i

For. OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313

RESPONSE TO NOTICE TO FILE MISSING PARTS
OF NONPROVISIONAL APPLICATION

Dear Commissioner:

The Notice to File Missing Parts of Nonprovisional Application dated November 13,

2019, required Applicant to satisfy the following fees which are submitted herewith:

Filing Fee $75.00

Search fee $330.00

Examination fee $380.00

Surcharge Set forthin 37 C.FR. L16(H) $80.00

Total Fees $865.60
1
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Applicants believe no further fees or petitions are required. However, if any such
petitions or fees are necessary, please consider this a request therefore and authorization to
charge Deposit Account No. 19-1970 accordingly. Any deficiency or overpayment may also be
applied to Deposit Account No. 19-1970.

Respectfully submitted,

SHERIDAN ROSS P.C.

By: __/Jason H. Vick/
Fason H. Vick
Registration No. 45,285
1560 Broadway, Suite 1200
Denver, Colorado 80202-5141
(303) 863-9700
Date:_February 4. 2020 fvick@shendanross.com
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PTO/AIA22 (D3-13)

Approved for use through 11/30/2020. ONMB 06851-0031

U.S. Patent and Trademark Office EPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1895, no persons are required to respond to g coliection of information unless it displays a valid OMB control number.

Docket Number {(Optionalh

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a} | 10333-41-CON

Application Number Filed

16/661,368 October 23, 2019
" OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM

Art Unit Examiner

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above-identified application.

The requested extension and fee are as follows {check time period desired and enier the appropriate fee below):

Fee Small Entity Fee Micro Entity Fee
[v] One month (37 CFR 1.17()(1)) $200 $400 $50 100
El Two months (37 CFR 1.47(2)(2) $60C $300 $150 $
D Three months (37 CFR 1.17(2)(3% $1.400 $700 $350 $
D Four months (37 CFR 1.17(ay(4)) $2,200 $1,100 $550 $
[] Five months (37 CFR 1.17(2)(5) $3,000 $1.500 5750 $

Applicant asserts small entity staius. See 37 CFR 1.27.

Applicant cerlifies micro entity status. See 37 CFR 1.20.
Form PTO/SB/15A or B or equivalent must either be enciosed or have been submitted previously.

A check in the amount of the fee is enclosed.

Payment by credit card. Form PTO-2038 is attached.

The Director has already been authorized to charge fees in this application to a Deposit Account,

RO L O

The Director is hereby authorized to charge any fees which may be reguired, or credit any overpayment, to
. 70
Deposit Account Number 1g-1870

Payment made via EFS-Web.

WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide
credit card information and authorization on PT0O-2038.

b am the

gj applicant.

B attorney or agent of record. Registration number 45’285

3 attorney or agent acting under 37 CFR 1.34. Registration number
fdason H. Vick/ February 4, 2020

Signatuie Date
Jason H. Vick 303-863-9700
Typed or printed name Telephone Number

NOTE: This forrn must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. Submit
muitiple forms if more than one signature is required, see below™.

71 *Totatof 1 forms are submitted.

of information is reguired by 37 CFR 1.138(a). The information is required to obtain or retain a benefit by the public, which is to file {and by the

ion. Confidentislity is governed by 35 U.£.C. 122 and 37 CFR 1.11 and 1.14. This colizction is estimated to take 8 minutes {o

e completed application form fo the USPTO. Time wili vary depending upon the individual case. Any
comments on the amount ot time you require to complete this form and/or suggestions for reducing this burden shouid be sent to the Chief information Officer,
U3, Patent and Trademark Office, U.3. Department of Commerce, P.O. Box 1459, Alexandria, VA 22313-1450. DO NGT SEND FEES OR COMPLETED FORMS
TO THIS ADDRESS. SEND TO: Mail Stop PCT, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-14560.
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PTO/AIA/GE (08-12)

Approved for use through 01/31/2013. OMB 0651-06031

iJ.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information uniess it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
DALI SYSTEMS CO. LTD.
Application No./Patent No.; 16/661,368 Filed/lssue Date; Jctober 23, 2019
Titled: OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM
DALI SYSTEMS CO. LTD. 2 Corporation

Applicant/Patent Owner:

{Name of Assignee} {Type of Assignee, e.g., corparation, partinership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is {choose gne of options 1, 2, 3 or 4 below):

1. The assignee of the entire right, title, and interest.

2. D An assignee of less than the entire right, title, and interest (check applicabie box):

L_J The extent {by percentage) of its ownership interestis ___%. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

E There are unspecified percentages of ownership. The other parties, inciuding inventors, who fogether own the entire
right, title and interest are:

Additional Statementi(s) by the owner(s} holding the balance of the interest must be submitied to account for the entire
right, title, and interest.

D The assignee of an undivided interest in the entirety {a complete assignment from one of the joint inveniors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Adgditional Statement{s} by the owner(s} holding the balance of the interest must be submitted to account for the entire
right, fitle, and interast.

4. D The recipient, via a court proceeding or the like (e.g., bankruptey, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document{s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose gng of options A or B below):

A, ‘ An assignment from the invenior(s) of the patent aophcatian/oatﬂnt dentlfed aoow The assignment was recorded in
the United States Patent and Trademark Office at Resl 95 _, or for which a copy
thereof is aftached.

B. [: A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at
Ree! , Frame , of for which a copy therecf is attached.

2. From: To:

The document was recorded in the United States Patent and Trademari Office at

Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]
ired by 37 CFR 3.73(b}). The information is required to obtain or refain a benefit b,l the pbb[lf‘ \m.oh
i Us.g 12z CFR 1.11 and 1.14. This collection is est ot
gatheri g, and submitting the completed ap) tion form tc USPTO. Time will vary depending upon individual case. Any comments an the amount
of time you require to complete this form and/or sugge: 18 for reducing this burden, should be sent to the Chief information Officer, U.S. Patent and Trademark
Office, U.8. Department of Commerce, P.0. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

is to file {and by the USPTO to
tes to complete, including

This collection of information .s requ
prO"ess} an app iality is governed by &

If yvou need assistance in completing the form, call 1-800-PT(0-9199 and select option 2.
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Un

PTO/AiA/QB 08 i r_J

ider the Paperwork Reduction Act of 1885, no persons are required to respond *o a ”olleb!ior o mforma-, ion unless it G!‘\Pid)S a valid CMB control number.

3. From:

4. From:

5. From:

&. From:

L]

[]

The undersigned {whose litle is supplied below) is authorized to act on behalf ¢of the assignes.

STATEMENT UNDER 37 CFR 3.73(¢c}

To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
To:

The document was recorded in the United States Patent and Trademark Office at

Resi . Frame . or for which a copy thereof is attached.

To:

The document was recorded in the United States Patent and Trademark Office at

Resl . Frame . or for which a copy thereof is attached.

To:
The document was recorded in the United States Patent and Trademark Office at

Reel , Frame . or for which a copy thereof is attached.

Additional documents in the chain of fitle are lisied on a supplemental sheet(s).

As required by 37 CFR 3.73(c){1)(i), the documentary evidence of the chain of title from the original owner {c the
assignee was, or concurrently is being, submittad for recordation pursuant to 37 CFR 3.11.

INOTE: A separate copy {i.e., a true copy of the original assignment document(s)) must be submittad to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

fJason H. Vick/ February 4, 2020
Signature Date

Jason H. Vick 45 285

Printed or Typed Name Title or Registration Number
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PTO/AIA/E0 (07-17)

Approved for use through 03/31/2024. OMB 0651-0038

LLS, Patent and Trademark Office; U.5. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1935, no person Is required to respond to a coliection of information unless it displays & valld OMS8 controi numbsar

{ POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO }

| hereby revoke all previous powers of attorney given in the application identified in the attached
statement under 37 CFR 3.73(c}.

i hereby appoint:
=1
E X E Practitioners associated with Customer Number: | 167137

OR
E E Practitioner(s) named below {Iif more than ten patent practitioners are to be named, then 2 customer number must be used):
Registration Ragistration
Name Mumber Name Number

As attornaey(s) or agent{s} tc represent the undersigned hefore the United States Patent and Trademark Office (USPTO) in connection with
any and ali patent applications assigned only to the undersigned according to the USPTO assignment records or assignment documents
attached to this form in accordance with 37 CFR 3.73{c).

Please change the correspondence address for the application identified in the attached statement
under 37 CFR 3.73{c) to:

b4 ; The address assoclated with Customer Number: 167 137
‘OR

3 g Firm or indlviduai name

Address

City State Zip

Country

Telephone ‘ Emall

Assignee name and address: Dali Systems Co, Led.
. No. 309 Ugland House, South Lhurch Street, George Town
Grand Cayman KY1-1104, Cayman Istands .
A copy of this form, together with a statement under 37 CFR 3,.73(c} {Form PTO/AIA/96 or equivalent) is reguired to be
filed in each application in which this form Is used, The statement under 37 CFR 3.73{c} may be completed by one of the
praciitioners appointed in this form, and must identify the application In which this Power of Altorney is to be filed.

SIGNATURE of Assignee of Record
The in@\;i £l w@;@}e signature and title Is supplied below s authorized to act on behalf of the assignee,
Signature \\ﬁ' Date: December 13,2019

Name  Albert Lee, Ph.D. : : Telephone
Title PFounder, Chairman and Chief Bxecutive Officer

Thiz collection of Information Is regulred by 37 CFR 1,81, 1,32, and 1.33, The Informatlon s required to obtaln or retain a beneflt by the public, whith is to update
{and by the USPTO to procass) the file of & patent or reexamination procseding, Confldentiality is govarnad by 35 US.C. 122 and 37 CFR 1.11 and 1.14. This
colfection Is estimated to teke 18 minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTQ, Time will vary
depending upon the individual case. &ny comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should
be sent to the Chisf Information Officer, U.5. Patent and Tradamark Office, U.S. Department of Commercs, P.O. Box 1450, Alexandris, VA 22313-1450, DO NOT
SEND FEES OR COMPLET-—D FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, £.0, Box 1450, Alexandria, VA 22313-1450,

If you need assistance in compieting the form, eail 3-800-PTQ-8189 und select option 2,
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Electronic Patent Application Fee Transmittal

Application Number: 16661368

Filing Date: 23-Oct-2019

Title of Invention: OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM
First Named Inventor/Applicant Name: Shawn Patrick Stapleton

Filer: Jason Vick/Joanne Vos

Attorney Docket Number: P282739.US.03 (DW-1039-1)

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Suz—;l'g(t;)l in
Basic Filing:
UTILITY FILING FEE (ELECTRONIC FILING) 4011 1 75 75
UTILITY SEARCH FEE 2111 1 330 330
UTILITY EXAMINATION FEE 2311 1 380 380
Pages:
Claims:
Miscellaneous-Filing:
LATE FILING FEE FOR OATH OR DECLARATION 2051 1 80 80

Petition:
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Description Fee Code Quantity Amount SuB—;’g(t;)l in
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Extension - 1 month with $0 paid 2251 1 100 100
Miscellaneous:
Total in USD ($) 965

Page 68 CommScope Exhibit 1002



Electronic Acknowledgement Receipt

EFS ID: 38490435
Application Number: 16661368
International Application Number:
Confirmation Number: 6065

Title of Invention:

OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM

First Named Inventor/Applicant Name:

Shawn Patrick Stapleton

Customer Number:

27076

Filer:

Jason Vick/Joanne Vos

Filer Authorized By:

Jason Vick

Attorney Docket Number:

P282739.US.03 (DW-1039-1)

Receipt Date: 04-FEB-2020
Filing Date: 23-0CT-2019
Time Stamp: 15:57:29

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type DA

Payment was successfully received in RAM $965

RAM confirmation Number E202024F57540359
Deposit Account 191970
Authorized User Joanne Vos

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
37 CFR 1.16 (National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Document supply fees)
37 CFR 1.21 (Miscellaneous fees and charges)
File Listing:
s . File Si Iti
Document Document Description File Name re Slze(B){tes)l Mu tl. _Pages
Number Message Digest | Part/.zip| (if appl.)
184538
1 Response_to_Cl;/]Icissing_Parts. yes 3
p aca329c3045424d5d0a3afd 1b4e8545f5319
e476
Multipart Description/PDF files in .zip description
Document Description Start End
Applicant Response to Pre-Exam Formalities Notice 1 2
Extension of Time 3 3
Warnings:
Information:
234896
Statement_Under_373c_w_PO
2 yes 3
A_10333-41-CON.pdf
e4db383e1b8ce1bb5022c698308207082b)|
57fd44
Multipart Description/PDF files in .zip description
Document Description Start End
Assignee showing of ownership per 37 CFR 3.73 1 2
Power of Attorney 3 3
Warnings:
Information:
39327
3 Fee Worksheet (SB06) fee-info.pdf no 2
26d10d16035a15f39106fc8800bef18ef5d0)
2eef
Warnings:
Information:
Total Files Size (in bytes):l 458761
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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2 UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/661,368 10/23/2019 Shawn Patrick Stapleton ~ P282739.US.03 (DW-1039-1)
CONFIRMATION NO. 6065
27076 POWER OF ATTORNEY NOTICE
DORSEY & WHITNEY LLP - SEATTLE
INTELLECTUAL PROPERTY DEPARTMENT O LA O A
COLUMBIA CENTER 000000T14515033

701 FIFTH AVENUE, SUITE 6100
SEATTLE, WA 98104-7043

Date Mailed: 02/07/2020

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 02/04/2020.

* The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence
will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

[yteferra/

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/661,368 10/23/2019 Shawn Patrick Stapleton ~ P282739.US.03 (DW-1039-1)
CONFIRMATION NO. 6065
167137 POA ACCEPTANCE LETTER
SHERIDAN ROSS PC
1560 Broadway R AT D A AL g
Suite 1200 000000 515058

Denver, CO 80202
Date Mailed: 02/07/2020

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 02/04/2020.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

[yteferra/
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION FILING or GRD ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
16/661,368 10/23/2019 865 P282739.US.03 (DW-1039-1) 1 1
CONFIRMATION NO. 6065
167137 UPDATED FILING RECEIPT
SHERIDAN ROSS PC
1560 Broadway ACKR IR R RO
Suite 1200

Denver, CO 80202
Date Mailed: 02/07/2020

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)

Shawn Patrick Stapleton, Burnaby, CANADA,;

Seyed Amin Hejazi, Burnaby, CANADA;
Applicant(s)

Dali Systems Co. Ltd., George Town, CAYMAN ISLANDS;
Assignment For Published Patent Application

Dali Systems Co. Ltd., George Town, CAYMAN ISLANDS

Power of Attorney: The patent practitioners associated with Customer Number 167137

Domestic Priority data as claimed by applicant
This application is a CON of 13/950,160 07/24/2013 PAT 10506454
which claims benefit of 61/678,016 07/31/2012

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes

page 1of 4
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 11/07/2019

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/661,368

Projected Publication Date: 05/14/2020
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM
Preliminary Class

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
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technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 16/661,368
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 75 N/A
SEARCH FEE
(27 CFR 1.16(K). i, or () N/A N/A N/A 330 N/A
EXAMINATION FEE
(37 CFR1.16(0), (B}, or (2) N/A N/A N/A 380 N/A
TOTAL CLAIMS .
(37 CFR 1.16()) 1 minus 20= x 50 - 0.00 OR
INDEPENDENT CLAIMS *
(37 CFR 1.16(h)) 1 minus 3 = x 230 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
y
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0” in column 2. TOTAL 785 TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
| Total g i w -
=S (37 CF(:H 16(7)) Minus x = OR =
) Independent * Minus | *** =
5 (37 CFR 1.16(h) X = OR -
<§: Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
LU Total * Minus | ** = =
= (37 CF?H.IB(H) X OR -
% Independent * Minus | *** = M _ OR -
w (37 CFR 1.16(h)) = =
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION FILING or GRD ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
16/661,368 10/23/2019 2646 865 P282739.US.03 (DW-1039-1) 1 1
CONFIRMATION NO. 6065
167137 CORRECTED FILING RECEIPT
SHERIDAN ROSS PC
1560 Broadway KB AR A B
Suite 1200

Denver, CO 80202
Date Mailed: 02/07/2020

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)

Shawn Patrick Stapleton, Burnaby, CANADA,;

Seyed Amin Hejazi, Burnaby, CANADA;
Applicant(s)

Dali Systems Co. Ltd., George Town, CAYMAN ISLANDS;
Assignment For Published Patent Application

Dali Systems Co. Ltd., George Town, CAYMAN ISLANDS

Power of Attorney: The patent practitioners associated with Customer Number 167137

Domestic Priority data as claimed by applicant
This application is a CON of 13/950,160 07/24/2013 PAT 10506454
which claims benefit of 61/678,016 07/31/2012

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 11/07/2019

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/661,368

Projected Publication Date: 05/14/2020
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM
Preliminary Class

455
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
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technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO.
16/661,368 10/23/2019 Shawn Patrick Stapleton 10333-41-CON 6065
167137 7590 02/13/2020 | EXAMINER
SHERIDAN ROSS PC
1560 Broadway SAMS, MATTHEW C
Suite 1200

Denver, CO 80202

| ART UNIT [ PparerNUMBER
2646
| ~orwicamionpate | DELIVERY MODE
02/13/2020 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

jvick@sheridanross.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

16/661,368 Stapleton et al.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
MATTHEW C SAMS 2646 No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 10/23/2019.
OJ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)(J This action is FINAL. 2b) ¥ This action is non-final.

3)(J An election was made by the applicant in response to a restriction requirement set forth during the interview
on ; the restriction requirement and election have been incorporated into this action.

4)J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1 is/are pending in the application.

5a) Of the above claim(s) ____is/are withdrawn from consideration.
6) (0 Claim(s) ___ is/are allowed.
7) Claim(s) 1 is/are rejected.
8) [ Claim(s) ____is/are objected to.
9) (O Claim(s) are subject to restriction and/or election requirement

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see

http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)O The specification is objected to by the Examiner.
11)@ The drawing(s) filed on 10/23/2019 is/are: a)¥ accepted or b)[J objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)(J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)d Al b)O Some**  ¢)(J None of the:
1.0 Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) Notice of References Cited (PTO-892) 3) (J Interview Summary (PTO-413)

Paper No(s)/Mail Date
4) [J Other: .

2) [ Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b)
Paper No(s)/Mail Date

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20200210
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Application/Control Number: 16/661,368 Page 2
Art Unit: 2646

DETAILED ACTION
Notice of Pre-AIA or AIA Status
1. The present application is being examined under the pre-AlA first to invent

provisions.

Drawings

2. The drawings filed on 10/23/2019 are accepted.

Double Patenting

3. The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a patent
and to prevent possible harassment by multiple assignees. A nonstatutory double
patenting rejection is appropriate where the conflicting claims are not identical, but at least
one examined application claim is not patentably distinct from the reference claim(s)
because the examined application claim is either anticipated by, or would have been
obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d
1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993);
In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 F.2d
937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA
1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)

may be used to overcome an actual or provisional rejection based on nonstatutory double
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Application/Control Number: 16/661,368 Page 3
Art Unit: 2646

patenting provided the reference application or patent either is shown to be commonly
owned with the examined application, or claims an invention made as a result of activities
undertaken within the scope of a joint research agreement. See MPEP § 717.02 for
applications subject to examination under the first inventor to file provisions of the AlA as
explained in MPEP § 2159. See MPEP §§ 706.02(1)(1) - 706.02(1)(3) for applications not
subject to examination under the first inventor to file provisions of the AIA. A terminal
disclaimer must be signed in compliance with 37 CFR 1.321(b).

The USPTO Internet website contains terminal disclaimer forms which may be
used. Please visit www.uspto.gov/patent/patents-forms. The filing date of the application
in which the form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26,
PTO/AIA/25, or PTO/AIA/26) should be used. A web-based eTerminal Disclaimer may be
filled out completely online using web-screens. An eTerminal Disclaimer that meets all
requirements is auto-processed and approved immediately upon submission. For more
information about eTerminal Disclaimers, refer to
www.uspto.gov/patents/process/file/efs/guidance/eTD-info-l.jsp.

4. Claim 1 is rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1 and 2 of U.S. Patent No. 10,506,454. Although the claims at
issue are not identical, they are not patentably distinct from each other because the

instant claim is broader in every instance over the patented claims 1 and 2.
Claim Rejections - 35 USC § 102

5. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:
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Application/Control Number: 16/661,368 Page 4
Art Unit: 2646

A person shall be entitled to a patent unless —

(e) the invention was described in (1) an application for patent, published under section
122(b), by another filed in the United States before the invention by the applicant for patent
or (2) a patent granted on an application for patent by another filed in the United States
before the invention by the applicant for patent, except that an international application filed
under the treaty defined in section 351(a) shall have the effects for purposes of this
subsection of an application filed in the United States only if the international application
designated the United States and was published under Article 21(2) of such treaty in the
English language.

6. Claim 1 is rejected under 35 U.S.C. 102(e) as being anticipated by Lee; Albert S.

et al. (US 2013/0128810 A1: hereinafter “Lee”).

Regard claim 1, Lee teaches a system for dynamically routing signals in a

Distributed Antenna System, the system comprising:

a plurality of Digital Access Units (DAUs) (Fig. 15 items 1505A-1505n, therefore
plurality of DAUs), wherein the plurality of DAUs are coupled and operable to route signals
between the plurality of DAUs (Fig. 15, 1505A-1505B, are connected, therefore coupled

and operable to route signals);

a plurality of Digital Remote Units (DRUs) (Fig. 15 items 1510A-1510m, therefore
plurality of DRUs) coupled to the plurality of DAUs and operable to transport signals
between DRUs and DAUs (Fig. 15, items 1510A-1510C) are connected, therefore

operable to transport signals);

a plurality of Base Transceiver Stations (BTS) (Fig. 15 items 1500A — 1500n,

therefore plurality of BTS);

a plurality of traffic monitoring modules (Fig. 14, item 1415 further explained in
[00685], ..., the NOC 1415 monitors, therefore traffic monitor attached to DAUSs, therefore

plurality of traffic monitors); and
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Application/Control Number: 16/661,368 Page 5
Art Unit: 2646

a network optimization goal and optimization algorithm. (in [0069] an algorithm
operating within the DAU Monitoring module, ..., therefore algorithm for the purpose of

optimization)

Conclusion
7. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to MATTHEW C SAMS whose telephone number is
(671)272-8099. The examiner can normally be reached on M-F 8:30-5 EST.

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request (AIR)
at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Lester Kincaid can be reached on (571)272-7922. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published
applications may be obtained from either Private PAIR or Public PAIR. Status information
for unpublished applications is available through Private PAIR only. For more information
about the PAIR system, see http:/pair-direct.uspto.gov. Should you have questions on
access to the Private PAIR system, contact the Electronic Business Center (EBC) at 866-

217-9197 (toll-free). If you would like assistance from a USPTO Customer Service
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Application/Control Number: 16/661,368 Page 6
Art Unit: 2646

Representative or access to the automated information system, call 800-786-9199 (IN

USA OR CANADA) or 571-272-1000.

/Matthew C Sams/
Primary Examiner, Art Unit 2646
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Application/Control No. Applicant(s)/Patent Under
16/661,368 Reexamination
Notice of References Cited Exariner f\:fﬂif netal
MATTHEW C SAMS 2646 Page 1 of 1
U.S. PATENT DOCUMENTS
* Coumzoggggfaﬁ:r?bf:}z:; Code MIVEI)- ?}?{YY Name CPC Classification US Classification
* [ A | Us-20020119772-A1 08-2002 Yoshida, Katsuya H04W24/00 455/423
* | B | US-6785558-B1 08-2004 Stratford; Scott B. H04wW88/085 455/561
* [ ¢ | Us-20080139205-A1 06-2008 Sayeedi; Shahab M. H04wW36/0038 455/436
* | D [US-20100278530-A1 11-2010 Kummetz; Thomas H04B10/2575 398/41
* | E [US-20120039320-A1 02-2012 Lemson; Paul HO3F1/3247 370/338
* F | US-20130071112-A1 03-2013 Melester; Matthew Thomas H04B17/0085 398/38
* [ 6 | US-20130114963-A1 05-2013 Stapleton; Shawn Patrick H04W24/02 398/115
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L91 98 ((("DALI") near3 USPAT OR ON ON 2020/02/10
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: Shawn Patrick Stapleton ) Group Art Unit: 2646

)
Application No.: 16/661,368 ; Examiner: SAMS, MATTHEW C
Filed: October 23,2019 g Confirmation No.: 6065
Atty. File No.: 10333-41-CON g

For: OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM

AMENDMENT AND RESPONSE

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Commissioner:;

Applicant submits this Amendment and Response to address the Office Action having a
mailing date of February 13, 2020. Please credit any overpayment or charge any underpayment
to Deposit Account No. 19-1970.

Please amend the above-identified patent application as follows:

Amendments to the Claims are shown in the listing of claims which begins on page 2 of
this paper.

Remarks begin on page 6 of this paper.
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2. (New) The system of claim 1, further comprising a one or more Base Transceiver
Stations (BTSs) coupled to the one or more DAUSs, wherein each BTS comprises the plurality of

radio resources.

3. (New) The system of claim 2, further comprising a network optimization goal

comprising a percentage of users associated with each of the plurality of radio resources.

4 (New) The system of claim 1, wherein the traffic monitoring unit is external to the

one or more DAUSs.

5. (New) The system of claim 1, wherein the traffic monitoring unit is provided as a

component of each of the one or more DAUS.

6. (New) The system of claim 1, wherein the traffic monitoring unit is external to the

one or more DRUs.

7. (New) The system of claim 1, wherein the traffic monitoring unit is provided as a

component of each of the one or more DRUS.

8. (New) The system of claim 1, wherein the traffic monitoring unit is configured to

analyze Key Performance Indicators (KPIs) of the DAS.

9. (New) The system of claim 1, wherein the traffic monitoring unit is configured to

analyze Quality of Service (QoS) values of the DAS.

3 Attorney Docket No.: 10333-41-CON
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10. (New) A system comprising:

one or more Digital Access Units (DAUs) operable to receive at least one signal from at
least one of a first signal source and a second signal source from one or more of a plurality of
signal sources, each DAU of the one or more DAUSs including an input port configured as an
uplink/downlink port and an output port configured as an uplink/downlink port;

one or more Digital Remote Units (DRUs) couplable to the one or more DAUSs and
operable to transport signals between the one or more DRUSs and the one or more DAUS;

a plurality of radio resources formed from the one or more DRUs comprising a first radio
resource and a second radio resource different from the first radio resource, each radio resource
comprising a subset of the one or more DRUSs; and

a traffic monitoring unit external to and couplable to at least one of the DAUs, wherein
the traffic monitoring unit is configured to:

determine one or more of one or more key performance indicators (KPIs) and/or a
quality of service (QoS) of a network traffic for the one or more DAUSs, wherein the QoS is a
function of the one or more KPIs; and

reconfigure the plurality of radio resources based on one or more of the one or
more KPIs and/or the QoS by allocating at least one DRU from the first radio resource to the

second radio resource.

11. (New) The system of claim 10, wherein the traffic monitoring unit is external to

one or more Base Transceiver Stations (BTSs) and coupled to each of the one or more BTSs.

12.  (New) The system of claim 10, further comprising a network optimization

processor coupled to the traffic monitoring unit.

13. (New) The system of claim 10, wherein the one or more DAUs are coupled via at
least one of an ethernet cable, optical fiber, microwave line of sight link, wireless link, and/or

satellite link.

4 Attorney Docket No.: 10333-41-CON
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14. (New) The system of claim 10, wherein the one or more DAUs are coupled to the
one or more DRUs via at least one of an ethernet cable, optical fiber, microwave line of sight

link, wireless link, and/or satellite link.

15.  (New) The system of claim 10, wherein the one or more DRUs are connected in a

daisy chain configuration.

16. (New) The system of claim 10, wherein the one or more DRUs are connected to

the one or more DAUs in a star configuration.
17.  (New) The system of claim 10, wherein the one or more DAUs are connected to
one or more BTSs via at least one of an ethernet cable, optical fiber, microwave line of sight

link, wireless link, and/or satellite link.

18.  (New) The system of claim 10, wherein the one or more DRUs are connected in a

loop to one or more of the one or more DAUS.

19.  (New) The system of claim 10, wherein a single DAU port is connected to one or

more BTSs.

5 Attorney Docket No.: 10333-41-CON
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Page 106

REMARKS

Applicant respectfully requests reconsideration of this application, as amended.

Applicant requests the holding in abeyance of the double patenting rejection until an
indication of allowable subject matter has been provided.

While claim 1 is rejected in view of Lee, Applicant respectfully submits that based on the
above now-claimed combination of features, the claims are distinguishable from the reference.

Withdrawal of the rejection is respectfully requested.

With all rejections having been overcome, Applicant respectfully submits the application
is in condition for allowance.

A prompt Notice of Allowance is respectfully solicited.

Should the Examiner believe anything further is desirable in order to place the
application in even better condition for allowance, the Examiner is encouraged to contact
Applicants undersigned representative at the telephone number listed below.

The Commissioner is hereby authorized to charge to deposit account number 19-1970
any fees under 37 CFR § 1.16 and 1.17 that may be required by this paper and to credit any
overpayment to that Account. If any extension of time is required in connection with the filing

of this paper and has not been separately requested, such extension is hereby Petitioned.

Respectfully submitted,

SHERIDAN ROSS P.C.

Date: March 30, 2020 By: __ /Jason H. Vick/
Jason H. Vick
Reg. No. 45,285
1560 Broadway, Suite 1200
Denver, Colorado 80202
Telephone: 303-863-9700

FEN
IVIQ

shendanross.com
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Application Number: 16661368
International Application Number:
Confirmation Number: 6065
Title of Invention: OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM
First Named Inventor/Applicant Name: Shawn Patrick Stapleton
Customer Number: 167137
Filer: Jason Vick/Joanne Vos
Filer Authorized By: Jason Vick
Attorney Docket Number: 10333-41-CON
Receipt Date: 30-MAR-2020
Filing Date: 23-0CT-2019
Time Stamp: 12:45:54
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
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Multipart Description/PDF files in .zip description
Document Description Start End
Amendment/Req. Reconsideration-After Non-Final Reject 1 1
Claims 2 5
Applicant Arguments/Remarks Made in an Amendment 6 6
Warnings:
Information:
Total Files Size (in bytes){ 91573

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/26

Doc Code: DIST.E.FILE U.S. Patent and Trademark Office

Document Description: Electronic Terminal Disclaimer - Filed Department of Commerce
Electronic Petition Request TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING REJECTION OVER A

“PRIOR” PATENT

Application Number 16661368

Filing Date 23-Oct-2019
First Named Inventor Shawn Stapleton
Attorney Docket Number 10333-41-CON

Title of Invention

OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM

X Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstanding
Office Action

XI This electronic Terminal Disclaimer is not being used for a Joint Research Agreement.

Owner Percent Interest

Dali Systems Co. Ltd. 100%

The owner(s) with percent interest listed above in the instant application hereby disclaims, except as provided below, the
terminal part of the statutory term of any patent granted on the instant application which would extend beyond the expiration
date of the full statutory term of prior patent number(s)

10506454

as the term of said prior patent is presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so
granted on the instant application shall be enforceable only for and during such period that it and the prior patent are commonly
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors
or assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on the instant
application that would extend to the expiration date of the full statutory term of the prior patent, "as the term of said prior patent
is presently shortened by any terminal disclaimer,” in the event that said prior patent later:

- expires for failure to pay a maintenance fee;

- is held unenforceable;

- is found invalid by a court of competent jurisdiction;

- is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

- has all claims canceled by a reexamination certificate;

- is reissued; or

- is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

(® Terminal disclaimer fee under 37 CFR 1.20(d) is included with Electronic Terminal Disclaimer request.
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O | certify, in accordance with 37 CFR 1.4(d)(4), that the terminal disclaimer fee under 37 CFR 1.20(d)
required for this terminal disclaimer has already been paid in the above-identified application.

Applicant claims the following fee status:

(® Small Entity
(O Micro Entity

(O Regular Undiscounted

| hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and
that such willful false statements may jeopardize the validity of the application or any patent issued thereon.

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES

| certify, in accordance with 37 CFR 1.4(d)(4) that | am:

® An attorney or agent registered to practice before the Patent and Trademark Office who is of record in
this application

Registration Number 45285

(O Asoleinventor

O A joint inventor; | certify that | am authorized to sign this submission on behalf of all of the inventors as evidenced by the
power of attorney in the application

(O Ajointinventor; all of whom are signing this request

Signat
ignature /Jason H. Vick/

Name Jason H. Vick

*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner).
Form PTO/SB/96 may be used for making this certification. See MPEP § 324.
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Electronic Patent Application Fee Transmittal

Application Number:

16661368

Filing Date:

23-Oct-2019

Title of Invention:

OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM

First Named Inventor/Applicant Name:

Shawn Patrick Stapleton

Filer:

Jason Vick/Joanne Vos

Attorney Docket Number:

10333-41-CON

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount SUB—JS:;)I in
Basic Filing:
STATUTORY OR TERMINAL DISCLAIMER 2814 1 160 160
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description Fee Code Quantity Amount Suz-;l'g(t:)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 160
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Doc Code: DISQ.E.FILE
Document Description: Electronic Terminal Disclaimer — Approved

Application No.: 16661368
Filing Date: 23-Oct-2019

Applicant/Patent under Reexamination: Stapleton

Electronic Terminal Disclaimer filed on  April 2, 2020

X APPROVED

This patent is subject to a terminal disclaimer

1 DISAPPROVED

Approved/Disapproved by: Electronic Terminal Disclaimer automatically approved by EFS-Web

U.S. Patent and Trademark Office
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Electronic Acknowledgement Receipt

EFS ID: 39049122
Application Number: 16661368
International Application Number:
Confirmation Number: 6065

Title of Invention:

OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM

First Named Inventor/Applicant Name:

Shawn Patrick Stapleton

Customer Number:

167137

Filer:

Jason Vick/Joanne Vos

Filer Authorized By:

Jason Vick

Attorney Docket Number:

10333-41-CON

Receipt Date: 02-APR-2020
Filing Date: 23-0CT-2019
Time Stamp: 17:16:14

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type DA

Payment was successfully received in RAM $160

RAM confirmation Number E202042H16107969
Deposit Account 191970
Authorized User Joanne Vos

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
37 CFR 1.16 (National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Document supply fees)
37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)

33477

1 Terminal Disclaimer-Filed (Electronic) eTerminal-Disclaimer.pdf no 2

79d75e81002a863e99633f4fcb838a2d184,
90eea

Warnings:

Information:

30450

2 Fee Worksheet (SB06) fee-info.pdf no 2

7fc2074b0a54ffa212951a47f46f3e21a9ddf]

Warnings:

Information:

Total Files Size (in bytes){ 63927

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
167137 7590 04/09/2020
SHERIDAN ROSS PC SAMS, MATTHEW C
1560 Broadway
Suite 1200 | ART UNIT PAPER NUMBER |
Denver, CO 80202 2646
DATE MAILED: 04/09/2020
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  CONFIRMATION NO.
16/661,368 10/23/2019 Shawn Patrick Stapleton 10333-41-CON 6065

TITLE OF INVENTION: OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional SMALL $500 $0.00 $0.00 $500 07/09/2020

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at

www.uspto.gov/PatentMaintenanceFees.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

167137 7590 04/09/2020 Certificate of Mailing or Transmission
SHERIDAN ROSS PC I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
roadwa addressed to the Mail Sto, address above, or being transmitted to
1560 Broad ddressed to the Mail Stop ISSUE FEE address ab: being itted
Suite 1200 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Denver, CO 80202 (Typed or printed name)
(Signature)
(Date)l
I APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
16/661,368 10/23/2019 Shawn Patrick Stapleton 10333-41-CON 6065
TITLE OF INVENTION: OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM
| APPLN. TYPE | ENTITY STATUS I ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional SMALL $500 $0.00 $0.00 $500 07/09/2020

I EXAMINER | ART UNIT | CLASS-SUBCLASS |
SAMS, MATTHEW C 2646 455-445000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of upto 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

(] "Fee Address" indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

|95}

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual [ Corporation or other private group entity (] Government

4a. Fees submitted: [MIssue Fee (JPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Blectronic Payment via EFS-Web [ Enclosed check (] Non-electronic payment by credit card (Attach form PTO-2038)

[ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
16/661,368 10/23/2019 Shawn Patrick Stapleton 10333-41-CON 6065
| EXAMINER |
167137 7590 04/09/2020
SHERIDAN ROSS PC SAMS, MATTHEW C
1560 Broadway
Suite 1200 | ART UNIT PAPER NUMBER |
Denver, CO 80202 2646

DATE MAILED: 04/09/2020

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5§ U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
. . 16/661,368 Stapleton et al.
Notice of Allowablility Examiner ArtUnit | AIA (FITF) Status
MATTHEW C SAMS 2646 No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.
1.4} This communication is responsive to 3/30/2020.

[J A declaration(s)affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 1-19 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4.[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

Certified copies:
a) JAIl b) (JSome  *c) [J None of the:
1. [0 Certified copies of the priority documents have been received.
2. [J Certified copies of the priority documents have been received in Application No. ___
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(O including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front {not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6.(] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.4} Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.0 Information Disclosure Statements (PTO/SB/08), 6. ¥} Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. (J Other .

of Biological Material
4.V Interview Summary (PTO-413),
Paper No./Mail Date.
/Matthew C Sams/
Primary Examiner, Art Unit 2646

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200403

Page 120 CommScope Exhibit 1002



Application/Control Number: 16/661,368 Page 2
Art Unit: 2646

DETAILED ACTION
Notice of Pre-AIA or AIA Status
1. The present application is being examined under the pre-AlA first to invent

provisions.

Response to Amendment
2. This office action is in response to the amendment filed on 3/30/2020.
3. Claim 1 has been amended and claims 2-19 have been newly added.
4. The Terminal Disclaimer filed on 4/2/2020 is approved and accordingly, the Double

Patenting rejection with US-10,506,454 is withdrawn.

Allowable Subject Matter
5. Claims 1-19 are allowed.
6. The following is an examiner’s statement of reasons for allowance:

Applicant’s independent claim 1 recites, infer alia, a system comprising one or
more Digital Access Units (DAUs) operable to receive at least one signal from at least
one of a first signal source and a second signal source from one or more of a plurality of
signal sources, each DAU of the one or more DAUSs including an input port configured as
an uplink/downlink port and an output port configured as an uplink/downlink port;

one or more Digital Remote Units (DRUs) connectable to the one or more DAUs
and operable to transport signals between one or more of the one or more DRUs and the

one or more DAUS;
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a plurality of radio resources formed from the one or more DURs compirising a first
radio resource and a second radio resource different from the first radio resource, each
radio resource comprising a subset of the plurality of DRUs; and

a traffic monitoring unit coupled to at least one of the DAUs, wherein the traffic
monitoring unit is configured to determine one or more of: one or more key performance
indicators (KPIs) and/or a quality of service (QOS) of a network traffic for the one or more
DAUSs, wherein the QoS is a function of the one or more KPIs and reconfigure the plurality
of radio resources based on one or more of the one or more KPIs and/or the QoS by
allocating at least one DRU from the first radio resource to the second radio resource.

The closest prior arts of record are:

Lee et al. (US-2013/0128810) which differs from the claimed invention by not
explicitly reciting the traffic monitoring unit is configured to determine one or more of: one
or more key performance indicators (KPIs) and/or a quality of service (QOS) of a network
traffic for the one or more DAUs, wherein the QoS is a function of the one or more KPIs
and reconfigure the plurality of radio resources based on one or more of the one or more
KPIs and/or the QoS by allocating at least one DRU from the first radio resource to the
second radio resource.

Trigui et al. (US-8,498,207) discloses the ability to provide dynamic load balancing
in a cellular network, but differs from the claimed invention by not explicitly reciting each
DAU of the one or more DAUSs including an input port configured as an uplink/downlink
port and an output port configured as an uplink/downlink port.

Kummetz et al. (US-2010/0278530) provides for a distributed antenna system for

wireless network systems (Abstract) that includes DAUs [0031] “Master Units” and DRUs
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[0031] “Remote Units”, but differs from the claimed invention by not explicitly reciting each
DAU of the one or more DAUSs including an input port configured as an uplink/downlink
port and an output port configured as an uplink/downlink port and that the traffic
monitoring unit is configured to determine one or more of: one or more key performance
indicators (KPIs) and/or a quality of service (QOS) of a network traffic for the one or more
DAUs, wherein the QoS is a function of the one or more KPIs and reconfigure the plurality
of radio resources based on one or more of the one or more KPIs and/or the QoS by
allocating at least one DRU from the first radio resource to the second radio resource.

Applicant’s claims recite a particular combination that is neither taught nor
suggested by the prior art and are allowed for these reasons and the reasons stated by
the Applicant in the response dated 3/30/2020.

Any comments considered necessary by applicant must be submitted no later than
the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”

Conclusion
7. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to MATTHEW C SAMS whose telephone number is
(5671)272-8099. The examiner can normally be reached on M-F 8:30-5 EST.
Examiner interviews are available via telephone, in-person, and video

conferencing using a USPTO supplied web-based collaboration tool. To schedule an
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interview, applicant is encouraged to use the USPTO Automated Interview Request (AIR)
at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Lester Kincaid can be reached on (571)272-7922. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published
applications may be obtained from either Private PAIR or Public PAIR. Status information
for unpublished applications is available through Private PAIR only. For more information
about the PAIR system, see https://ppair-my.uspto.gov/pair/PrivatePair. Should you have
guestions on access to the Private PAIR system, contact the Electronic Business Center
(EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer
Service Representative or access to the automated information system, call 800-786-

9199 (IN USA OR CANADA) or 571-272-1000.

/Matthew C Sams/
Primary Examiner, Art Unit 2646
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Application Applicant(s)
No. Stapleton et al.
16/661,368
Examiner-/nitialed Interview Summary | Examiner Art AIA (First Inventor Page
MATTHEW C | Unit to File) Status
SAMS 2646 No 1of 1

All participants (applicant, applicants representative, PTO personnel):

1. MATTHEW C SAMS (Primary Examiner); 2. Jason H. Vick (Attorney); Telephonic
Telephonic

Date of Interview: 02 April 2020

Brief Description of the main topic(s) of discussion: The Examiner requested the Applicant file an
electronic Terminal Disclaimer, which the Applicant agreed to file.

Issues Discussed:

Double Patenting:
Examiner requested the Applicant file a eTD.

/Matthew C Sams/
Primary Examiner, Art Unit 2646

Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in
the application file. It is the applicants responsibility to provide the written statement, unless the interview was initiated
by the Examiner and the Examiner has indicated that a written summary will be provided. See MPEP 713.04

Please further see:

MPEP 713.04

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews, paragraph (b)

37 CFR § 1.2 Business to be transacted in writing

U.S. Patent and Trademark Office
PTOL-413/413b (Rev. 01/01/2015) Interview Summary Paper No. 20200403

Applicant recordation instructions:it is not necessary for applicant to provide a separate record of the substance of interview

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A
complete and proper recordation of the substance of an interview should include the items listed in MPEP 713.04
for complete and proper recordation including the identification of the general thrust of each argument or issue
discussed, a general indication of any other pertinent matters discussed regarding patentability and the general
results or outcome of the interview, to include an indication as to whether or not agreement was reached on the
issues raised.
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Application/Control No. Applicant(s)/Patent Under
16/661,368 Reexamination
Notice of References Cited Exariner f\:fﬂif netal
MATTHEW C SAMS 2646 Page 1 of 1
U.S. PATENT DOCUMENTS
* Coumzogsggfa,\r‘]:r?bff?i:; Code MIVEI)- $$YY Name CPC Classification US Classification
* [ A [Us-20130128810-A1 05-2013 Lee; Albert S. H04W84/042 370/328
* B | US-10264626-B2 04-2019 Lee; Albert S. HO04W4/70 171
C
D
E
F
G
H
|
J
K
L
M
FOREIGN PATENT DOCUMENTS
* Countzog:gg?l\:]:n’:lbfrr-]?i:rci Code MIVID» ?}?{YY Country Name CPC Classification
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Q
R
S]
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
u
\
W
X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20200403
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification | g6+ 368 Stapleton et al.

H “ ““H Examiner Art Unit

MATTHEW C SAMS 2646
CPC
Symbol Type Version
Ho4W 02 F 20130101
HO4AW 04 | 2043-01-01:
HO4W 085 A 2013-01-01

CPC Combination Sets

Symbol Type Set Ranking Version

NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 19
/Matthew C Sams/ 03 April 2020 . ) N
Primary Examiner, Art Unit 2646 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 9
U.S. Patent and Trademark Office Part of Paper No.: 20200403
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification | g6+ 368 Stapleton et al.

H “ ““H Examiner Art Unit
MATTHEW C SAMS 2646

INTERNATIONAL CLASSIFICATION
CLAIMED

H04W24/02
H04W16/04
H04W88/08

NON-CLAIMED

US ORIGINAL CLASSIFICATION
CLASS SUBCLASS

CROSS REFERENCES(S)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
NONE
Total Claims Allowed:

(Assistant Examiner) (Date) 19

/Matthew C Sams/ 03 April 2020 . ) N
Primary Examiner, Art Unit 2646 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 9
U.S. Patent and Trademark Office Part of Paper No.: 20200403
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PE2E SEARCH - Search History (Prior Art)

Ref # |Hits Search Query DBs Default |Plurals |British Time
Operator Equivalents |[Stamp
L92 5 "20130128810" US-PGPUB; USPAT; OR ON ON 2020/04/02
USOCR,; FPRS; EPO; 04:15 PM
JPO; DERWENT;
IBM_TDB
L93 4 digital with access with  [US-PGPUB; USPAT; OR ON ON 2020/04/03
unit and sams- USOCR; FPRS; EPO; 12:05 PM
matthew$.xp. JPO; DERWENT;
IBM_TDB
L94 0 dali and sams- US-PGPUB; USPAT; OR ON ON 2020/04/03
matthew.xp. USOCR,; FPRS; EPO; 12:05 PM
JPO; DERWENT;
IBM_TDB
L95 1 dali and sams- US-PGPUB; USPAT; OR ON ON 2020/04/03
matthew$.xp. USOCR; FPRS; EPO; 12:05 PM
JPO; DERWENT;
IBM_TDB
L96 98 ((("DALI") near3 USPAT OR ON ON 2020/04/03
("SYSTEMS") near3 12:05 PM
("CO") neard
("LTD"))).AS,AANM.
L97 240 (("STAPLETON") near3 |US-PGPUB; USPAT,; OR ON ON 2020/04/03
("Shawn")) OR USOCR,; EPO; JPO; 12:05 PM
(("HEJAZI") near3 DERWENT
("Seyed™)).INV.
L98 3065 optimiz$6 with traffic with [US-PGPUB; USPAT,; OR ON ON 2020/04/03
load USOCR,; FPRS; EPO; 12:05 PM
JPO; DERWENT;
IBM_TDB
L99 97 (L4 or L5) and L6 US-PGPUB; USPAT; OR ON ON 2020/04/03
USOCR,; FPRS; EPO; 12:05 PM
JPO; DERWENT;
IBM_TDB
L100 |1 15/819279 US-PGPUB; USPAT; OR ON ON 2020/04/03
USOCR; FPRS; EPO; 12:05 PM
JPO; DERWENT;
IBM_TDB
L101 10 "20100278530" US-PGPUB; USPAT; OR ON ON 2020/04/03
"8498207".pn. USOCR,; FPRS; EPO; 12:05 PM
"20130071112" JPO; DERWENT;
IBM_TDB
L102 |17 (digital with remote with |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit DRU) with (chang$3 |USOCR; FPRS; EPO; 12:05 PM
reconfigur$6) with sector [JPO; DERWENT;
04/03/2020 12:11:37 PM Page 1 of 10

Workspace: 16661368
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IBM_TDB

L103 |39 (digital with remote with |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit DRU) with (switch$3 |USOCR; FPRS; EPO; 12:05 PM
chang$3 reconfigur$6) JPO; DERWENT;
with sector IBM_TDB

L104 |5 "20070077929" US-PGPUB; USPAT; OR ON ON 2020/04/03

USOCR; FPRS; EPO; 12:05 PM
JPO; DERWENT;
IBM_TDB

L105 [171 (digital with remote with |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit DRU) with (switch$3 |USOCR; FPRS; EPO; 12:05 PM
chang$3 reconfigur$6) |JPO; DERWENT;
with (array sector) IBM_TDB

L106 [420 (digital with remote with |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit DRU transceiv$3) USOCR,; FPRS; EPO; 12:05 PM
with (switch$3 chang$3 [JPO; DERWENT,;
reconfigur$6) with IBM_TDB
(sector)

L107 |0 (digital with remote with |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit DRU transceiv$3) USOCR,; FPRS; EPO; 12:05 PM
with (switch$3 chang$3 |JPO; DERWENT;
reconfigur$6) with IBM_TDB
(sector) with feedback
same (QOS qualit$3 with
service kpi key with
performance with
indicat$3)

L108 |1 (digital with remote with |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit DRU transceiv$3) USOCR,; FPRS; EPO; 12:05 PM
with (switch$3 chang$3 [JPO; DERWENT;
reconfigur$6) with IBM_TDB
(sector) same feedback
and (QOS qualit$3 with
service kpi key with
performance with
indicat$3)

L109 |2 (digital with remote with |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit DRU transceiv$3) USOCR,; FPRS; EPO; 12:05 PM
with (switch$3 chang$3 |JPO; DERWENT;
reconfigur$6) with (array |IBM_TDB
sector) same feedback
and (QOS qualit$3 with
service kpi key with
performance with
indicat$3)

L110 [154 (digital with remote with |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit DRU transceiv$3) USOCR; FPRS; EPO; 12:05 PM
with (switch$3 chang$3 [JPO; DERWENT,;
reconfigur$6) with (array |IBM_TDB
sector) and feedback and
(QOS qualit$3 with
service kpi key with
performance with

04/03/2020 12:11:37 PM Page 2 of 10
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indicat$3)

L111 214 (digital with remote with |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit DRU transceiv$3) USOCR,; FPRS; EPO; 12:05 PM
with (switch$3 chang$3 [JPO; DERWENT;
reconfigur$6) with (beam |IBM_TDB
array sector) and
feedback and (QOS
qualit$3 with service kpi
key with performance
with indicat$3)

L1112 |2 13/950160 US-PGPUB; USPAT; OR ON ON 2020/04/03

USOCR,; FPRS; EPO; 12:05 PM
JPO; DERWENT;
IBM_TDB

L113 [214 (digital with remote with |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit DRU transceiv$3) USOCR,; FPRS; EPO; 12:05 PM
with (switch$3 chang$3 |JPO; DERWENT;
reconfigur$6 remap$4) |IBM_TDB
with (beam array sector)
and feedback and (QOS
qualit$3 with service kpi
key with performance
with indicat$3)

L114 |93 traffic with monitor$3 with [US-PGPUB; USPAT; OR ON ON 2020/04/03
unit with feedback USOCR,; FPRS; EPO; 12:05 PM

JPO; DERWENT;
IBM_TDB

L115 [1590 (packet communicat$4 |US-PGPUB; USPAT; OR ON ON 2020/04/03
traffic) with monitor$3 USOCR,; FPRS; EPO; 12:05 PM
with unit with feedback |JPO; DERWENT;

IBM_TDB

L116 [4323 (digital with remote with |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit DRU transceiv$3) USOCR,; FPRS; EPO; 12:05 PM
with (switch$3 chang$3 |JPO; DERWENT;
reconfigur$6 remap$4) |IBM_TDB
with (beam array sector)

L1117 |2 L23 and L24 US-PGPUB; USPAT; OR ON ON 2020/04/03

USOCR,; FPRS; EPO; 12:05 PM
JPO; DERWENT;
IBM_TDB

L118 [173 shift$3 with (dru beam US-PGPUB; USPAT; OR ON ON 2020/04/03
antenna) with between [USOCR; FPRS; EPO; 12:05 PM
with sectors JPO; DERWENT;

IBM_TDB

L119 |23 shift$3 with (dru beam US-PGPUB; USPAT; OR ON ON 2020/04/03
antenna) with between USOCR; FPRS; EPO; 12:05 PM
with sectors and JPO; DERWENT;

"455" clas. IBM_TDB

L120 |3 (US-20100278530-$ or |US-PGPUB; USPAT OR ON ON 2020/04/03
US-20130071112-$).did. 12:05 PM

04/03/2020 12:11:37 PM Page 3 of 10
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or (US-8498207-3).did.

L121 26 L14 AND ( (HO4\W88/085 |US-PGPUB; USPAT OR ON ON 2020/04/03
OR H04B10/2575 OR 12:05 PM
H04B10/25753 OR
H04L41/5025).CPC.)

L122 |2 "6785558".pn. US-PGPUB; USPAT OR ON ON 2020/04/03
"20080139205" 12:05 PM

L123 |37 ("2014/0162664").URPN. |[USPAT OR ON ON 2020/04/03

12:05 PM
L124 |8 "20120039320" US-PGPUB; USPAT; OR ON ON 2020/04/03
USOCR,; FPRS; EPO; 12:05 PM
JPO; DERWENT;
IBM_TDB

L125 |2 "20020119772" US-PGPUB; USPAT; OR ON ON 2020/04/03
USOCR,; FPRS; EPO; 12:05 PM
JPO; DERWENT;
IBM_TDB

L126 |28 2013/0128810 US-PGPUB; USPAT; OR ON ON 2020/04/03
USOCR,; FPRS; EPO; 12:05 PM
JPO; DERWENT;
IBM_TDB

L127 |5 "20130128810" US-PGPUB; USPAT; OR ON ON 2020/04/03
USOCR; FPRS; EPO; 12:05 PM
JPO; DERWENT;
IBM_TDB

L128 [420 (digital with remote with |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit DRU transceiv$3) USOCR,; FPRS; EPO; 12:05 PM
with (switch$3 chang$3 [JPO; DERWENT;
reconfigur$6) with IBM_TDB
(sector)

L129 |26 L39 AND ( (H0O4\W88/085 |US-PGPUB; USPAT OR ON ON 2020/04/03
OR H04B10/2575 OR 12:05 PM
H04B10/25753 OR
H04L41/5025).CPC.)

L130 |39 (digital with remote with |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit DRU) with (switch$3 |USOCR; FPRS; EPO; 12:05 PM
chang$3 reconfigur$6) JPO; DERWENT;
with sector IBM_TDB

L131 214 (digital with remote with |US-PGPUB; USPAT; OR ON ON 2020/04/03
unit DRU transceiv$3) USOCR; FPRS; EPO; 12:05 PM
with (switch$3 chang$3 [JPO; DERWENT;
reconfigur$é remap$4) |IBM_TDB
with (beam array sector)
and feedback and (QOS
qualit$3 with service kpi
key with performance
with indicat$3)

L132 [1590 (packet communicat$4 |US-PGPUB; USPAT; OR ON ON 2020/04/03
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traffic) with monitor$3 USOCR,; FPRS; EPO; 12:05 PM
with unit with feedback  [JPO; DERWENT,;
IBM_TDB

L133 [4323 (digital with remote with |US-PGPUB; USPAT; OR ON ON 2020/04/03
unit DRU transceiv$3) USOCR,; FPRS; EPO; 12:05 PM
with (switch$3 chang$3 |[JPO; DERWENT;
reconfigur$6 remap$4) |IBM_TDB
with (beam array sector)

L134 |2 L43 and L44 US-PGPUB; USPAT; OR ON ON 2020/04/03

USOCR,; FPRS; EPO,; 12:05 PM
JPO; DERWENT,;
IBM_TDB

L135 |[240 (("STAPLETON") near3 |US-PGPUB; USPAT; OR ON ON 2020/04/03
("Shawn") OR USOCR,; EPO; JPO; 12:05 PM
(("HEJAZI") near3 DERWENT
("Seyed")).INV.

L136 |98 ((("DALI") near3 USPAT OR ON ON 2020/04/03
("SYSTEMS") near3 12:05 PM
("CO") near3
("LTD"))).AS,AANM.

L137 |4 digital with access with  |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit and sams- USOCR,; FPRS; EPO; 12:05 PM
matthew$.xp. JPO; DERWENT;

IBM_TDB

L138 |0 dali and sams- US-PGPUB; USPAT; OR ON ON 2020/04/03

matthew.xp. USOCR,; FPRS; EPO; 12:05 PM
JPO; DERWENT;
IBM_TDB

L139 |1 dali and sams- US-PGPUB; USPAT; OR ON ON 2020/04/03

matthew$.xp. USOCR,; FPRS; EPO; 12:05 PM
JPO; DERWENT;
IBM_TDB

L140 |98 (("DALI") near3 USPAT OR ON ON 2020/04/03
("SYSTEMS") near3 12:05 PM
("CO" near3
("LTD"))).AS,AANM.

L141 |240 (("STAPLETON") near3 |US-PGPUB; USPAT; OR ON ON 2020/04/03
("Shawn") OR USOCR,; EPO; JPO; 12:05 PM
(("HEJAZI") near3 DERWENT
("Seyed")).INV.

L142 |3065 optimiz$6 with traffic with |US-PGPUB; USPAT; OR ON ON 2020/04/03
load USOCR,; FPRS; EPO; 12:05 PM

JPO; DERWENT,
IBM_TDB

L143 |97 (L4 or L5) and L6 US-PGPUB; USPAT; OR ON ON 2020/04/03
USOCR,; FPRS; EPO; 12:05 PM
JPO; DERWENT,;
IBM_TDB
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L144 |1 15/819279 US-PGPUB; USPAT; OR ON ON 2020/04/03
USOCR; FPRS; EPO; 12:05 PM
JPO; DERWENT;
IBM_TDB

L145 |10 "20100278530" US-PGPUB; USPAT; OR ON ON 2020/04/03
"8498207".pn. USOCR,; FPRS; EPO; 12:05 PM
"20130071112" JPO; DERWENT;

IBM_TDB

L146 |17 (digital with remote with |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit DRU) with (chang$3 |USOCR; FPRS; EPO; 12:05 PM
reconfigur$6) with sector |JPO; DERWENT,;

IBM_TDB

L147 |39 (digital with remote with |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit DRU) with (switch$3 |USOCR; FPRS; EPO; 12:05 PM
chang$3 reconfigur$6) |JPO; DERWENT;
with sector IBM_TDB

L148 |5 "20070077929" US-PGPUB; USPAT; OR ON ON 2020/04/03

USOCR,; FPRS; EPO; 12:05 PM
JPO; DERWENT;
IBM_TDB

L149 [171 (digital with remote with |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit DRU) with (switch$3 |USOCR; FPRS; EPO; 12:05 PM
chang$3 reconfigur$6) JPO; DERWENT;
with (array sector) IBM_TDB

L150 [420 (digital with remote with |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit DRU transceiv$3) USOCR,; FPRS; EPO; 12:05 PM
with (switch$3 chang$3 |JPO; DERWENT;
reconfigur$6) with IBM_TDB
(sector)

L151 0 (digital with remote with |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit DRU transceiv$3) USOCR,; FPRS; EPO; 12:05 PM
with (switch$3 chang$3 [JPO; DERWENT;
reconfigur$6) with IBM_TDB
(sector) with feedback
same (QOS qualit$3 with
service kpi key with
performance with
indicat$3)

L152 |1 (digital with remote with |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit DRU transceiv$3) USOCR; FPRS; EPO; 12:05 PM
with (switch$3 chang$3 |JPO; DERWENT;
reconfigur$6) with IBM_TDB
(sector) same feedback
and (QOS qualit$3 with
service kpi key with
performance with
indicat$3)

L153 |2 (digital with remote with |US-PGPUB; USPAT; OR ON ON 2020/04/03
unit DRU transceiv$3) USOCR,; FPRS; EPO; 12:05 PM
with (switch$3 chang$3 [JPO; DERWENT;
reconfigur$6) with (array |IBM_TDB
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sector) same feedback
and (QOS qualit$3 with
service kpi key with
performance with
indicat$3)

L154 [154 (digital with remote with |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit DRU transceiv$3) USOCR; FPRS; EPO; 12:05 PM
with (switch$3 chang$3 |JPO; DERWENT;
reconfigur$6) with (array |IBM_TDB
sector) and feedback and
(QOS qualit$3 with
service kpi key with
performance with
indicat$3)

L155 [214 (digital with remote with |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit DRU transceiv$3) USOCR,; FPRS; EPO; 12:05 PM
with (switch$3 chang$3 [JPO; DERWENT;
reconfigur$6) with (beam |IBM_TDB
array sector) and
feedback and (QOS
qualit$3 with service kpi
key with performance
with indicat$3)

L156 |2 13/950160 US-PGPUB; USPAT; OR ON ON 2020/04/03

USOCR,; FPRS; EPO; 12:05 PM
JPO; DERWENT;
IBM_TDB

L157 [214 (digital with remote with |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit DRU transceiv$3) USOCR,; FPRS; EPO; 12:05 PM
with (switch$3 chang$3 |JPO; DERWENT;
reconfigur$é remap$4) |IBM_TDB
with (beam array sector)
and feedback and (QOS
qualit$3 with service kpi
key with performance
with indicat$3)

L158 |93 traffic with monitor$3 with |US-PGPUB; USPAT; OR ON ON 2020/04/03
unit with feedback USOCR,; FPRS; EPO; 12:05 PM

JPO; DERWENT;
IBM_TDB

L159 [1590 (packet communicat$4 |US-PGPUB; USPAT,; OR ON ON 2020/04/03
traffic) with monitor$3 USOCR; FPRS; EPO; 12:05 PM
with unit with feedback |JPO; DERWENT;

IBM_TDB
L160 [4323 (digital with remote with |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit DRU transceiv$3) USOCR,; FPRS; EPO; 12:05 PM
with (switch$3 chang$3 |JPO; DERWENT;
reconfigur$é remap$4) |IBM_TDB
with (beam array sector)
L161 2 L23 and L24 US-PGPUB; USPAT; OR ON ON 2020/04/03
USOCR,; FPRS; EPO; 12:05 PM
JPO; DERWENT;
IBM_TDB
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L162 [173 shift$3 with (dru beam US-PGPUB; USPAT; OR ON ON 2020/04/03
antenna) with between USOCR; FPRS; EPO; 12:05 PM
with sectors JPO; DERWENT;

IBM_TDB

L163 |23 shift$3 with (dru beam US-PGPUB; USPAT; OR ON ON 2020/04/03
antenna) with between USOCR; FPRS; EPO; 12:05 PM
with sectors and JPO; DERWENT;

"455" clas. IBM_TDB

L164 |3 (US-20100278530-$ or |US-PGPUB; USPAT OR ON ON 2020/04/03
US-20130071112-%).did. 12:05 PM
or (US-8498207-$).did.

L165 |26 L14 AND ( (HO4W88/085 |US-PGPUB; USPAT OR ON ON 2020/04/03
OR H04B10/2575 OR 12:05 PM
H04B10/25753 OR
H04L41/5025).CPC.)

L166 |2 "6785558".pn. US-PGPUB; USPAT OR ON ON 2020/04/03
"20080139205" 12:05 PM

L167 |37 ("2014/0162664").URPN. |[USPAT OR ON ON 2020/04/03

12:05 PM
L168 |8 "20120039320" US-PGPUB; USPAT; OR ON ON 2020/04/03
USOCR,; FPRS; EPO; 12:05 PM
JPO; DERWENT;
IBM_TDB

L169 |2 "20020119772" US-PGPUB; USPAT; OR ON ON 2020/04/03
USOCR,; FPRS; EPO; 12:05 PM
JPO; DERWENT;
IBM_TDB

L170 |28 2013/0128810 US-PGPUB; USPAT; OR ON ON 2020/04/03
USOCR,; FPRS; EPO; 12:05 PM
JPO; DERWENT;
IBM_TDB

L171 5 "20130128810" US-PGPUB; USPAT; OR ON ON 2020/04/03
USOCR,; FPRS; EPO; 12:05 PM
JPO; DERWENT;
IBM_TDB

L172 [420 (digital with remote with |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit DRU transceiv$3) USOCR,; FPRS; EPO; 12:05 PM
with (switch$3 chang$3 |JPO; DERWENT;
reconfigur$6) with IBM_TDB
(sector)

L173 |26 L39 AND ( (H0O4\W88/085 |US-PGPUB; USPAT OR ON ON 2020/04/03
OR H04B10/2575 OR 12:05 PM
H04B10/25753 OR
H04L41/5025).CPC.)

L174 |39 (digital with remote with |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit DRU) with (switch$3 |USOCR; FPRS; EPO; 12:05 PM
chang$3 reconfigur$6) JPO; DERWENT;
with sector IBM_TDB
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L175 [214 (digital with remote with |US-PGPUB; USPAT; OR ON ON 2020/04/03
unit DRU transceiv$3) USOCR; FPRS; EPO; 12:05 PM
with (switch$3 chang$3 [JPO; DERWENT;
reconfigur$é remap$4) |IBM_TDB
with (beam array sector)
and feedback and (QOS
qualit$3 with service kpi
key with performance
with indicat$3)

L176 [1590 (packet communicat$4 |US-PGPUB; USPAT; OR ON ON 2020/04/03
traffic) with monitor$3 USOCR,; FPRS; EPO; 12:05 PM
with unit with feedback |JPO; DERWENT;

IBM_TDB

L177 |4323 (digital with remote with |US-PGPUB; USPAT,; OR ON ON 2020/04/03
unit DRU transceiv$3) USOCR; FPRS; EPO; 12:05 PM
with (switch$3 chang$3 |JPO; DERWENT;
reconfigur$6 remap$4) |IBM_TDB
with (beam array sector)

L178 |2 L43 and L44 US-PGPUB; USPAT; OR ON ON 2020/04/03

USOCR,; FPRS; EPO; 12:05 PM
JPO; DERWENT;
IBM_TDB

L179 |240 (("STAPLETON") near3 |US-PGPUB; USPAT,; OR ON ON 2020/04/03
("Shawn")) OR USOCR; EPO; JPO; 12:05 PM
(("HEJAZI") near3 DERWENT
("Seyed")).INV.

L180 |98 ((("DALI") near3 USPAT OR ON ON 2020/04/03
("SYSTEMS") near3 12:05 PM
("CO") near3
("LTD"))).AS,AANM.

L181 5 "20130128810" US-PGPUB; USPAT; OR ON ON 2020/04/03

USOCR,; FPRS; EPO; 12:05 PM
JPO; DERWENT;
IBM_TDB
PE2E SEARCH - Search History (Interference)
Ref # |Hits Search Query DBs Default |Plurals |British Time
Operator Equivalents |[Stamp

N50 77 shift$3 with (dru beam USPAT OR ON ON 2020/04/03
antenna) with between 12:04 PM
with sector

N51 16 shift$3 with (dru beam USPAT OR ON ON 2020/04/03
antenna) with between 12:04 PM
with sector and
"455" clas.

N52 0 N32 AND ( (H04W88/085 |USPAT OR ON ON 2020/04/03
OR H04B10/2575 OR 12:04 PM
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H04B10/25753 OR
H04L41/5025).CPC.)

N53 77 shift$3 with (dru beam USPAT OR ON ON 2020/04/03
antenna) with between 12:04 PM
with sector

N54 0 N48 AND ( (H04W88/085 |USPAT OR ON ON 2020/04/03
OR H04B10/2575 OR 12:04 PM
H04B10/25753 OR

H04L41/5025).CPC.)
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This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

; Portions or alf of the application associated with this Application Data Sheet may fail under a Secrecy Order pursuant {0
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor information:

Inventor 1

Legal Name

Prefix| Given Name Middie Nams Family Name Suffix
Shawn Patrick Stapieton

Residence Information {Select One) () US Residency (8 NonUS Residency () Active US Military Service

City |Burnaby Country of Residence | CA

Mailing Address of Inventor:

Address 1 MAPLES CORPORATE SERVICES LIMITED

Address 2 P.C. Box 309, Ugland House, South Church Street

City George Town, Grand Cayman State/Province

Postal Code KY1-1104 | Country| KY

inventor 2

Legal Name

Prefix| Given Name Middie Name Family Name Suffix
Seyed Amin Hejazi

Residence Information {Select One) (O US Residency (8 Non US Residency (O Active US Military Service

City Burnaby Country of Residence i CA

Mailing Address of Inventor:

Address 1 MAPLES CORPORATE SERVICES LIMITED

Address 2 2.0, Box 308, Ugiand House, South Church Street

City George Town, Grand Cayman State/Province
Postal Code | KY1-1104 | Country KY

Al Inveniors Must Be Listed - Additional inventor information blocks may be
generaled within this form by selecting the Add button.

Correspondence Information:

£FS Web 2.2.13
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U.8. Patent and Trademark Office; U.8. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to g collection of information unless it contains a valid OMB control number.

Attorney Docket Number | RP282736-08-03-BW~1038-1  10333-41-CON
Application Number 16/661,368

Application Data Sheet 37 CFR 1.78

Title of Invention OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM

Enter either Customer Number or compiete the Correspondence information section below.
For further information see 37 CFR 1.33{a}.

[] An Address is being provided for the correspondence Information of this application.

Customer Number eaaii) 167137
Email Address jvick@sheridanross.com

Application Information:

Title of the invention OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYETEM

Attorney Docket Number| R282730:U8-03-(BW4030-43 l Small Entity Status Claimed [
10333-41-CON

Application Type Nonprovisional
Subject Matter Utitity

Total Number of Drawing Sheets {if any) 11 Suggested Figure for Publication {if anvy)

Filing By Reference:

Only complete this section when filing an application by reference under 35 US.C 111{) and 37 CFR 1.57(3). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be

7=

provided in the appropriate section{(s) below {i.e,, “Domestic Benefit/National Stage information” and “Foreign Priority information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and reguirements of 37 CFR 1.57(a).

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country
filed application

Publication Information:
[1 Request Early Publication (Fee required at time of Request 37 CFR 1.219)

RQCEUQS‘E Not to Publish. 1 nereby request that the attached application not be published under

35 U.8.C. 122(b) and certity that the invention disclosed in the attached application has not and will not be the
subject of an application filad in another country, or under a multilateral international agreement, that requires
publication at eighieen months after filing.

Representative Information:

Represeniative information should be provided for all practiioners having 8 power of aitorney in the application. Providing
this information in the Application Data Sheet does niot constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Represeniative Name section below. If both sections are completed the cusiomer
Number will be used for the Representative information during processing.

Please Select One: Customer Number [ (O US patent Practitioner ‘ (O Limited Recognition {37 CFR 11.8)

Customer Number 27338 167137

EFS Web 2.2.13
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Approved for use through 11/30/2020. OMB 0851-0032

U.8. Patent and Trademark Office; U.8. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to g collection of information unless it contains a valid OMB control number.

L Attorney Docket Number | R282738-08-03-(BW-1836-9  10333-41-CON
Application Data Sheet 37 CFR 1.78 —
Application Number 16/661,368

Title of Invention OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM

Domestic Benefit/National Stage Information:

This section allows for the applicant {0 either claim benefit under 35 U.S.C. 118(e}, 120, 121, 385(c}, or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference reguired by 35 U.S.C. 118(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | Pending

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number CYYYY-MM-DDY

Continuation of 139501680 2013-07-24
Prior Application Status | Expired

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number YYYY-MM-DD)

13850160 Claims benefit of provisional 61678016 2012-07-31

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant (o claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.8.C. 118(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PE)X)l the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55()(1) and (2}, Under the PDX program, applicant bears the uitimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectuai
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Application Number C‘,oumryi Filing Date (YYYY-MM-DD) ACCess Codei (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application {1) claims prionly to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[ 18, 2013,

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined under the first inventor {o file provisions of the AlA.

EFS Web 2.2.13

Page 150 CommScope Exhibit 1002



CORRECTED ADS PTOIAIA/ 4 (02-18)

Approved for use through 11/30/2020. OMB 0851-0032
U.8. Patent and Trademark Office; U.8. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to g collection of information unless it contains a valid OMB control number.

Attorney Docket Number | R282736-08-03-(BW~1038-43 10333-41-CON
Application Number 16/681,388

Application Data Sheet 37 CFR 1.78

Title of Invention OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM

Authorization or Opt-Out of Authorization to Permit Access:

VWhen this Application Data Sheet is properly signed and filed with the application, applicant has provided writien
authority to permit a pariicipatling foreign intellectual property (IP) office access {o the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPQO} access o any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not 1o provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign P office(s). Instead, Form PTO/SB/38 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign intellectual Property Office(s)

A. Priority Document Exchange (PDX} - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQ), the Japan Patent Office
{(JPO), the Korean Intellsctual Property Office (KIPO]), the Stale Intellectual Property Office of the People’s Republic of
China (SIPQ), the World Intellectual Property Organization (WIPQO), and any ofher foreign intellectual property office
participating with the USPTQ in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent gpplication is filed, access {o: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)
{1}.

the undersigned hereby grants the USPTO authority {0 provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
apphlication is filed. See 37 CFR 1.14()(2).

The applicant is reminded that the EPC's Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a Eurcpean patent application that claims prioyity to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO 1o permit a paricipating foreign 1P office access to the instant
{1 application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign 1P office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO fo transmit to the EPO any search resulis from the instant patent
[ 1 application. I this box is checked, the USPTO wili not be providing the EPO with search results from the instant
application.

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access io the
application in accordance with 37 CFR 1.14.
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Approved for use through 11/30/2020. OMB 0851-0032

U.8. Patent and Trademark Office; U.8. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to g collection of information unless it contains a valid OMB control number.

Attorney Docket Number | P282736.US.03 (DW-1039-1) 1033-41-CON

Application Data Sheet 37 CFR 1.78

Application Number 16/661,368

———————

Title of Invention OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

if the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.48. I the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who stherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

@ Assignee Q Legal Representative under 35 U.S.C. 117 O Joint Inventor

(O Person to whom the inventor is obligated to assign. (O Person who shows sufficient proprietary interest

if applicant is the legal representative, indicate the authority o file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor:

if the Applicant is an Organization check here. X

Organization Name | pou o ciame Sorbid: DALI WIRELESS, INC.

Mailing Address Information For Applicant:

Address 1 Maples-Corporate-Senvices-Lamited 535 MIDDLEFIELD ROAD
Address 2 SUITE 280
City MENLO PARK 2 ~Crang-Gay RS State/Province CA
Country } K¢ US Postal Code K¥4-3404 94025

Phone Number Faxe Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add bution.

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.

z
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Approved for use through 11/30/2020. OMB 0851-0032
U.8. Patent and Trademark Office; U.8. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to g collection of information unless it contains a valid OMB control number.

Attorney Docket Number P282739.US.03 (DW-1039-1) 10333-41-CON
Application Number 16/8661,368

Application Data Sheet 37 CFR 1.78

Title of Invention OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be inciuded on the patent
application publication. An assignee-applicant identified in the "Applicant Information” section wili appear on the patent application
publication as an applicant. For an assignee-applicant, compilete this section only if identification as an assignee is also desired on the
patent application publication.

if the Assignee or Non-Applicant Assignee is an Crganization check here. X

Drganization Name | o, o ciome Gortid. DALI WIRELESS, INC.

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1 535 MIDDLEFIELD ROAD

Address 2 SUITE 280

Ccity  MENLO PARK Go-Towa-Sr ayRe State/Provincs CA

Countryl | K¢ Us Postal Code ¥M¥A.3404 94025
Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generatad within this form by
selecting the Add bution.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). Howaver, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
aiso be signed in accordance with 37 CFR 1.14{c}.

entity (e.g., corporation or association). If the applicant is two or more joint inveniors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of altorney {e.g., see USPTO Form PTO/AIA/S1) on behalf of all joint inventor-applicanis.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature |/Jason H. Vick/ Date (YYYY-MM-DD)| 2020-07-02

First Name | Jason H. Last Name Vck Registration Number | 45285

Additional Signature may be generaied within this form by selecting the Add button.

i WWNep 2.2.13
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CORR ECTED ADS PTOAIAI 4 (02-18)

Approved for use through 11/30/2020. OMB 0851-0032
U.8. Patent and Trademark Office; U.8. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to g collection of information unless it contains a valid OMB control number.

Attorney Docket Number | P282736.US.03 (DW-1038-1) 10333-41-CON

Application Data Sheet 37 CFR 1.78

Application Number 16/861,368

Title of Invention OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is 1o file (and by the USPTO io process) an application. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.14. This
collection is estimated 10 take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time wili vary depending upon the individual case. Any comments on the amount of time you require o
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Gfficer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND T0: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

z
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1} the general authority for the collection of this information
is 35 U.S.C. 2{b){(2); {2) furnishing of the information solicited is voluntary; and (3} the prindipal purpose for which the information is used by the U.5. Patent and
Tradermark Office is to process and/or examine your submission related to a patent application or patent. i you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1 Theinformation on this form will be treated confidentially to the extent allowed under the Freedorm of Information Act {5 1.5.C. 552) and the Privacy
Act {5 US.C. 552a). Record m this system of records may be disclosed to the Departrment of Justice to determine whether the Freedom of
information Act requires disclosure of these records.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures 1o opposing counsel in the course of settiement negotiations.

3 Arecord in this system of records may be di ed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record.

4, Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C.
552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disdlosed, as a routine use,
to the international Bureau of the World intellectual Property Organization, pursuant to the Patent CooperationTreaty.

6. Arecord in this system of records may be disclosed, as a routine use, 1o another federal agency for purposes of National Security review (35 U.5.C. 181)
and for review pursuant to the Atomic Energy Act {42 U.S.C. 218(0)).

-~

A record from this system of records may be disciosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant {i.e, GSA or Commerce) directive. Such disciosure shall not be used to make determinations about
ndividuals.

8. Arecord from this system of records may be disciosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C.
122(b) or issuance of a patent pursuant to 35 U.5.C. 151, Further, a record may be disciosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referanced by either a published application, an application open to pubiic inspections or an issued patent.

)

9. Arecord from this system of records may be disciosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential violation of law or regulation.

£FS Web 2.2.13
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Approved for use through 01/31/2013. OMB 0651-06031

iJ.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information uniess it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
DAL WIRELESS, INC.

Applicant/Patent Owner:

Application No./Patent No.; 16/661,368 Filed/lssue Date; Jctober 23, 2019

Titleg: OFTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM

DAL WIRELESS, INC. 2 Corporation

{Name of Assignee) {Type of Assignee, e.g., corparation, partnership, university, government agency, &ic.)

states that, for the patent application/patent identified above, it is {choose gne of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. D An assignee of less than the entire right, title, and interest (check applicabie box):

L_J The extent {by percentage) of its ownership interestis ___%. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

E There are unspecified percentages of ownership. The other parties, inciuding inventors, who fogether own the entire
right, title and interest are:

Additional Statementi(s) by the owner(s} holding the balance of the interest must be submitied to account for the entire
right, title, and interest.

3. D The assignee of an undivided interest in the entirety {a complete assignment from one of the joint inveniors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Adgditional Statement{s} by the owner(s} holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. D The recipient, via a court proceeding or the like (e.g., bankruptey, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document{s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose gng of options A or B below):

A, E An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel JFrame , or for which a copy
thereof is attached.

B. E: A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

Shawn Patrick Stapleton and Seyed Amin Hejazi 5. DALI SYSTEMS CO. LTD.

1. From:
The document was recorded in the United States Patent and Trademark Office at
Reel 031382 , Frame 0084 , of for which a copy therecf is attached.
5 From: WALISYSTEMS CO. LTD. Tor DALTWIRELESS, INC.

The document was recorded in the United States Patent and Trademari Office at

Reei 052512 , Frame 0010 , or for which a copy thereof is attached.
[Page 1 of 2]

This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or refain a benefit by the public which is to file {and by the USPTO to
pTOveSS) an appli Sontidentiality is governed oy 35U.8.C. 122 and 37 CFR 1.11 and 1.14. This collection is ated to take 1- es to complete, including
gathering, preparing, a’ld subm ng the completed application fo'r-- to the USPTO. Time will vary depenumg upo individual ¢ Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief information Officer, U.S. Patent and Trademark
Office, 1J.8. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT 8END FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patenis, P.O. Box 1450, Alexandria, VA 22313-1450.

(\

If you need assistance in completing the form, call 1-800-PT(0-9199 and select option 2.
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STATEMENT UNDER 37 CFR 3.73(¢c}

3. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
4. From: To:

The document was recorded in the United States Patent and Trademark Office at

Resi . Frame . or for which a copy thereof is attached.

5. From: To:

The document was recorded in the United States Patent and Trademark Office at

Resl . Frame . or for which a copy thereof is attached.

&. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame . or for which a copy thereof is attached.

D Additional documents in the chain of fitle are lisied on a supplemental sheet(s).

m As required by 37 CFR 3.73(c){1)(i), the documentary evidence of the chain of title from the original owner {c the
assignee was, or concurrently is being, submittad for recordation pursuant to 37 CFR 3.11.

INOTE: A separate copy {i.e., a true copy of the original assignment document(s)) must be submittad to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned {whose litle is supplied below) is authorized to act on behalf ¢of the assignes.

fJason H. Vick/ July 2, 2020
Signature Date

Jason H. Vick 45 285

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: Shawn Patrick Stapleton ) Group Art Unit: 2646

)
Application No.: 16/661,368 ; Examiner: SAMS, MATTHEW C
Filed: October 23,2019 g Confirmation No.: 6065
Atty. File No.: 10333-41-CON g

For: OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM

AMENDMENT AFTER ALLOWANCE UNDER
37 C.F.R. 1.312

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Commissioner:;

Applicants submit this Amendment After Allowance pursuant to 37 C.F.R. 1.312in
response to the Notice of Allowance having a mailing date of April 9, 2020. While Applicants
believe that no fees are due with the filing of this response, the undersigned hereby authorizes
the charge of any fees deemed necessary to Deposit Account No. 19-1970.

An amendment may be entered after the mailing of a Notice of Allowance but prior to
payment of the issue fee upon recommendation of the primary Examiner. Therefore, it is
respectfully requested that the above-referenced application be amended as follows:

Amendments to the Specification begin on page 2 of this paper.

Remarks begin on page 3 of this paper.

1 Attorney Docket No. 10333-41-CON
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AMENDMENTS TO THE SPECIFICATION

Please amend the first paragraph of the application beneath the heading “CROSS-
REFERENCE TO RELATED APPLICATIONS”:

[0001] This application is a continuation of pending U.S. Patent Application No.

13/950,160 filed July 24, 2013, now .S, Patent No. 10,806,454, entitled “OPTIMIZATION OF
TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM”, which application claims
priority to U.S. Provisional Patent Application No. 61/678,016, filed on July 31, 2012, entitled
"OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM". The
aforementioned applications are incorporated herein by reference, in their entirety, for any

purpose.

2 Attorney Docket No. 10333-41-CON

Page 159 CommScope Exhibit 1002



REMARKS

By this amendment, the Cross-Reference to Related Applications has been updated. No
new matter is believed to be introduced by this amendment.

The Commissioner is hereby authorized to charge to deposit account number 19-1970
any fees under 37 CFR § 1.16 and 1.17 that may be required by this paper and to credit any
overpayment to that Account. If any extension of time is required in connection with the filing

of this paper and has not been separately requested, such extension is hereby petitioned.

Respectfully submitted,

SHERIDAN ROSS P.C.

Date: July 6, 2020 By: __ /Jason H. Vick/
Jason H. Vick
Reg. No. 45,285
1560 Broadway, Suite 1200
Denver, Colorado 80202
Telephone: 303-863-9700
ivick(@sheridanross. com

3 Attorney Docket No. 10333-41-CON
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INTHE UNITED STATES PATENT AND TRADEMARK OFFICE

Group Art Unit: 2646

Confirmation No.: 6065

in Re the Application of:
Shawn Patrick Stapleton

Serial No.. 16/661,368

Filed: October 23, 2019

Atty File No.: 10333-41-CON

Entitted: “OPTIMIZATION OF TRAFFIC
LOAD IN A DISTRIBUTED ANTENNA
SYSTEM”

Examiner: Sams, Matthew C

INFORMATION DISCLOSURE
STATEMENT

Electronically Submitted

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Commissioner:

The references cited on attached Form PT(0-1449 are being called to the attention of the

Examiner.
X Copies of the cited non-patent and/or foreign references are enclosed herewith,
[ Copies of the cited 1.8, patents and/or patent applications are enclosed herewith.

X Coptes of the cited U.S. patents/unpublished patent applications/patent application
publications are not enclosed in accordance with 37 CF.R. § 1.98(a).

] Copies of the cited references are not enclosed, in accordance with 37 C.F R. § 1.98(d),
because the references were cited by or submitted to the U.S. Patent and Trademark Office in
prior application Serial No. filed , which is relied upon for an
earlier filing date under 35 U.S.C. § 120,

X To the best of applicants’ belief, the pertinence of the foreign-language references are
beligved to be summarized in the aitached English transiation/abstracts and/or in the figures,
although applicants do not necessarily vouch for the accuracy of the translation.

B Examiner’s attention is drawn to the following related applications:

No. 10333-41)
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¢ Other: DALI WIRELESS, INC. v. CORNING OPTICAL COMMUNICATIONS L1LC:
1.8, District Court, for the Western District of North Carolina; Civil Action No. 3:19-cv-
00714

Submission of the above information is not intended as an admission that any item is

citable under the statutes or rules to support a rejection, that any item disclosed represents
analogous art, or that those skilled in the art would refer to or recognize the pertinence of any
reference without the benefit of hindsight, nor should an inference be drawn as to the pertinence
of the references based on the order in which they are presented. Submission of this statement

should not be taken as an indication that a search has been conducted, or that no better art exists.

Respectfully submitted,

SHERIDAN ROSS P.C.

Date: July 6, 2020 By: __/ason H. Vick/
Jason H. Vick
Reg. No. 45,285
1560 Broadway, Suite 1200
Denver, Colorado 80202
Telephone: 303-863-9700

AN S P B Ry S
{VIE ICTIQANTOLS. SO
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Substifute for form 1448A/FPTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

Complete if Known

Application Number

16/661,368

Fiting Date

October 23, 2018

First Named Inventor

Shawn Patrick Stapleton

Art Unit

2648

Examiner Name

SAMS, MATTHEWC

Sheet } 1 i of | 5 Attorney Docket Number 10333-41-CON
U.8. PATENT DOCUMENTS
Examiner | Cite | Document Number Publication Dale Name of Patentee of Pages, Columns, Lines, Where
initiais™ No.! | Number-king Codg 2 (7kiowr MM-DD-YYYY Applicant of Cited Document | Relevant Passages or Relevant
Figures Appear
1 |8858789 02-17-2015 Bauman et al.
2 1 2001/0052011 12-13-2001 Nagao
3 | 2003/0147353 08-07-2003 Clarkson et al.
4 | 2005/0153743 (7-14-2005 Berra et al.
5 12006/0199505 (9-07-2006 Halonen
& |2008/01198198 05-22-2008 Heltstedt et al.
7 1 2011/0122788 (5-26-2011 Sombrutzki et al.
8 1 2012/0039329 02-16-2012 Sun et al.
9 §2012/0038254 (2-16-2012 Stapleton et al.
10 {12012/0119772 (05-17-2012 Hirako
11 {1 2012/01498411 06-14-2012 Mivoshi et al.
12 {2012/0327788 12-27-2012 Grenier et al.
UNPUBLISHED U.S. PATENT DOCUMENTS
EX’imi?‘f Cite; Document Number F‘iling Date ) ’\13216 of ApF!icant f_—‘ac;esCoiun‘n*s1.1?13r Where
initials No.' Nummber-Kind Code 2 (kacm MM-DD-YYYY of Cited Document :<e!evdr!;:gi?z§%:\gpr; i;"elevant
13 | 61/600530 02-17-2012 i Hejazi et al.
14 | 61/669572 07-09-2012 Hejazi et al.
FOREIGN PATENT DOCUMENTS
E-xaminer Citg Foreign Patent Document Publication Dale{Name of Patentee or Fages, Colunms, T®
initials™ MNo. MM-DD-YYYY [Applicant of Cited Lines, Where
Coum_iy Code®; Number®; Kind Document Relevant
Code?® (if known} Passages or
Retevant Figures
Appear
15 P 2001-203691 A 07-27-2001 INEC CORP (Believed o
correspond to US
Publication No.
2001/0052011
cited herein)
Examiner Bate
Signature Considered

“EXAMINER: Initial if reference is considered, whether or not citation is in conformance and not considered. Include copy of this
form with next communication to applicant.
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Substitute for forn 1440A/PTC Complete if Known
Application Number 16/661,368
EMFQRMATEQN DESCL@SURE Fiting Date October 23, 2018
STATEMENT BY APPLECANT First Named Inventor Shawn Patrick Siapleion
At Unit 2648
Examiner Name SAMS, MATTHEWC
Sheet } 2 i of | 5 Attorney Docket Number 10333-41-CON
16 NP 2012-124685 A 06-28-2012 HITACHILTD (Believed 1o

correspond to US
Publication No.

2012/0149411
cited herein)
17 WO 2011/085514 07-21-2011 ALCATEL LUCENT {includes an
SHANGHAI BELL English
Transtation of the
Abstract)
18 WO 2012/024349 02-23-2012 DAL SYSTEMS CO
LD
19 WO 2014/022211 02-06-2014 DALI SYSTEMS CO
LTD

OTHER ART (Including Author, Title, Date, Partinent Pages, efc.}

Examiner Cite
initials* No.!

20 {international Search Repori for International Application No. PCT/AUS2013/052206, mailed Qclober
31, 2013 (Atlorney Ref. No. 10333-41-PCT)

21 [Written Opinion for International Application No. PCT/US2013/052206, mailed October 31, 2013
{(Attorney Ref. No. 10333-41-FPCT)

22 {international Preliminary Report on Patentability for inlernational Application No.
PCT/AS2013/052206, mailed June 11, 2015 (Attormney Ref. No. 18333-41-PCT)

23 |Examination and Search Report for UAE Application No. 125/2015, mailed November 14, 2018
{Attorney Ref. No. 10333-41-PAE)

24 {First Examination Report for Australian Patent Application No. 2013286819, mailed August 31,
2016 (Attorney Ref. No.: 10333-41-PALL

25 Seocond Examination Report for Australian Patent Application No. 2013296819, mailed June 7,
2017 (Attorney Ref. No.: 10333-41-PAL)

28 |Notice of Acceptance for Ausiralian Palent Application No. 2013296819, mailed August 16, 2017
{Altorney Ref. No.: 10333-41-PAL)

Examiner Bate

Signature Considered
“EXAMINER: Initial if reference is considered, whether or not citation is in conformance and not considered. Include copy of this
form with next communication to applicant.
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Substitute for forn 1440A/PTC Complete if Known
Application Number 16/661,368
EMFQRMATEQN DESCL@SURE Filing Date October 23, 2019
STATEMENT BY APPLECANT First Named Inventor Shawn Patrick Siapleion
At Unit 2648
Examiner Name SAMS, MATTHEWC
Sheet } 3 i of | 5 Attorney Docket Number 10333-41-CON

27 iFirst Examination Report for Australian Pateni Application No. 2017268613, mailed February 8,
2018 (Attorney Ref. No.: 10333-41-PAU-DIV)

28 |English Translation of First Office Action for Chinese Patent Application No. 201380040757.7,
mailed April 12, 2017 (Attorney Ref. No. 10333-41-PCN)

29 {First Office Action (including Translation) for Eurasian Patent Application No. 201500184, mailed
November 7, 2016 (Attorney Ref. No. 10333-41-PEA)

30 {Second Office Action (Including Translation) for Eurasian Patent Application No. 201500184,
mailed November 7, 2018 (Attorney Ref. No. 10333-41-PEA)

31 [European Search Report for European Application No. 13825612.8, mailed June 24, 2016
{Attorney Ref. No. 10333-41-PEP)

32  {Office Action for European Application No. 13825612.8, mailed March 8, 2017 (Atlorney Ref. No.
10333-41-PEP)

33 [Office Action for European Application No. 13825612.8, mailed August 7, 2018 (Attorney Ref. No.
10333-41-PEP)

34 {intent to Grant for European Application No. 13825612 .8, mailed December 20, 2019 {Atiormey
Ref. No. 10333-41-PEP)

35 {European Search Repori for European Application No. 20172204.8, mailed May 20, 2020
(Attorney Ref. No. 10333-41-PEP-DIV)

38 {Substantive Examination Report (Including Translation) for Indonesian Application No.
PO0201500998, mailed May 30, 2018 (Attorney Ref. No.: 10333-41-PID)

37 {Office Action {Including Translation) for israel Patent Application No. 236631, mailed September
24, 2017 (Attorney Ref. No. 10333-41-PIL)

38 |MNotice of Acceptance for Israel Patent Application No. 236631, mailed June 4, 2018 (Attorney Ref.
No. 10333-41-PiL)

36 {First Examination Report (Including Transiation)} for indian Patent Application No.
244/CHENP/2015, mailed September 27, 2019 (Attorney Ref. No. 10333-41-PIN)

40 |Notice of Reasons for Refusal {including Translation) for Japanese Patent Application No. 2015-
525473, mailed August 28, 2017 (Attorney Ref. No. 10333-41-PJP)

41 {Decision to Grant a Patent (Including Translation) for Japanese Patent Application No. 2015-
525473, mailed June 18, 2018 (Attorney Ref. No. 10333-41-PJP)

42  {Notification of Reason for Refusal (Including Translation) for Korean Application No. 10-2015-
7004047, mailed June 19, 2019 (Atforney Ref. No. 10333-41-PKR)

Examiner Bate

Signature Considered
“EXAMINER: Initial if reference is considered, whether or not citation is in conformance and not considered. Include copy of this
form with next communication to applicant.
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Substitute for forn 1440A/PTC Complete if Known
Application Number 16/661,368
EMFQRMATEQN DESCL@SURE Filing Date October 23, 2019
STATEMENT BY APPLECANT First Named Inventor Shawn Patrick Siapleion
At Unit 2648
Examiner Name SAMS, MATTHEWC
Sheet } 4 i of | 5 Attorney Docket Number 10333-41-CON

43 iNgtice of Allowance (including Translation) for Korean Application No. 10-2015-7004047, mailed
April 10, 2020 (Attorney Ref. No. 10333-41-PKR)

44  |Substantive Examination Report Adverse Report for Malaysian Patent Application No.
PI12015000254, mailed March 7, 2019 (Attorney Ref. No. 10333-41-PMY)

45  {ritten Opinion for Singapore Application No. 11201500770U, mailed January 8, 2018 (Altorney
Ref. No.: 10333-41-PSG)

46 [Office Action for US Application No. 13/950,160, mailed February 24, 2015 (Atiormney Ref. No.
10333-41)

47 {Office Action for US Application No. 13/850,180, mailed July 1, 2015 (Attorney Ref. No. 10333-41)

48 {Office Action for US Application No. 13/950,160, maiied February 2, 2016 (Atlorney Ref. No.

10333-41)

49 [Office Action for US Application No. 13/850,160, mailed August 8, 2016 (Altorney Ref. No. 10333-
41)

50 {Office Action for US Application No. 13/¢58,160, mailed March 30, 2017 (Attomey Ref. No. 10333-
41)

51 {Office Action for US Application No. 13/858,180, mailed September 28, 2017 (Altorney Ref. No.
10333-41)

52 {Office Action for US Application No. 13/850,160, mailed August 27, 2018 (Attorney Ref. No.
10333-41)

53 {Notice of Allowance for US Application No. 13/950,160, mailed July 24, 2019 (Atlorney Ref. No.
10333-41)

54 iDocuments filed with U.S. District Court Proceedings for DALI WIRELESS, INC. v. CORNING
OPTICAL COMMUNICATIONS LLC; U.S. District Court, for the Westem District of North
Carolina; Civil Action No. 3:18-cv-007 14; Includes documents filed from December 30, 2019 -
January 8, 2020, Dockel Nos. 1-6, (87 pages)

55 Documents filed with U.S. District Court Proceedings for DALI WIRELESS, INC. v. CORNING
OPTICAL COMMUNICATIONS LLC; U.S. District Cour, for the Westemn District of North
Carolina; Civil Action No. 3:19-cv-00714; Includes documenis filed from April 30, 2020 - May 27,
2020; Docket Nos. 7-21; (265 pages)

58  iDocuments filed with U.S. District Court Proceedings for DALI WIRELESS, INC, v. CORNING
OPTICAL COMMUNICATIONS LLC; U.S. Distiict Court, for the Wastern District of North
Carolina; Civit Action No. 3:18-cv-00714; Includes documents filed on June 185, 2020; Docket Nos.
22-23; {124 pages)

Examiner Bate

Signature Considered
“EXAMINER: Initial if reference is considered, whether or not citation is in conformance and not considered. Include copy of this
form with next communication to applicant.
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Substitute for forn 1440A/PTC Complete if Known
Application Number 16/661,368
EMFQRMATEQN DESCL@SURE Filing Date October 23, 2019
STATEMENT BY APPLECANT First Named Inventor Shawn Patrick Siapleion
At Unit 2648
Examiner Name SAMS, MATTHEWC
Sheet } 5 i of | 5 Attorney Docket Number 10333-41-CON

57 iDocuments filed with U.S. District Court Proceedings for DAL WIRELESS, INC. v. CORNING
OPTICAL COMMUNICATIONS LLC; U.S. District Court, for the Western District of North
Carolina; Civil Action No. 3:18-cv-00714; Includes documents filed from June 29, 2020 - July 6,
2020; Docket Nos. 24-25; (149 pages)

Examiner Date
Signature Considered

“EXAMINER: Initial if reference is considered, whether or not citation is in conformance and not considered. Include copy of this
form with next communication to applicant.
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1START

$401 DETERMINING THE NUMBER OF RELAY UES
5403 CALCULATING THE MEAN PERCENTAGE OF
RELAY UES

$405 ACCORDING TO THE CALCULATED MEAN
PERCENTAGE OF RELAY UES, DETERMINING THE
SYSTEM BANDWIDTH FR WHICH WILL BE
DISTRIBUTED TO RNS, AND DISTRIBUTING THE REST
SYSTEM BANDWIDTH FE TO ENB;

5407 DETERMINING THE FURTHER SCHEDULING OF
RNS AND ENB TO THE DISTRIBUTED FR AND FE
BASED ON THE REINFORCED PFS ALGORITHM

2 END

(57) Abstract: A method for inter-cell interference coordination (ICIC) in a
relay-assisted network is provided in the present invention, and in the relay-
assisted network, user equipments (UE) are divided into macro UEs which
are directly serviced by base stations, and relay UEs which are indirectly
serviced by the base stations through relay nodes. The method includes the
following steps: calculating the mean percentage of relay UEs, wherein the
mean percentage of relay UEs is the mean percentage of the number of re-
lay UEs serviced by a single relay node in the cell to the total number of
UESs; according to the calculated mean percentage of relay UEs, determin-
ing the system bandwidth to be distributed to the relay nodes, and distribut-
ing the rest system bandwidth to the base station; and determining the fur-
ther scheduling of the relay nodes and base station to the distributed system
bandwidth based on the scheduling algorithm. An equipment for inter-cell
interference coordination ICIC in the relay-assisted network is also provid-
ed in the present invention.
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ARABH MR, A B UE BRI BB B RS A% UE 2 d oh 455 5 A
BN ARSI 4% UE, FTd it B T bR, 8P4k UE th, B prd Ty
Tk UE EGR/NX ISR dh1 S TR S B9 4k UE $0E 5 T UE %A [P E
b RIEFTHEEFEI AL UR W, M ESmA TS SNRLWE, HEHL
HIRGIH ST AR a0l s DA YA B S ool P 4k 35 S A0 S50 3 F BT A IR0 R 4
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Hh Sk A B B AR e v T/ X TR TP il O 07 v e £

BRI
5 AR BB R IE S RA T TSR &, TR, W RTE R4k g
B M 45 kAT D K A R B T A B

HRBR
EXHAS 2k (OFDMA) B S = A4 iR i (3GPPLTE) #%
10 AETFF—REFZWEIREO TATERTFEOBR (S S. Sesia, 1. Toufik, and M.
Baker, “LTE - the UMTS long term evolution: from theory to practice,” Wiley Press,
2009, ZELL—FFBIAERNS ). OFDMA TG4k F B YR 7 Bo AN S /N K 9 TR AL T
EH KRG . AT, BEERESRE SR ETRRE TR A OFDMA
FREOTEE. BT, A NDMXIETFH, REESHTEBEFREE (RRM) 2+
15 BEK.

HEl, FEEELUTEMEEADMXEFP ACIM) BIEAR: 1) FHENLL, 2)
FIWE %, 3)T 1A (& )L M. Rahman, H. Yanikomeroglu, and W. Wong, “Interference
avoidance with dynamic inter-cell coordination for downlink LTE system,” Proc. IEEE
WCNC’ 09, April 2009, FEM—FHFIAIERNSH)., RN, FHEVAIFEE NAER

20 ERRETIE, TFILEBRAEEWE VS R, Bk LAY A 77 SOX AT R B B R
FE AT BR A DA ST B A P 48 ME B B TR B A A 3GPP LTE FR&F RIS HY ICIM J7
KEKEADREFHIA ACIC) FARETWE 1 Frair BURREA (FFR)
JR#E. FFR ZEEASH, K Ra%H#& (UB) SRAH MR H.0 UE
25 WINEFIE TR (—EME, SE/NK L UE R CEMIR—H 5
SRE) X LAELZE/NR %% UE BUIEIRELYT M B (eNB) fEHIHITHERARAIZZ R L 2R AT
HHA. R, ETFEREE OLERTITHRThREHT e TITEREERERT
(CQD MERA, HETRN TR B EMNMRERNERIE, RETE LTE FK
BAREE LIRS # T ATRE B ShR 5, X478 FFR 34-F ICIC RIEHE TR L.
30 YA, ¥ LTE 1 LTE-A w2 333 £ Bhh S BOR BT T 38, R R FIAT 3GPP
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i 9 K EBGARA(Z: L 3GPP TR 36.814, “Further Advancements for E-UTRA Physical
Layer Aspects,” v1.2.1, June 2009, TELL—3FFIANEASHE). ERRBHRET, &
A~ UE AT AESIER B0 7 1 eNB SRk s (RND. B ENRKALHEE RN, /»
XiZ1%k UE & LARIG sk B BRS RN BIRE I E S DI X6, HRERERNAK

5 FROSREREIEAR eNB EMThRMAIEMN T, FFR 7€ LTE FRIAH. &ET LAFE5EM
TAEKH.

RUPAE
h T IRRELE BR AR R R, AR BIHR T 7R o Ak % Bh I 45 R #EAT /N A
10 ¥ ICIC M T =R ¥ % .
WIRARBEK— T, BT —FhrE o gk B N 4 h BT /DX Al TP i ICIC
HITT35E, FEFTR AR ARGHBI ML, PR & UE RIS i Bl B RS RO ZZ UE A
22 by R 4k A A ER R RS B R 4k UE, TR EFE L TR, B FH 4k UE
Eb, HHEFTASFH 4k UE LhR/NR A B AN 46715 s BT R SS RO R 4k UE 0B S BT
15 UE #HMTFHE S RI\BHTHERFH 4 UB I, HEESBRETHT AHNRR
W, FERFRNRG N RTINS PR T A B RER 0 2 P 4 S AR X
TR R G B Rk — R .
Phideth, BT IR BE SRR KT 28 iR B8 A TR 7S B8 3% A 38 58 EL ) PR B SRR
Hor, LA P2 SRS S S IS FE S R G F RAHELIERT Y.
20 Hames— S lERNSBRaRE. ET 8 BRGNS R ERE R X+
GRS — AR, AR BT I R Ge SRt — 2B > Bo gy R 4k UE RO
5. BT ENERINEE — IR EL B A SR BE Sk,

min{ R, (©), Ri e (O}
’
Ripyer (1)

R, t RREEES], Rw® RRA % UE m RN AT SRR,  Roo O mst
25  XPE—EIE%ET fP 4k UB m ROFRSE S PRSI, LUK R, () R4k UE m
(A B R
R S R R A BT T TR LA A TR B Sl U A X
EERSROSE TRV, DA SRR BT 4 BRI B GEH SE B — 5 YIRS %k UE A eP k[ R4k
B AR AR S . TR SSTER A R R ) A PR BE A ik

»n le t
30 M, () = arg max _R;nﬂ ® ) ___;_'MQ ,
nly Raver (f) Ra'ser (t)

M ,.(t) = arg max
m
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He, tFRREZES], R, () FRRE UEn KN A SZHFHIEERE, R, () BREXT
B IR % &7 1% UE n BIRE0R T MRESER, Ry, () RonF 4k UB m FTxT MH
EIFREE B AP, LR Ry, () RANFBE T W 4882 v 28 A B R4 ) ek ZY I R B

5 ZTERESE, RIEMEIA UE BT RS EMEER, ¥ UE 294k UE
B UE.

R AR A B —J5H, REET —Fh o 4k BY M 45 Fh 347 /N X (8] TP ICIC
&, EFTRT RGBS, M7 & UE $5RI0 4 i EEu B RS K UE f
LT R AR RS P4 UE, FridR&aiE. HEE, AT iHEFY
10 R4k UE th, HApridFishgt UE W /DX A i th 4855 s RS i 4k UE
H&BTE UE $ERSPIE L HWRE, FATREMIFERFYF4k UE th,
EHESIEPRT ARG, IPERRORGT B OO URRREE,
R T BE B S 8 T 4T R RN X T BT IR RGE 7 B — B R
LIk, Fridk i B BRI T G i 3% BA F RS B 3R i35 58 bL ) A BE B
15 ForR, SrEOgE R RO R GEH SRR 2 BRSSPI R GE T T8 AR L IEAT Y.
it AR REAE. F—RAEKE, ATETEERNE AP REEERITE
EExS R 4R SR E — I EEVEN,  DARE R BT A C R R Gl 38— 2B legA 4k UE [
WEILSES . BT LR — G TR B AR BB,

min {Ri'::.\'l (t): RI;Zﬁfer (t)}
’
Rgi\er (t)

20  H, tFREERS], RO RRBGE UE m BN T SRR,  Rae O R4t
S 3 — B} A8 8 7 1P 4K UE m (8 BB B P RG-S, AR R, () T 4% UE m
F) 9 2 B b 22
FrdREREE AR $RERE, FATET S TR AT SR
SRS RN S TR, ULR W BT A IR M R G S — 25 A MR e UE Mgk
25  ERREERMEREVLES. BT RS R A R B,

i R{m t
M, = arg max{ le'l ® lmp( ) } ,

M, (#) = arg max

b Rgver (t) ' Rc[;(»’ver(t)
Hr, t RIRIFEIES], R, ()FA%E UEn KIBEN A ST E30HR R, R), () BoErst
F—f A% 87 1% UE n WIs BB P IREGHZE, Ry, () RaF 4 UE m B3R
Bl 5E M I ER, PAK R, () FRARFERET 4R 28 1 28 FA ZIIR 75 00 etk B B F2 5% %

30 =, :
ZRELARE, HERKE, ATREXATN UE XBEFRMEFBEAEER, ¥
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5E UE &% 4k UE i &% UE,

AR IS e GR BN W45 I LTE TATHERM AR5, 120 T —FhsF) F A8 5 B 18
SRZY PFS BERIHTHIET FFR B ICIC 7758 7EiZ FFR B, BN REHT RSN
WA IER#5, — AT H eNB HERSEHZE UE, H—MNAFH/DXiAE% RN RS
fI 4% UE. BT 4k UB B IEA BLERATE RN £, b RN 55 R EERThER;
ZEMU, FHTF%E UE WREETTLLHE eNB S, B yXE®RERAT /MR PL
UE . iZIME R 73 H N RELE eNB AT ZIEHIZIRE, TRIEHE A LI, Wit
RIEZETH UB SCBEAINL 258 3 a4k UE M3 E . 4kTiR¥E BT 8 i 3 Th 4k
UE LLFARE 4k UE BIRIE, LABHTEEHSRE. MK, 7T 4R B FFR HE,
R T R E LS N %5 8 b 4k 2 b BRIRAS 3G 5R AL PEFS,  BUSRGL—Fh i yE A A
BT AR LB IR R T 4k A R R R AU B

et P B

SEEL, FKARERFEEITE . FRAERIE R08 A DUF 3 T2 & B 1 =l R
PRSI BRI PRl IR AR EAnVE 4, HoP.

B 1R T ARYE AR B 7S R S0 B S B B FFR B

Bl 2 7~ W TR AR 0 7S R S A D v 4k A Bh AR SR R

B 3 78 H T ARYE A A B 75 I S0 B /N X ) B 1 8 8 - B 5 M AE I

B 4 7 W T RRAE A I 75 T SE A B /0N X D) TR B R D R R Y R R

B 5 7n T ARYEA R B 2 B SERE ) B 22 /N DX 7S 0 T8 B9 AT R LA S A R 1 3T )

a7

B 6 78 T IR A K B 7R B SE M) B9 LTE FDD "R AT #E RIS 44,

B 7 75 Y T AR AR PR 7R R A SE M) B S BRSBTS s AR

B 8 7R M T MRIE AR B - B SE M) AU T FRR 9 ICIC 7 SR B L BIG A
F AR T7 2

RS a W E, XA KB SEEOET R . 7R R SE )
LTE RGN H), ERAFHHEARN AN LIRM, REANTEEIFARTI, ZrEkE
SEHEE R TRk B i, RO EE R AR W om0 T S0 2 52 B B AR fT BR ), R4 A
FAT A< R B SEHE] 8 7 Se3TE N R B IR S E Y
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AR BASR T —FR BT A AT X P GG Bh g B W 45 R N R AJ TR ICIC A4Sk
WS FFR 7. AR PMIHEABER, BT P4k UE KBRS IERT %
VESTE FIZ I ER Eb ) A TR E (PFS) EILEIARIE AR, kB4 eNB & RN
BN RN ) F3E, HEREU T EERILA:
5 (1) FEPNR B LHF P A
(2) BEFNNXFRIFE UE 2 4F3K: BB eNB WRFARS K UE #KA
% UE; LAKEZE RN 688 eNB R4 1 UE #8844k UE;
YN RGN 73 AP IERR FHH, B140 Fe 0 Fr, H T Fe #5-Ti45 eNB,
JtHh eNB B4 F A PFS 43 Bi4s % UE FA 4k[EF2 (backhaul) #E#5: LAK Fr #AHN M
10 ZIdgs RN, FE RN &4 FIH PFS £ ER4s 4% UE. IXFERIRISRIE T 76 eNB 55 RN
Z A T
(4) &% o i B /N DCREE AR [F) ST & 43, BN, Fe WTLAEHBTH iR eNB £,
DA& Fr AJ LA BT RN B /. BT Fe AT/ X0 UE, BT ISR 448 eNB 1
FIRIDZZE N FREME eNB HIESThE. R, BATMER/NXE RN FH4aF 7
15 DUHEZMEEN, BN RN EFIEEERAEREE (RN BEHIIZRE eNB M1EH

ESSEEDE
(5) Fr MEE5¥H 4k UE WRIELL, FF B UEFEAT 7R LS 457
HT P SRS A UL AT 5

(6)F¥rh 4k UE EhZ B RN FTIRS 4k UE $0H HEBANK P UE B3
20 BHHPHESH, B4, BREMEKTY UE $EBRUAME UE A EHRUE
FlE B RN #0H . BB NE RS MARE UE B8, AT E S A REERN RN
#H, M RN WA RS A REE B4 UE. AT 8% P+ 4k UE th, —X
M, ¥4k UE HHSLH Un OGN T RN RELMEE eNB: H—HH, @il
X2 #0, FERFER eNB PEAIAS#h4k UE $tH . AIREAR N RN SR, Un %
25 MR Rn5 eNBZEBE:N; K& X2 DR eNB 5 eNB 2 HIEED;
(7> AT RSFAZFFR FR, BESERETHE PF HE (PFS) HikM,
I S P B AT RS R R 5N B VR SR IRAF LR, AT SEILEE INIE & 1 W3 U5
pal 8
Z0E 3, B 3 R T HRIE AR R M S A X R TR R & 300 R4
30 MKER. Wl 3 FTR, ASRETHRPIEES 300 A% WHEEE 301, BTFUEFS
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W4k UE e, 3 /R Brid P34k UE L2 /MR B ED RN FTARS-A0+ 4% UE $0H S BT
H UE HHWFHEL,: SHEE 303, ATREMTERNTLF44 UE b, fEE
SR RN FRSEWH R, HERKNARET RIS eNB: HERE 305, ATET
AR LU 45 4 S8 B 09923k A I RN Al eNB ST BT 2 BC B R G575 s it — 2B R
5 ZAEREE 305 BiE: F—EEEE CRryH), BATETE MR PFS Hikk
W RN M E—FEL R, DRSSO RS W mt— Pt h4k UE B9
BEhsed: UARBEAEREE CGRORH)D, BATFETEHE TR PFS HiEkiHH eNB 4
ME_—AELER, eI INRSETEHE—P0mE R UE AP 4k B F2 85 1)
WERSEH, H, FrRsE—FI5 158 PFS BE KT S a8 A TIREHE .
10 Ak, ANKEFHPI IR & 300 B 7 AEIFRBEETHEKE 301 ZATHHESRE
(Rnt), FFRIEZETA UE KB RSB AEGFE R, #E UE 24k UE &
2% UE, LUMERfE+4k UE FEH .
UTSRE 4-7, STRYEA R HRN R SL G 0/ X 8 FHh i 7 s T,
RSB, LA LTE FDD FAT4Es M), 7T AERME, ARREAIRFIL,
15 TWRWUNATEE LM
B 5 R RO B T 2/ NR NI AR R AR Y iR R 40 aniEl 5 BT, 1E
FANPNRIDLATLAERE, B, P4 RN. UL LTE FDD R4A %), #ZiH, LTE FDD
REFHEAN TATEEBRMIK 10ms, B35 20 MEEH 0.5ms BIRTER, FRidH 0-19, 40
El 6 Fizm. W FiE SChBANESLR BT B, Eorh il i SR RR 21 R0 2i+1.

20 7E 10MHz RS 5 BT, EEAFWIRFEE RS 50 MWEE RS (PRB).
RSP 25 A UE 399 TG /NK R, FARTE 24 378 & 10 UE SSBE07 58 ()1,
BB XKW T IhE ., BEREERS) DAL SEAE, HeNB B RN Z—
FB% . WRTFTR, BH#EH eNB BRS5H UE #Ry% UE, i RN [E#H eNB REH
UE #k4 74% UE.

25 TEPUR 401 W, TAEZBERE LT UE KB RS BEREFR, TE UE
R4k UE iI& 2% UE, LME#E 4 UE MEE .

WJE, B RNED Un 801 eNB &4k UE £, FE8E X2 BEOEANR
i) eNB P EAEAZ#e 1% UE S<BtE B (IR 4k UE # B ).
FED IR S403 v, BT EE 301 WESFH P4k UE L.
30 FELBR S405 F, TEEE 303 RIEFT P R4 UE t, BEEDTS RN
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KARSGH T, HBERRRETEHICL eNB.

Blhn, (R ey, Fih, & RN E#E#BRS 3 4~ UE, BI,
4 UE, (HHILATSnEHS4: UE ek 3/25=12%), BAKEE eNB H#E RS 19 4~ UE
FEk, WLURIEEY R4 UE t 12%, BENRIEW RO N LT HAES: Fr, 1-6
A~ PRB; DL Fe, 7-50 A~ PRB, B, ¥Hi 12%0 % B4 L4 RN LRSS T 4k UE,
AR K T8 4% BT YRS IR 44 eNB LAMERRS- T %% UE FIrF 2R EIFR 8RS, WE 7 B,

T B VR B S AR B R PR (O1ERE, bk, ACREIR T8 PFS, &
IR REHE N PR B R B 2R BAFDIRAS 1) B SRS %08, AT SEILEINIE & 1)
BEIRS3C o

ZE I8 8407 FF, EEEE 305 HF 58 PFS H vk E RN 1 eNB Xf T 71 BodE
& 303 Fi4rEeit Frfl Fe Mt—F R E .

EARPE, 7RSI8 S407 FF, B —EEEERETHE R PFS HiERITHE RN
AhE SRS R, AR I BT 43 IE I R 4o Ta it — 2P S Bl g T 4k UE R B SE 4
BTREHEEETHE IR PFS BVAKIME oNB ALmE HESR, LIS RKATY
BE 0 R GeH SE 0 — 35 0 R 48 % UE N eh Sk IR e MR BE R Se k. P,

1) SEILEE—E5E PFS Bk FAEMERIAR (1) — (3) 4.

&%) Fr U 945 PRB 1 RN PFS, A B0 58 4 K
min {Ri’)':st ®, R};'I'lﬂkr (t)} ( 1 )
Rover (®)

aver

M ,.(t) = arg max
m

e, t2EEZERS], R () RTPYUE mEBFR o] SCEESPREE, AR, ) BRI
T RUEATEHAETX H— B A & - R 4EUE m 038 8 P IR &5 &

R™ (t+1)= {(l —T)RN, () + 7 -min{ R}, (¥), Rl'z’:,ﬂer 4}, %1\4’, =m (2)
(A =1)Rzer (D, M () #m
o BAK Ritg, () R EEUE miHAEE S22, e 0
Rl gor () = UE mP 51055 [Q\FUE}‘F}E(M Eb i g BT (3)

HAr, TTI%F lms, B, — APl amem. JidH 20k s g sl s
JiR 55 RIN 4k i 2 4% 088 BA B4 B — 2 e 8 G2 s BA S BN B I B o

SRAHAFE PFS ﬁﬁwwzargmax}{:_fw% AL, s 2 B TSR Hh A P 00 5 4

aver )

VEMIZE R T UE ZhsiRas, MBS T LAZS M2 h 23K A UE.
2) I IR PFS SEM TEMRIAR (40 M (5) Bl
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B ¥ eNB AbHE S E AR E TC R A E! (infinitely-backlogged model),
R RREY, 41%X) Fe S B4 RPB ALK eNB PFS, ZEG IS EF, HE
I 6 R U O

7 Rln (¢
M ,(¢) = arg max M,—,’mﬂ(—) 4>
b | Riyer (1) Reyer(8)

5  He, tRpREEES], R (1)FRE UEn FIGRE AT SCFHIEEE, R, () RpEXT
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FIELD OF THE INVENTION

[002] The present invention generally relates to wireless communication

systems employing Distributed Antenna Systems (DAS) as part of a

distributed wireless network. More specifically, the present invention relates

to a DAS utilizing one or more remotely monitored and controlled digital

access units configured to assign particular packet transmissions to selected

ones of a plurality of remote units, which can in some embodiments be

configured in a daisy-chained rings.

BACKGROUND OF THE INVENTION

[003] Wireless and mobile network operators face the continuing challenge

of building networks that effectively manage high data-traffic growth rates.
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Mobility and an increased level of multimedia content for end users requires
end-to-end network adaptations that support both new services and the
increased demand for broadband and flat-rate Internet access. One of the
most difficult challenges faced by network operators is maximizing the
capacity of their DAS networks while ensuring cost-effective DAS
deployments and at the same time providing a very high degree of DAS

remote unit availability.

[004] In order to provide DAS network capacity which is high enough to

meet short-term needs of network subscribers in specific locations yet also
avoid costly and inefficient deployment of radio resources, DAS network
planners prefer to employ DAS architectures and solutions which provide a
high degree of dynamic flexibility. Therefore, it would be advantageous for
wireless network operators to employ a DAS solution which has a high
degree of flexibility to implement dynamic rearrangements based on ever-
changing network conditions and subscriber needs. Also, the more future-

proof a DAS deployment can be, generally the lower its life cycle cost.

[005] DAS network planners and system integrators employ a wide range of

innovative approaches for helping to ensure that a particular DAS
deployment is as cost-effective as possible. The types of costs considered
by network planners and integrators include DAS deployment or DAS
installation cost, as well as operational costs including maintenance costs,
emergency restoration costs and network re-arrangement costs.
Rearrangement costs are particularly significant for indoor DAS applications,
due to frequent changes in building use and facility needs changes.
Therefore, it would be advantageous to employ DAS systems and methods

which are based on as few DAS transport facilities as possible to minimize
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installation and/or lease costs and have self-healing capabilities to avoid the

need for costly emergency restoration services.
[006] In order to obtain a high degree of DAS remote unit availability, two

primary conditions must be satisfied. First, the DAS remote unit itself must

5 be inherently reliable. Second, the transport media e.g., optical fiber, must
be very reliable. It is well known that electronic and/or optical connections
themselves are a significant root cause of failure or reduced availability in a
DAS network. Companies who maintain outdoor DAS networks have
reported that a failure of outside plant optical fiber facilities is not as rare as

10 would be desirable. Therefore, it would be advantageous to employ systems

and methods which offer higher redundancy and/or self-healing features in

the event of failure of a transport media connection.

SUMMARY OF THE INVENTION

15

[007] The present invention substantially achieves the advantages and

benefits discussed above and overcomes the limitations of the prior art
discussed above by providing a distributed antenna system responsive to
one or more base stations and having at least one but in some embodiments
20 a plurality of Digital Access Units (“DAU’s”), each operating to control the
packet traffic of an associated plurality of Digital Remote Units (“DRU’s”). In
embodiments employing multiple DAU’s, the DAU’s can be daisy-chained
linearly or in a ring configuration. Likewise, depending upon the
implementation, the DRU’s associated with a given DAU can be configured in

25 either a linear or ring Daisy chain configuration.
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[008] The data received from the base stations is down-converted, digitized

and converted to baseband with the DAU. The data streams are then I/Q
mapped and framed and independently serialized, such that multiple data
streams are available in parallel from the DAU. In at least some
5 embodiments, the DAU communicates with the associated DRU’s via an
optical transport arrangement. It will be appreciated by those skilled in the
art that, using the present invention, it is possible to configure a distributed
antenna system having n base stations, each providing m RF outputs for
transmission by one or more associated DAU’s to o DRU’s, where the only
10 limits are imposed by the technical performance specifications of the

particular DAS, such as delay.

[009] By the use of a ring configuration for connecting, in at least some

embodiments, the DRU’s and/or the DAU’s, fault tolerance is built into the
system, with resulting high availability. In single DAU embodiments, each

15 DRU is accessible through two paths, and therefore remains available even
in the event of a line break. In multi-DAU embodiments, where the DAU’s
are linearly daisy-chained, each DRU is accessible from multiple DRU’s such
that even some DAU failures will not prevent system operation. In
embodiments employing a ring connection for the DAU’s, multiple paths exist

20 to each DAU, and thus provide an additional level of fault tolerance as well
as dynamic load balancing and resource management as discussed in

greater detail hereinafter.

[0010] Thus, the configuration of the advanced system architecture of the

present invention provides a high degree of flexibility to manage, control,
25 enhance and facilitate the radio resource efficiency, usage, availability, and

overall performance of the distributed wireless network. The present
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invention enables specialized applications and enhancements including
Flexible Simulcast, automatic traffic load-balancing, network and radio
resource optimization, network calibration, autonomous/assisted
commissioning, carrier pooling, automatic frequency selection, radio

5 frequency carrier placement, traffic monitoring, traffic tagging, and indoor
location determination using pilot beacons. The present invention can also
serve multiple operators, multi-mode radios (modulation-independent) and
multi-frequency bands per operator to increase the efficiency and traffic

capacity of the operators’ wireless networks.

10 [0011] Further the present invention provides a high degree of dynamic

flexibility, supports dynamic re-arrangements, and provides a low life cycle
cost. This advanced system architecture enables deployment of DAS
networks using fewer DAS transport facilities to reduce costs, while providing
self-healing features. The present invention also offers redundancy and

15 enhanced system availability.
[0012] Itis an object of the present invention to provide Flexible Simulcast

capabilities, as disclosed in U.S. Provisional Application S.N. 61/382,836,
entitled “Remotely Reconfigurable Distributed Antenna System and Methods,”
filed September 14, 2010, incorporated herein by reference and attached as
20 Appendix A, in a high-availability ring configuration using, for example,
optical fiber transport. As discussed above, the ring configuration insures
that a break in any optical fiber cable will not shut down the daisy-chained
network, because the downlink and uplink signals can be rerouted around

the cable break to the respective DRUs.

Page 235 CommScope Exhibit 1002



WO 2012/024349 PCT/US2011/048004

[0013] Itis a further object of the present invention to balance the

bidirectional data rate on the optical fibers so as to increase the maximum

achievable data rate during operation on the ring network of DRUs.

[0014] Itis a further object of the present invention to provide higher transport

5 network capacity in the event the data transport is asymmetrical between the

downlink and uplink, as is typically the case for mobile broadband networks.

[0015] Itis a further object of the present invention to provide an adaptive
and automatic control for optimizing the transport media capacity on the ring.

[0016] It is a further object of the present invention to provide a method of

10 summing co-channel users’ uplink signals in the DRU daisy chain.

[0017] Applications of the present invention are suitable to be employed with
distributed base stations, distributed antenna systems, distributed repeaters,
mobile equipment and wireless terminals, portable wireless devices, and
other wireless communication systems such as microwave and satellite

15 communications. The present invention is also field upgradable through a
link such as an Ethernet connection to a remote computing center.

[0018] Appendix | is a glossary of terms used herein, including acronyms.

THE FIGURES
[0019] Further objects and advantages of the present invention can be more
20 fully understood from the following detailed description taken in conjunction
with the accompanying drawings in which:
[0020] Figure 1 is a block diagram according to one embodiment of the

invention showing the basic structure and an example of a unidirectional,
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channelized downlink transport, one ring scenario based on having one DAU
and four DRUs.
[0021] Figure 2 is a block diagram in accordance with an embodiment of the
invention showing the basic structure and an example of a unidirectional,
5 channelized uplink transport, one ring scenario based on having one DAU
and four DRUs.
[0022] Figure 3 is a block diagram in accordance with an embodiment of the

invention showing the basic structure and an example of a unidirectional,
channelized uplink transport, two ring scenario based on having one DAU

10 and eight DRUs.

[0023] Figure 4 is a block diagram in accordance with an embodiment of the
invention showing the basic structure and an example of a unidirectional
channelized uplink or downlink transport. This example of a five ring scenario
comprises two DAUs and twenty DRUs.

15 [0024] Figure 5 illustrates an embodiment of a cellular network system
employing multiple DRUs according to the present invention.

[0025] Figure 6 illustrates an embodiment of a multi-band system employing
six different services operating in different frequency channels with multiple
DRUs according to the present invention.

20 [0026] Figure 7 illustrates in block diagram form the interaction between the

DAU embedded software control module and the DRU embedded software

control module.

[0027] Figure 8 illustrates in block diagram form an embodiment of a DAS

according to an aspect of the invention, including daisy-chained DAU’s.
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DETAILED DESCRIPTION OF THE INVENTION

[0028] The present invention is a novel Reconfigurable Distributed Antenna

5 System that provides a high degree of flexibility to manage, control, re-
configure, enhance and facilitate the radio resource efficiency, usage and
overall performance of the distributed wireless network. Figure 1 illustrates
an embodiment of the Distributed Antenna System 100 in accordance with
the present invention. The system employs a Digital Access Unit

10 functionality 105 (hereinafter “DAU”). The DAU 105 serves as an interface
between associated base stations (BTS) 110A-B and a plurality of digital
remote units (DRU) 125A-n, although only four DRU’s are shown in Figure 1.
In the present description, “DRU” will be used interchangeably with Remote
Radio Head Unit, or “RRU”, because of the similarity of the functions

15 discussed herein, although those skilled in the art will recognize that a DRU
communicates with a DAU, whereas an RRU communicates with a base
station. In addition, those skilled in the art will recognize that a DAU is
monitored and controlled by a remote network operations center (“NOC”), as
indicated at bidirectional link 115 in Figure 1. Such links are typically

20 Ethernet connections or external modems, but can be any form of link
suitable for remote monitoring and control. The NOC has the capability to
remotely configure the DAU parameter settings which in turn configures the
DRU’s parameter settings. The NOC can request information from the DAUSs.
The DAUs can subsequently request information from the DRUs. The

25 information requested includes but is not limited to uplink power, downlink

power, optical error rate, gain settings, active carriers, etc.
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[0029] For the downlink (DL) path, RF input signals 120A through 120n are

received at the DAU 105 from one or more base station units (BTS) indicated
at 110A through 110p. The RF input signals are separately down-converted,
digitized, and converted to baseband (using a Digital Down-Converter) by the
5 DAU. Data streams are then 1/Q mapped and framed and specific parallel

data streams are then independently serialized and translated to optical
signals using pluggable SFP modules, again by the DAU 105. The
independently serialized, parallel data streams are then delivered to different
DRU’s 125A-125k, typically over optical fiber cable arranged, in at least

10 some embodiments, in a ring configuration indicated at connection pairs
140A-145A, or, in other embodiments, a daisy chain configuration. In
addition, each DAU can support a plurality of rings with associated DRU’s,
where the additional rings are indicated by fiber optic pairs up through 1400-
1450. . It will be appreciated by those skilled in the art that the number of RF

15 inputs, DAU’s and DRU'’s and rings is limited only by network performance
factors, such as delay. In addition, as discussed in connection with Figure 4
herein, the DAS can be further extended by using a ring or daisy-chain of
DAU’s, each of which supports an arrangement of DRU’s and rings as shown

in Figure 1.

20 [0030] One function of the DAU 105 is to determine the direction in which

downlinked channels are propagated around the ring. As just one example,
the embodiment shown in Figure 1 is configured to have downlink channels
A, B, C and D propagate in a first direction, for example clockwise, and
channels E, F, G, and H propagate in the counter direction, although it will be
25 understood that the number of channels propagating in each direction need

not be equal, nor adjacent, nor sequential. Likewise, the number of channels

10
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received at each DRU is assigned by the DAU and need not be equal,
adjacent or sequential, but instead will typically be any configuration that

optimizes network utilization.

[0031] Referring next to Figure 2, an embodiment of an uplink (UL) path in

5 accordance with the invention can be better appreciated. Channels received
at the antenna associated with each DRU are converted into optical signals
by each DRU 125A-125k. Optical signals received from the DRU’s are de-
serialized and de-framed by the DAU 105, and are also up-converted digitally
using a Digital Up-Converter implemented within the DAU 105. Each data

10 stream is then independently converted to the analog domain and up-
converted to the appropriate RF frequency band, still within the DAU 105 in
the illustrated implementation, although this functionality can be separate.
The RF signals are then delivered to the appropriate one of a plurality of BTS’
110A-110p. As with the arrangement shown in Figure 1, the direction of

15 propagation of each channel is controlled by the DAU, with some channels
propagating in a clockwise direction and others in a counterclockwise
direction. Also as discussed in connection with Figure 1, while adjacent
channels are shown as propagating in the same direction in Figure 2, this is
not required and any channel can be selected to propagate in either direction.

20 [0032] Referring again to Figure 1, it will be appreciated by those skilled in
the art that, in some implementations of a DAS, more than one carrier can
exist in each channel, and, as such, a DRU may receive a channel
comprising a signal containing two or more carriers, or a wireless operator
may have more than one RF carrier per channel allocated to a single base

25 station. This is referred to as a “composite signal”. The manner in which a

composite downlink signal is managed by the present invention can be better

11
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understood with reference to Figure 1. In such instances, the DAU will
receive a composite downlink input signal 130 from, e.g., a first base station
110A belonging to one wireless operator, enters the DAU 105 at the RF input
port 120A. Composite signal 130 comprises carriers A-D. A second
composite downlink input signal from e.g., a pth base station 110p belonging
to the same wireless operator enters DAU1 at the DAU1 RF input port 120n.
Composite signal 135 comprises carriers E-H. The functionality of the DAU
105, and DRU’s 125A-125k, respectively, are explained in detail in U.S.
Provisional Application S.N. 61/374,593, entitled “Neutral Host Architecture
for a Distributed Antenna System,” filed August 17, 2010, incorporated herein

by reference and attached hereto as Appendix B.

[0033] One optical output of DAU 105 is fed to DRU 125A, via bidirectional

optical cable 140A. A second optical output of DAU 105 is fed via
bidirectional optical cable 145A to DRU3. Similarly, bidirectional optical
cables 150, 155 and 160 connect DRU’s 125A-n in a ring configuration, such
that DRU 125A connects to DRU 125B via cable 150A, DRU 125B connects
to DRU 125n via cable 150B, and DRU 125k connects to DRU 125C, or the
kth-1 DRU, via cable 150m. This connection facilitates networking of DAU
105, which means that all of Carriers A-H are available within DAU 105 to
transport data to DRU’s 125A-k depending on software settings within the
networked DAU system. Depending upon the embodiment, the software
settings within DRU 125A are configured either manually or automatically,
such that carriers A-H are present in the downlink output signal 155A at the
antenna port of DRU 125A. The presence of all eight carriers means that
DRU 125A is potentially able to access the full capacity of both base stations
feeding DAU 105. A possible application for DRU125A is a cafeteria in an

12
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enterprise building during the lunch hour where a large number of wireless

subscribers are gathered.

[0034] DRU 125B is fed by a second optical port of DRU 125A via

bidirectional optical cable 150A. The optical cable 150A performs the

5 function of daisy chaining DRU 125A with DRU125B. As with DRU 125A, the
software settings within DRU 125B are configured either manually or
automatically such that Carriers A, C, D and F are present in downlink output
signal 155B at the antenna port of DRU 125B. The capacity of DRU 125B is
set to a much lower value than DRU 125A by virtue of its specific channel

10 settings as controlled by DAU 105. The individual Digital Remote Units have
integrated frequency selective DUCs and DDCs with gain control for each
carrier. The DAU’s can remotely turn on and off the individual carriers via the

gain control parameters.

[0035] In a similar manner as described previously for DRU 125A, the

15 software settings within DRU 125C are configured either manually or
automatically such that Carriers B and F are present in downlink output
signal 155C at the antenna port of DRU 125C. Compared to the downlink
signal 155B at the antenna port of DRU 125B, the capacity of DRU 125C,
which is also configured via its software settings, is much less than the

20 capacity of DRU 125B. DRU 125n is fed by the optical cable 150m
connected to the second optical port of the n-1 DRU, shown for simplicity in
Figure 1 as DRU 125C. The software settings within DRU 125n are
configured either manually or automatically such that carriers A, D, E and H
are present in downlink output signal 155D at the antenna port of DRU 125n.

25 Typically, the capacity of DRU 125n is set to a much lower value than DRU

125A, however, the relative capacity settings of each of DRU’s 125A-n can

13
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be adjusted dynamically to meet the capacity needs within the coverage
zones determined by the physical positions of antennas connected to those
DRU’s. As noted above, the ring connection is completed by interconnecting
DRU 125B and DRU 125n through optical cable 150B. The ring configuration
5 insures that any optical cable breaks will not shut down the daisy chained
network. The downlink and uplink signals will be rerouted around the cable

break to the respective DRUs.

[0036] The present invention facilitates conversion and transport of several

discrete relatively narrow RF bandwidths. This approach allows conversion

10 of only those multiple specific relatively narrow bandwidths which carry useful
or specific information. This approach also allows more efficient use of the
available optical fiber transport bandwidth for neutral host applications, and
allows transport of more individual operators’ band segments over the optical
fiber. As disclosed in U.S. Provisional Application S.N. 61/374593, entitled

15 “Neutral Host Architecture for a Distributed Antenna System,” filed August 17,
2010 together with U.S. Provisional Application S.N. 61/382,836, entitled
“Remotely Reconfigurable Distributed Antenna System and Methods”, filed
September 14, 2010, both assigned to the assignee of the present invention,
and also referring to Figure 1 of the instant patent application, Digital Up

20 Converters located within the DRU can be dynamically reconfigured as the
result of commands from the NOC to transport from the DAU input to any
specific DRU output any specific narrow frequency band or bands, RF
carriers or RF channels which are available at the respective RF input port of
either DAU. This capability is illustrated in Figure 1 where only specific

25 frequency bands or RF carriers appear at the output of a given DRU. More

specifically, through commands received from the NOC, the FPGA’s in the

14
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DAU and one or more of the associated DRU’s can be reprogrammed or

reconfigured to convert and transport only the desired narrow bandwidths.

[0037] A related capability of the present invention is that not only can the

Digital Up Converters located within each DRU be configured to transport
any specific narrow frequency band from the DAU input to any specific DRU
output, but also the Digital Up Converters within each DRU can be
configured to transport any specific time slot or time slots of each carrier from
the DAU input to any specific DRU output. The carriers and time slots are
monitored by the DAU by filtering the signals and performing power detection
of the individual time slots, which information can be conveyed to the NOC
as desired. Then, as with the Digital Up Converters, the Field Programmable
Gate Arrays (FPGA) in the DAU or DRU can be dynamically reconfigured by
commands received from the NOC in a manner analogous to software
programmability. The DAU detects which carriers and corresponding time
slots are active. This information is relayed to the individual DRUs via the
management control and monitoring protocol software. This information is
then used, as appropriate, by the DRUs for turning off and on individual

carriers and their corresponding time slots.

[0038] Data transport between the Base Station and the subscribers is
typically asymmetrical, whereby the downlink data rate is higher than the
uplink rate. The ring network configuration of Daisy Chained DRUs can
exploit this data rate asymmetry to maximize the data transport on the optical
fibers 150A-150m.

[0039] The present invention balances the bidirectional data rate on the

optical fibers so as to increase the maximum achievable data rate on the ring

network of DRUs. The individual downlink channels are transmitted in a

15
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unidirectional sense along the ring network. Referring to Figure 1, downlink
channels A, B, C, and D are transmitted in a clockwise sense around the ring
of DRU’s 125A-k. On the other hand, downlink channels E, F, G and H are
transmitted in a counterclockwise sense around the ring of DRU’s. Referring

5 to Figure 2, the uplink channels J, K, L and M are transmitted in a
counterclockwise sense whereas uplink channels N, O, P and Q are
transmitted in a clockwise sense around the ring of DRUs. If the downlink
and uplink data rates were the same, there would be no advantage in the
transport mechanism. However, if the data transport is asymmetrical

10 between the downlink and uplink then a significant advantage can be gained.
For example, for a factor of two difference between the downlink and uplink
data rates, a 4/3 factor increase in data transport can be achieved. The
larger the asymmetry between the downlink and uplink data rates, the larger
will be the increase in data transport using the unidirectional channel

15 transport mechanism around the ring.

[0040] Referring again to Figure 1, a further embodiment in accordance with

another aspect of the present invention may be better understood. In the
event that there is a significant change in asymmetry between the downlink
and uplink data rates and/or if there is a change in channel complement at

20 the BTS, the Management Control module [discussed in connection with
Figure 7 herein] which is typically comprised within each DAU is able to
automatically and adaptively re-allocate data transport resources on the
clockwise direction of the ring and on the counter-clockwise direction of the
ring to maximize the overall transport capacity. As stated previously, the

25 larger the degree of asymmetry between uplink and downlink data rates for a

particular DAU, the higher the increase in data transport using the

16
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unidirectional channel transport mechanism around the ring. If there is more
than one DAU present, in an embodiment one DAU is designated a Master
DAU by the NOC, and the Management Control module located in the
Master DAU makes decisions to optimize the overall transport capacity. In
the event the master DAU fails, the NOC can designate another DAU as

master. Alternatively, any suitable failover algorithm can be implemented.

[0041] Referring to Figure 3, an alternative embodiment of the present

invention wherein a single DAU controls a plurality of rings, each comprising
a plurality of daisy-chained DRU’s, can be better understood. In Figure 3,
two daisy-chained rings, indicated at 300 and 305, are shown although the
number of rings could be greater and is determined mainly as a matter of
design preference up to limits imposed by network performance. The rings
each link a plurality of DRU’s 310A-n and 315A-m, to a single DAU 320.
The directional flow of the data transport is shown as the dashed lines 325
and dotted lines 330. The downlink channels available from the plurality of
DRU’s are divided into two subsets which flow in opposite directions around
the two daisy-chained rings. The uplink channels are transported in a similar
fashion. The channels are grouped into the two subsets so as to maximize
the data transport to and from the DRUs. The DAU in turn communicates

with one or more BTS’s via RF Ports 335A-p.

[0042] Heuristic algorithms may be used to allocate RF channel data in a

Dual-ring DAS. For Figure 3, there are two fibre rings R1, R2 (clockwise and
counter clockwise) and a set T of n=2 independent RF channels Ki, 1<isn
(including uplink and downlink). A channel Ki requires a bandwidth of b(K/) to
transport on a fibre ring. A time-bounded algorithm exists which obtains a

schedule having the optimal bandwidth allocation (i.e. the maximum

17
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aggregate bandwidth of each ring is as small as possible). A large number of
advanced heuristic algorithms have been developed to solve such
scheduling optimization problems. Some examples are genetic algorithm,
evolutionary algorithm, greedy search, Tabu search, harmony search,

5 simulated annealing, ant colony optimization, etc. For purposes of simplicity
and clarity, a simple heuristic algorithm for two rings is described here,
although the number of rings is not limited to two.

[0043] The algorithm begins by sorting the channels Ki decreasingly by

bandwidth b(K/). Then it schedules the channel in such a way that each
10 channel is assigned to the ring which has the smaller aggregate bandwidth.

The formal description of the algorithm follows.
[0044] Input: T = set of nindependent channels Ki with required bandwidth
b(Ki), 1<i<n.
[0045] Output: L1 Lz and D1, D2. Lj is the set of channels schedule on ring
15 Rj, and D;is the maximum aggregate bandwidth of ring Rj, Dj = (> b(J),
Jely), 15/=2..

[0046] ALGORITHM (T, L, D)
[0047] Step 1 (initialize Ki and D1, D2) Sort Ki such that b(K/) < b(Kis), 1=/
<n-1.D1«—0,D2 0.
20 [0048] Step 2 (Schedule a channel)
[0049] Fori=1ton, step 1 do
[0050] If D4 <Dy, then[assign Kionto Ly D1« Ds +b(K/)].

[0051] else [ assign Kionto Ly Dy < Do + b(Ki) ] .

18
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[0052] Referring next to Figure 4, a still further an alternative embodiment of

the present invention may be understood. The arrangement illustrated in
Figure 1 comprised downlink signals from two separate base stations
belonging to the same wireless operator entering the DAU 105 at input ports
110A and 110p, respectively. In the embodiment of Figure 4, a first
composite signal enters a first DAU 400 at that DAU’s RF input port from a
base station 405, and a second composite downlink input signal from, e.g., a
second base station 410 belonging to a different wireless operator enters
DAU 415 at that second DAU’s RF input port. DAU 400 directly supports two
rings 420 and 425, DAU 415 directly supports two rings 430 and 435, and a
ring 440 is shared between DAU 400 and DAU 405. Each of the rings
comprises daisy-chained DRU’s generally indicated at 445 and connected
via, for example, fiber optic links, as discussed in connection with Figure 1. It
will be noted that channels A are transported in the opposite sense as
channels B. The downlink channels in subset A are transported
counterclockwise around each ring, whereas the channels in subset B are
transported in a clockwise sense around each ring. In this embodiment,
signals belonging to both the first operator and the second operator are
converted and transported to the DRU’s 445 on ring 440 because DAU 400
and DAU 405 are daisy-chained through the fiber optic cable 440. This
embodiment provides an example of a neutral host wireless system, where
multiple wireless operators share a common infrastructure comprised of DAU
400, DAU 415, and DRU’s 445. All the previously mentioned features and
advantages accrue to each of the two wireless operators. It will further be
appreciated that, while Figure 4 illustrates only two DAU'’s linked in daisy-

chain style, it is possible to daisy chain a larger plurality of DAU’s, and the
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daisy-chained DAU’s can also be configured in a ring configuration similar to
the manner in which the DRU’s are connected. This arranged is illustrated in

Figure 8, below.

[0053] Asdisclosed in U.S. Provisional Application S.N. 61/374,593, entitled

5 “Neutral Host Architecture for a Distributed Antenna System,” filed August 17,

2010 and again referring to Figure 1 of the instant patent application, the
Digital Up Converters present in the DRU’s of the present invention can be
programmed to process various signal formats and modulation types
including FDMA, CDMA, TDMA, OFDMA and others. Also, the Digital Up

10 Converters present in the respective DRUs can be programmed to operate
with signals to be transmitted within various frequency bands subject to the
capabilities and limitations of the system architecture disclosed in U.S.
Provisional Application S.N. 61/374593, mentioned above. In one
embodiment of the present invention where a wideband CDMA signal is

15 present within, e.g., the bandwidth corresponding to a first carrier at the input
port to DAU 105, the transmitted signal at the antenna ports of DRU 125A,
DRU 125B and DRUk will be a wideband CDMA signal which is virtually
identical to the signal present within the bandwidth corresponding to that first

carrier at the input port to DAU 105.

20 [0054] As disclosed in U.S. Provisional Application S.N. 61/374,593, again

identified above, and also referring to Figure 1 of the instant patent

application, it is to be understood that the Digital Up Converters present in

the respective DRUs can be programmed to transmit any desired composite

signal format to each of the respective DRU antenna ports. As an example,
25 the Digital Up Converters present in DRU 125A and DRU 125B can be

dynamically software-reconfigured as described previously so that the signal

20
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present at the antenna port of DRU 125A would correspond to the spectral
profile shown in Figure 1 as 155A and also that the signal present at the
antenna port of DRU 125B would correspond to the spectral profile shown in
Figure 1 as 155B. The application for such a dynamic re-arrangement of
DRU capacity would be e.g., if a company meeting were suddenly convened
in the area of the enterprise corresponding to the coverage area of DRU

125B.

[0055] Referring again to Figure 2, another embodiment of the Distributed

Antenna System of the present invention can be better understood. As
disclosed in the aforementioned U.S. Provisional Application S.N. 61/374,593,
and also as shown in Figure 2, the optical ring transport mechanism can be
implemented with regard to uplink signals. As discussed previously with
regard to downlink signals and by referring to Figure 1, the uplink system
shown in Figure 2 is mainly comprised of DAU 105, together with DRU’s
125A-125k. In a manner similar to the downlink operation explained by
referring to Figure 1, the operation of the uplink system shown in Figure 2

can be understood as follows.

[0056] The Digital Down Converters present in each of DRU’s 125A-k are

dynamically software-configured as described previously so that uplink
signals of the appropriate desired signal format(s) present at the receive
antenna ports of the respective DRU’s 125A-125k are selected based on the
desired uplink band(s) to be processed and filtered, converted and
transported to the appropriate uplink output port of DAU 105. The DAU and
DRUs frame the individual data packets corresponding to their respective
radio signature using the Common Public Interface Standard (CPRI). Other

Interface standards are applicable provided they uniquely identify data

21
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packets with respective DRUs. Header information is transmitted along with
the data packet which indentifies the DRU and DAU that corresponds to the

individual data packet.

[0057] In one example for the embodiment shown in Figure 2, DRU’s 125A

and 125C are configured to receive uplink signals within the Channel K
bandwidth, whereas DRU 125B and DRU 125n are both configured to reject
uplink signals within the Channel K bandwidth. When DRU 125C receives a
strong enough signal at its receive antenna port within the Channel K
bandwidth to be properly filtered and processed, the Digital Down Converters
within DRU 125C facilitate processing and conversion. Similarly, when DRU
125A receives a strong enough signal at its receive antenna port within the
Channel K bandwidth to be properly filtered and processed, the Digital Down
Converters within DRU 125A facilitate processing and conversion. The
signals from DRU 125A and DRU 125C are combined based on the active
signal combining algorithm, and are fed to the base station connected to the
uplink output port of DAU 105. The term simulcast is frequently used to
describe the operation of DRU125A and DRU 125C with regard to uplink and
downlink signals within Channel K bandwidth. The term Flexible Simulcast
refers to the fact that the present invention supports dynamic and/or manual
rearrangement of which specific DRU are involved in the signal combining

process for each Channel bandwidth.

[0058] Referring still to Figure 2, the Digital Down Converters present in DRU

125A are configured to receive and process signals within Channel J-Q
bandwidths. The Digital Down Converters present in DRU 125B are
configured to receive and process signals within Channel J, L, M and O

bandwidths. The Digital Down Converters present in DRU 125C are

22
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configured to receive and process signals within Channel K and O
bandwidths. The Digital Down Converters present in DRU 125n are
configured to receive and process signals within Channel J, M, N and Q
bandwidths. The respective high-speed digital signals resulting from
processing performed within each of the four DRU are routed to the DAU. As
described previously, the uplink signals from the four DRUs are combined

within the respective DAU corresponding to each base station.

[0059] In summary, the Reconfigurable Distributed Antenna System of the

present invention described herein efficiently conserves resources and
reduces costs. The reconfigurable system is adaptive or manually field-
programmable, since the algorithms can be adjusted like software in the

digital processor at any time.

[0060] Referring next to Figure 5, a alternative embodiment of the present

invention may be better understood. Each DRU has a coverage radius that
can be adjusted based on the power transmission from that particular remote
unit. The DAU controls the various DRU’s transmission power and can
optimize the overall coverage zone. In the illustrated embodiment, DAU 502,
again under the control of a NOC (not shown), is associated with a base
station 501 and in turn interfaces with three DRU’s 503, 504 and 505. A user
506 with a mobile device is provided relatively uniform coverage throughout

the area covered by the three DRU’s.

[0061] Referring next to Figure 6, a still further alternative embodiment may

be better appreciated. The input frequency bands 605-630 (here denoted as
six frequency bands at 700, 800, 850, 1900, 2100 and 2600 MHz) are input
into the DAU 600 from the BTS’s (not shown). The DAU includes, among

other functionalities discussed herein, an RF IN portion for each band, and a

23
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digital distribution matrix for distributing the frequency bands to a plurality of
DRU'’s, indicated as DRU1-DRUG0, daisy-chained along three separate rings
635, 640 and 645 for achieving the desired coverage. The frequency bands
are transported to either all or a subset of DRUs. The particular number of
frequency bands, DAU’s, DRU’s and rings is exemplary only, and can, in
practice, be any number appropriate to the performance capabilities and

needs of the network.

[0062] Referring next to Figure 7, the software embedded in the DAU and

DRU, which controls the operation of keys functions of these devices, can be
better understood. In particular, the DAU embedded software control module
700 comprises a DAU Management Control Module 705 and a DAU
monitoring module 710. The DAU Management Control Module 705
communicates with the NOC 715, and also the DAU monitoring module 710.
One such key function is determining and/or setting the appropriate amount
of radio resources (such as RF carriers, CDMA codes or TDMA time slots)
assigned to a particular DRU or group of DRUs to meet desired capacity and
throughput objectives. As noted previously, the NOC 715 monitors the DAS
operation and sends commands to the DAU’s for configuring various

functions of the DRU’s as well as the DAU, in at least some embodiments.

[0063] The DAU Monitoring module, in addition to other functions, detects

which carriers and corresponding time slots are active for each DRU. The
DAU Management Control module communicates with the DRU Embedded
Software Control module 720 over a fiber optic link control channel via a
control protocol. In an embodiment, the control protocol comprises headers
together with packets of data, such that both control information and data are

transmitted to the DRU’s together as a message. DRU functions or features

24
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that the header would control in the DRU are typically implementation
specific and can include, among other things, measuring uplink and downlink
power, measuring gain of uplink and downlink, and monitoring alarms in the

DRU.

5 [0064] In turn, the DRU Management Control module 725 within the DRU

Embedded Software Control Module sets the individual parameters of all the
DRU Digital Up-Converters 730 to enable or disable specific radio resources
from being transmitted by a particular DRU or group of DRUs, and also sets
the individual parameters of all the DRU Digital Down-Converters 735 to

10 enable or disable specific radio resources from being transmitted by a
particular DRU or group of DRUs. In addition, the DRU Embedded Software
Control Module comprises a DRU Pilot Beacon Control Module 740, which

communicates with a DRU Pilot Beacon 745.

[0065] Referring next to Figure 8, an embodiment of a daisy-chained

15 configuration of DAU'’s is illustrated, together with a daisy-chained
configuration of DRU’s. In an embodiment, a plurality of base stations 800A-
800n are each associated with one of DAU’s 805A-n. The DAU’s are daisy-
chained, and each DAU communicates with one or more daisy-chains 810A-
810m of DRU’s which may or may not be arranged in a ring configuration. It

20 will be appreciated that the DAU’s can also be configured in a ring

configuration, as discussed above.

[0066] An algorithm operating within the DAU Monitoring module which

detects which carriers and corresponding time slots for each carrier are
active for each DRU provides information to the DAU Management Control
25 module to help identify when, e.g., a particular downlink carrier is loaded by a

percentage greater than a predetermined threshold whose value is

25

Page 254 CommScope Exhibit 1002



WO 2012/024349 PCT/US2011/048004

communicated to the DAU Management Control module by the DAU’s
Remote Monitoring and Control function 715. If that occurs, the DAU
Management Control module can adaptively modify the system configuration
to begin to deploy, typically although not necessarily slowly, additional radio
5 resources (such as RF carriers, CDMA codes or TDMA time slots) for use by

a particular DRU which need those radio resources within its coverage area.
At the same time, usually the DAU Management Control module adaptively
modifies the system configuration to begin to remove, again typically slowly,
certain radio resources (such as RF carriers, CDMA codes or TDMA time

10 slots) for use by a particular DRU where that DRU no longer needs those

radio resources within its coverage area.

[0067] Although the present invention has been described with reference to

the preferred embodiments, it will be understood that the invention is not
limited to the details described thereof. Various substitutions and

15 modifications have been suggested in the foregoing description, and others
will occur to those of ordinary skill in the art. Therefore, all such substitutions
and modifications are intended to be embraced within the scope of the

invention as defined in the appended claims.

20
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What is Claimed is:

1. A method for routing and switching operator RF signals comprising

providing one or more remote radio units, each configured to receive one or

5  more downlink radio frequencies and to transmit one or more uplink radio

frequencies,

providing at least one digital access unit configured to communicate with at
least some remote radio units,

linking in a loop configuration the one or more remote radio units and the at

10 least one digital access unit whereby each remote radio unit can be accessed in

either direction around the loop, and

routing and switching packetized signals among the one or more radio units

and the at least one digital access units.

15
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OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA
SYSTEM

CROSS-REFEREMNCES TO RELATED APPLICATIONS

5 [8663] This application claims priority to U.S. Provisional Patent Application No.
61/678,016, filed on July 31, 2012, entitled "Optimization of Traffic Load in a Distributed
Antenna System,” the disclosure of which is hereby incorporated by reference in s entirety
for all purposes.

10 SUMMARY OF THE INVENTION

[0862] The present invention generally relates to wireless communication systems
employing Distribated Antenna Systerns {DAS) as part of a distributed wireless network,
More specifically, the present invention relates to a DAS utilizing traffic monitoring and
optimization. Wireless network operators faces the continuing challenge of buiiding

1S unetworks that effectively manage high data-traffic growth rates. Mobility and an increased
fevel of multimedia content for end users typically employs end-to-end network adaptations
that support new services and the increased demand for broadband and flat-rate Internet
access. One of the most difficult challenges faced by network operators is caused by the
physical movement of subseribers from one location to another, and particularly when

20  wireless subscribers congregate in large numbers at one location. A notable example is a
business enterprise facility during lunchtime, when a large mumber of wireless subscribers
visit a lunch room or cafeteria location in the building. At that time, a large number of
subscribers have moved away from their offices and usual work areas. 1t's likely that doring
hunchtime, there arc many locations throughout the facility where there are very few

25 subscribers. If the indoor wireless network resources were properly sized during the design
process for subscriber loading as it s during normal working hours when subscribers are in
their normal work areas, it is very likely that the lunchiime scenario will present some

unexpected challenges with regard to available wireless capacity and data throughput.

(88631  According to an embodiment of the present invention, a system for dynamically
30 vouting signals in a Distributed Antenna System is provided. The system inclodes a plarality
of Digital Access Units (DAUs). The plurality of DAUs are coupled and operable to route

signals between the plurality of DAUs. The system also includes a plurality of Digital

i
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Remote Units (DR Us) coupled to the plurality of DAUs and operable to transport signals
ctween DR1Us and DAUSs. The system farther includes one or more Base Transceiver

Stations (BTSs) and one or more traffic monitoring unifs.

[6604] According to another embodiment of the present invention, a system for
dynamically routing signals in a Distributed Antenna System is provided. The system
includes a phurality of Diigital Access Units (BAUs). The plurality of DAUSs are coupled and
operable 1o route signals between the plurality of DAUSs. The system also includes a plurality
of Drigital Remote Units (DRUs) coupled to the plurality of DAUs and operable to transport
signals between DRUs and DAUs and a plorality of Base Transceiver Stations (BTS). The
systemn further inclades a plarality of traffic monitoring modales and a network optimization

goal and optimization algorithm.

168651 In an cmbodiment, a system for dynamically routing signals in a Distributed
Anxntenna System is provided and includes a plurality of Digital Access Units (BAUs). The
plurality of DAUs are coupled and operable to route signals between the plarality of DAUS.
The systerm also includes a plurality of Digital Remote Units (DR Us) coupled to the plurality
of DAUSs and operable to transport signals between DRUs and DAUSs and one or more Base

Transceiver Stations (BTSs). The system further includes a traffic monitoring unit.

[6886] Numerous benefits are achieved by way of the present invention over conventional
techniques. For example, embodiments of the present invention provide for traffic
monitoring in a DAS network, improving network performance and user experience. These
and other embodiments of the invention along with many of its advantages and features are

deseribed in more detail in conjunction with the text below and atrached figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[0867] FIG. | is a block diagram according to one embodiment of the invention showing
the basic structure and an example of the transport routing, traffic monitoring and network
optimization based on having a single 3 sector BTS with 3 DAUSs and 7 DRUs daisy chained

together for each cell.

[6008] FIG. 2 15 a block diagram according to one embodiment of the invention showing
the basic structure for a frequency reuse pattern of N=1 and an example of the transport
routing, traffic monitoring and network optirnization based on having a single 3 sector BTS

with 3 DAUs and 7 DRUs daisy chained together for each cell.

2
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[6869] FIG. 3 15 a block diagram according to one embodiment of the invention showing
the basic structure and an example of the ransport routing, traffic monttoring and network
optumization based on having multiple 3 sector BTSs with 3 DAUs and 7 DRUSs daisy

chained together for each cell. In this embodiment, multiple three sector base stations are

n

connecied to a daisy chained DAS network.

(881067 FIG. 4 is a block diagram of a Digital Access Unit {DAU), which contains Physical
Nodes, a Local Router, and Port Traffic Monitoring capability according to an embodiment

of the present invention.

[081F} FIG. 5 15 a block diagram of a Digital Remote Unit (DRU), which contains Physical
16 Nodes, a Remote Router, and Port Traffic Monitoring capability according to an

embodiment of the present invention.

(6812} FIG. 6 depicts a typical topology where multiple Local Routers are interconnected
with multiple Remote Routers along with Tratfic monitoring and Network Optimization

functionality according to an embodiment of the present invention.

1S 8813} FIG. 7 depicts a typical topology where multiple Local Routers are interconnected
with multiple Remote Routers along with Traffic monitoring at each Picocell and Network

Optimization functionality according to an embodiment of the present invention.

[6814] FIG. 8 depicts a typical topology where nmltiple Local Routers are interconnected
with multiple Remote Routers along with Traffic monitoring at each Picocel] and Network

20 Optimization functionality according to an embodiment of the present invention,

[6615]  FIG. 918 a simplified flowchart illustrating a method of optimizing the DAS

network according to an embodiment of the present invention.

j8i6]  FIG. 10 is a simplified flowchart ilfusirating a method of calculating KPls and Qo8

for a DAS network according to an embodiment of the present invention.

25 {8817} FIG. 11 15 a simaplified flowchart dlustrating an optimization algorithrn according to

an ecmbodinent of the present invention .

DETAILED DESCRIPTION OF THE INVENTION
[6818] To accommodate variations in wireless subscriber loading at wireless network
30 antenna locations at various times of day and for different days of the week, there are several

candidate conventional approaches.

G
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[6819} One approach is to deploy many low-power high-capacity basc stations throughout
the facility. The quantity of base stations is determined based on the coverage of each base
station and the total space to be covered. Each of these base stations is provisioned with

enough radio resources, i.¢., capacity and broadband data throughput to accommodate the

n

maximum subscriber foading which occurs during the course of the workday and work week.
Although this approach typically yields a high quality of service for wireless subseribers, the
notable disadvantage of this approach is that many of the base stations’ capacity is being
wasted for a large part of the time. Since a typical indoor wireless network deployment
imvolves capital and operational costs which are assessed on a per-subscriber basis for each
I3 base station, the typically high total life cyele cost for a given enterprise facility s far from

optimal.

[662¢] A second candidate approach involves deployment of a DAS along with a
centralized group of base stations dedicated to the DAS. A conventional DAS deployment
falls into one of two categories. The first type of DAS 18 “fixed”, where the system

15 configuration doesn’t change based on time of day or other information about usage. The
remote units associated with the DAS are set up during the design process so that a particular
block of base station radio resources is thought to be enough to serve each small group of
DAS remote units. A notable disadvantage of this approach is that most cnterprises seom to
undergo frequent re-arrangements and re-organizations of various staff groups within the

20 enterprise. Therefore, it’s highly likely that the initial DAS setup will need to be changed
from time to time, requiring deployraent of additional direct staff and contract resources with

appropriate levels of expertise regarding wireless networks.

[6621} The sccond type of DAS is equipped with a type of network switch which allows

the location and quantity of DAS remote units associated with any particular centralized base

[\
W

station to be changed mavnually. Although this approach would appear to support dynamic
DAS reconfiguration based on the needs of the enterprise or based on time of day, it
frequently implies that additional staff resources would need to be assigned to provide real-
time management of the network. Another issue is that #'s not always correct or best to
make the same DAS rerote unit configuration changes back and forth on cach day of the

30 week at the same times of day. Frequently it is difficult or impractical for an enterprise IT
manager to monitor the subscriber loading on each base station. And it is almost certain that
the enterprise I'T manager has no practical way to determine the loading at a given time of

day for cach DAS remote unit; they can only guess the percentage loading.
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(6822} Another major limitation of conventional DAS deployments is related to their
instailation, commissioning and optimization process. Some challenging issues which must
he overcome include selecting remote unit antenna focations {0 ensure proper coverage while
minimizing downlink interfercnce from outdoor macro cell sites, mintmizing uplink

S interference to outdoor macro cell sites, and ensuring proper intra-sysiem handovers while
indoors and while moving from outdoors to indoors (and vice-versa). The process of
performing such deployraent optimization s froquently characterized as trial-and-crror.

Therefore, the resulis may not be consistent with a high quality of service.

[6623] Based on the conventional approaches described herein, it is apparent that a highly

8 efficient, easily deployed and dynamically reconfigurable wireless network ts not achievable
with couventional systems and capabilitics. Erobodirnents of the present invention
substantially overcome the limitations of the conventional approach discussed above. The
advanced system architecture provided by embodiments of the present invention provides a
high degree of flexibility to manage, control, enhance and factlitate radio resource efficiency,

15 usage and overall performance of the distributed wireless network., This advanced system
architecture enables specialized applications and enhancements including, but not limited to,
flexible simulcast, automatic traffic load-balancing, network and radio resource optimization,
network calibration, autonomous/assisted coramissioning, carrier pooling, automatic
frequency selection, radio frequency carrier placement, traffic monitoring, and/or traffic

20 tagging. Embodiments of the present invention can also serve multiple operators, multi-mode
radios (modulation-independent) and nmultiple frequency bands per operator to increase the

officiency and traffic capacity of the operators” wircless networks.

(6624} Accordingly, embodiments of this architecture provide a capability for Flexible

Simulcast. With Flexible Simulcast, the amount of radio resources {such as RF carriers, LTE

[\
W

Resource Blocks, CDMA codes or TDMA time slots) assigned to a particelar DRU or group
of DRUs can be sct via software control to meet desired capacity and throughput objectives
or wireless subscriber needs. Applications of the present invention are suitable to be
employed with distributed base stations, distributed antenna systems, distributed repeaters,
mobile equipment and wircless terminals, portable wireless devices, and other wircless

30 comumunication systems such as microwave and satcllite conununications.

[0825] According to an embodiment of the present invention, a traffic monitoring unit is
provided as a component of one or more clements of the system, enabling measurement of
the network traffic in the network. A network optimization goal and optimization algorihm
is also provided so that based on traffic measurements, which is typically a function of the

I

2
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number of users on the system, performance of the network is optimized using the goal and

associated algorithm.

[8826] As an example of traffic monitoring, the system could track the power of the down
link or the power of the uplink. Another example, would include some signal processing,

5 including examining certain control signals, for example, pilot signals sent by mobile
devices. By locking onto these control signals, the traffic monitor can obtain information on

the number of users using various components of the systen.

(6827} A distributed antenna system (DAS) provides an officient means of utilization of
base station resources. The base station or base stations associated with a DAS can be

16 located in a central location and/or facility commonly known as a base station hotel. The
DAS network comprises one or more digital access units {BAUs) that function as the
interface between the base stations and the digital remote units (DRUs). The DAUs can be
collocated with the base stations. The DRUs can be daisy chained together and/or placed in a
star configuration and provide coverage for a given geographical area. The DRUs are

1S typically connected with the DAUS by emploving a high-speed optical fiber link. This
approach facilitates transport of the RF signals from the base stations to a remote location or
arca served by the DRUs. A typical base station comprises 3 independent radio resources,
commonly known as sectors. These 3 sectors are typically used to cover 3 separate
goographical arcas without creating co-channel interference between users in the 3 distinct

28 sectors.

[6828] Traffic monitoring in a DAS network is provided by embodiments of the present
invention, which has not been performed in conventional systems. As described berein, the
traffic monitoring unit can be tmplemented as a stand-alone unit in conjunction with one or

more system components, inchuding DAUs, DRUs, a BTS, a BTS hotel, or the Hike.

25 [882%] Once traffic resources are aggregated into eNodeB hotels, the discrete resources of a
single eNodeB are still allocated to a specific set of antennas associated with that eNodeB
and providing coverage to a specitic geographic arca. The traffic resources are fixed, ie.,
only the resources associated with a specific eNodeB can be allocated to the antennas
associated with that eNodeB. However, because the eNodeBs are collocated in an eNodeB

30 botel, the systermn can use the aggregated traffic resources of the discrete eNodeBs as a single,
pooled traftic resource that can be allocated according to various algorithms. Assumptions
are typically predicated on worst-case traffic assets in all areas, network design is wasteful 99

percent of the time, inevitably resulting in over- or under-provisioning of fixed resources.
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Traffic resources either go unused (idle channels), or are under-provisioned and are
insufficient to handie the offered traffic. Both circumstances give rise (o the same ouicome:
fost revenue and lost opportunity. When a site’s traffic resources are idle and unused, the

traffic asset fails to provide an optimal return on investment. But a site that lacks sufficicnt

n

capacity to support the offered traffic at any point during the day garners dropped calls, lost
revenue opportonity, and dissatisfied customers. The traffic information derived from an
oxtenstve sensor network will be used to dynamically allocate the traffic resources 1o the
cquired geographical areas only for the time period the service is needed. Once the service is

supplied and the traffic sensor network determines that the traffic resources are no longer
10 required, they are returned fo the resource pool for reallocation. The entire network

automatically reconfigures itself based on the perceived (sensed) need or in the event of

disruption due to natural or manmade events. Geographic load balancing using DAS is

recognized as a new approach for traffic load balancing which provides dynamic load

odistribution in real time according to the current goographic traffic conditions, It can be

15 used to improve the performance for any distributed systems containing non-uniformly

distributed traffic, especially for resolving traffic hot spots.

[6838] The network’s performance (expressed by the number of KPIs (Key Performance
Indicators) from different parts of the network) determines the QoS values. Different
operators may have different defined business goals and different services of interest, Based
20 on these considerations, efficient and cost effective network performance management varies
from operator to operator. Therefore, QoS metrics could be defined and mapped to a set of

KPis.

(6838} An cmbodiment shown in FIG. 1 illustrates a basic DAS network architecture

according to an embodiment of the present invention and provides an example of a data

[\
W

transport network, traffic monitoring and network optimization scenario between a 3 sector
Base Station and multiple DRUs. In this embodinment, the BRUs are daisy chained together
to achieve coverage in a specific geographical arca. Each individual sector covers an
independent geographical area, which is identified as a Cell. Although embodiments are
discussed in termos of optirnization of DAS networks, the termo optirnization is properiy

30 understood to include performance tmprovements in comparison to conventional systems,
even if complete optimization is not achieved. Thus, optimization does not require the
maxirgum values for traffic management metrics, but also includes distribution of traffic that

improves system performance while remaining short of maximum performance.

~1
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(6832} FIG. 1 depicts a DAS system employing oultiple Digital Remote Units (DRUs) and
muittiple Digital Access Units (DAUSs). In accordance with the present invention, cach DRU
provides unigque information associated with cach DRU which uniquely identifics uplink data

received by that particular Digital Remote Unit.

5 |8633] One feature of ombodiments of the present invention is the ability to route Base
Station radio resources among the BRUs or group(s) of DRUs. In order to route radio
resources available from one or more Base Stations, it 18 desirable to configure the individual
router tables of the DAUs and DRUs in the DAS network., This functionality is provided by

embodiments of the present invention.

16 [6834] The DAUs are networked together to facilitate the routing of DRU signals among
mshtiple DAUs. The DAUs support the transport of the RF downlink and RF uplink signals
between the Base Station and the DRUs. This architecture enables the various Base Station
signals to be transported to and from multiple DRUs. PEER ports are used for

mnterconnecting DAUs and interconnecting DR1s.

1S [8835] The DAUSs have the capability fo control the gain (in small incroments over a wide
range) of the downlink and uplink signals that are transported between the DAU and the base
station {or base stations) connected to that DAU. This capability provides flexibility to
simultaneously control the uplink and downlink connectivity of the path between a particular
DRU (or a group of DRUs via the associated DAU or DAUS) and a particular base station

20 sector.

(68361 Embodiments of the present invention use router tables to configure the networked

DAUs. The tocal router tables establish the mapping of the inputs o the various outputs.

Internal Morge blocks are utilized for the Downlink Tables when the inputs from an External

Port and a PEER Port need to merge into the same data stream. Similarly, Merge blocks are
25 used in the Uplink Tables when the inputs from the LAN Ports and PEER Ports need to

merge into the same data stream.

16637} The remote router tables establish the mapping of the inputs fo the various ouiputs.

Internal Merge blocks are utilized for the Downlink Tables when the inputs from a LAN Port

and a PEER Port need o merge into the same data stream. Similarly, Merge blocks are used
30 i the Uplink Tables when the inputs from the External Ports and PEER Ports need to merge

into the same data stream.
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[6038] As shown in FIG. 1, the individual base station sector’s radio resources are
transported to a daisy-chained network of DRUs, Each individual sector’s radio resources
provide coverage 1o an independent geographical area via the networked DRUs. FIG. 1

demonstrates how three cells, each cell comprising an independent network of 7 DRUs,

n

provide coverage to a given geographical area. A server is utilized to conirol the switching
function provided in the DAS network., Referring to FIG. 1 and by way of example, DAU 1
(102) recetves downlink signals from BTS Sector 1 (101). DAY | translates the RE signals
to optical signals and the optical fiber cable 103 transports the desired signals to DRU 2
{104). Optical cable 105 transports ali the optical signals to DRI 3 (136). The other DRUs
10 inthe daisy chain ave involved in passing the optical signals onward to DRU 1 (107). DAU 1
(162) 1s networked with DAU 2 (108} to allow the downlink signals from Sector 2 (109} and
Sector 3 (110) to be transported to all the DRUs in Cell 1. The system’s switching and
routing functions enable the selection of which sectors” signals are transmitted and received

by each DRU.

15 [083%9] Ancmbodiment illustrating a Traffic monitoring unit (121} at the DAUSs s included
to track the traffic load at each DAU in the network. The traffic load associated with each
DAL is collected and stored in the Network Optimization Unit (120). The optimization unit
(120) calculates the overall DAS network performance and determines the optiroum
reconfigured network to improve or maximize performance. Utilizing the traffic monitoring

20 unit 121 in conjunction with the DAUSs provides for optimization of the BAS network
through a traffic monitoring unit external to the DAUs. Thus, embodiments of the present
imvention provide for traffic monitoring in a DAS network., Optimization of the DAS

network can then be performed using information related to the traffic monitoring.

{0848} Referring to FIG. 1, the traffic monitor unit 121 can be a server determining the

25 number of users on cach DAU, with cach DAU having multiple ports in some embodiments.
Daata from the traffic mouitor unit 121 is then provided to the network optimization unit 120,
which can be the same server including the traffic monitor unit or a different server. The
network optimization unit 120 (which can be software running on a server) can model the
rehalancing of the traffic load and, after determining that the performsance will be acceptable,

30 implements the load rebalancing by communicating with the DAUs and shifting traffic
between sectors. Although the network optimization unit 124 is illustrated as coupled to the
DAUSs in FIG. 1, this is not required by embodiments of the present invention and the
network optimization could be performed at one of the DRUs, with data regarding network

optimization being transmitted back to the DAUs using, for example, using an Ethernet

9
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backhaul connecting the DRUs to the DAUs. Thus, the network optimization server could be
located at one of the DRUs, controlling the entire network from that location. One of

ordinary skill in the art would recognize many variations, modifications, and aliernatives.

[6041] The network optimization unit can implement a network optimization goal, which
may relate to the number of users per sector, for example, that cach sector carry a percentage
of traffic less than 50°% of the total traffic, less than 40% of the total traffic, or less than 35%
of the total traffic, that each sector have less than 50% of the users, less than 40% of the
users, less than 35% of the users, or that cach sector have 33% of the users, or the like. Thus,
the optimization goals can include metrics of the system performance. Although the system
may not reach the goals, progress toward the goals can be provided, improving the user

experience,

168421 FIG. 2 shows an embodiment itlustrating how a single base station can be used to
provide coverage for a larger geographical area when a frequency reuse pattern of N=1 ig
used. Referring to FIG. 2, cell 1 and cell § would share the radio resources of sector 1 of the

base station. Similarly, cell 2 and cell 10 would share the radio resources of sector 2.

[6843] The DAUs control the routing of data between the base station and the DRUs. Fach
individual data packet is provided with a header that uniquely identifies which DRU it is
associated with. The DAUS are interconnected to allow transport of data among multiple
DAUs. This feature provides the unigue flexibility in the DAS network to route signals
betwoeen the sectors and the individual DRUs. A server is utilized to control the switching
function provided in the DAS network. Referring to FIG. 2, and by way of example, DAU 1
{202) recetves downlink signals from BTS 1 Sector 1 {201). DAU 1 transiates the RF signals
to optical signals and the optical fiber cable 203 transports the desived signals to DRU 2
(204). Optical cable 205 transports ali the optical signals to DRU 3 (206). The other DRUs
in the daisy chain ave involved in passing the optical signals onward to DRU 1 (207). DAU 1
(202) 13 noetworked with DAU 2 (208) to allow the downlink signals from Sector 2 and Sector
3 to be transported to all the DRUs in Cell 1. Optical fiber cable 209 transports the desired
signals to DR 23 (210). Optical cable 211 transports all the optical signals to DRU 24
{212). The other DRUs in the daisy chain are involved in passing the optical signals onward
to DRU 22 (213). An embodiment illustrating a Traffic monitoring unit (221} at the DAUs is
included to track the wraffic load at each DAU in the network. The traffic load associated with
cach DAU is collected and stored in the Network Optimization Unit (228). The optimization
unit (220) calculates the overall DAS network performance and determines the optinwrm
reconfigured network to maximize performance.

10
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[6844} FIG. 3 shows an cmbodiment iflustrating an application eraploying a basc station
hotel where N BTSs are interconnected to serve a given geographical area. The base stations
may represent independent wireless network operators and/or multiple standards (WCDMA,

LTE, etc.) or they may represent provision of additional RF carriers. The base station signals

n

may be combined before they are connected to a DAU, as may be the case for a Neutral Host

apphication. Referring to FIG. 3 and by way of example, DAU 1 (302) receives downlink

signals from BTS Sector 1 (301). DAU 1 transiates the RF signals 1o optical signals and the

optical fiber cable 303 transports the degired signals to DRU 2 (304). Optical cable 305

transports all the optical signals to DRU 3 (386). The other DRUs in the daisy chain are

10 involved in passing the optical sigeals onward to DRU 1 (307). DAU 1 (302) is networked
with DAU 2 (308) to allow the downlink signals from BTS 1 Sector 2 to be transported to all
the DRUs in Cell 1. DAU 1 (302) receives downlink signals from BTS Sector N (309).
AU 1 transiates the RF signals to optical signals and the optical fiber cable 303 transports
the desired signals to DRU 2 (304), Optical cable 305 transports all the optical signals fo

15 DBRU 3 (306). The other DRUs in the daisy chain are involved in passing the optical signals

onward to DRU 1 (307). The additional base stations provide the capability to add capacity

for Cell 1.

[68645]  In order to efficiently utilize the himited base station resources, the network of
DPRUs should have the capability of re-directing their individual uplink and downlink signals
23 to and from any of the BTS sectors. Because the DRUs data traffic has unique streams, the
DAU Router has the mechanism to voute the signal to different sectors. An embodiment
illustrating a Traffic monitoring unit (321) at the DAUs is included to track the traffic load at
cach DAU in the network. The traffic load associated with each DAU is collected and stored
in the Network Optimization Unit (320). The optimization unit (320) calculates the overall
25 DAS network performance and determines the optimurn reconfigured network to maximize

performance.

[6846] FIG. 4 shows the two primary elements in a DAU, the Physical Nodes (430) and the
Local Router (401). The Physical Nodes translate the RF signals to baseband for the
Downlink and from baseband to RF for the Uplink. The Local Router directs the traffic

33 between the various LAN Ports, PEER Ports and the External Ports. The physical nodes
connect to the BTS at radio frequencies (RF). The physical nodes can be used for different
operators, different frequency bands, different channels, or the like. The physical nodes can
combine the downlink and uplink signals via a duplexer or they can keep them separate, as

would be the case for a simplex configuration. In one embodiment, Traffic monitoring (416)

i1
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capability is provided in each DAV for determining the traffic load at cach of the DAU ports.
In this embodiment, the traffic monitoring function is performed in each DAU in comparison

with other implernentations in which the traffic monitoring is performed externally.

[6847] FIG. 4 shows an embodiment whereby the physical nodes have separate outputs for
the uplinks (405) and separate inputs for the downlink paths (404). The physical node
translates the signals from RF to baseband for the downlink path and from baseband to RF for
the uplink path. The physical nodes are connected to a Local Router via extemnal ports
{409,410)). The router dirccts the uplink data stream from the LAN and PEER ports to the
selected External U ports. Similarly, the router directs the downlink data stream from the

External D ports to the selected LAN and PEER ports.

[6848] In one embodiment, the LAN and PEER ports are connected via an optical fiberto a
network of DAUs and DRUs. The network connection can also use copper interconnections
such as CAT 5 or 6 cabling, or other suitable interconnection equipment. The DAU is also
connected to the intemet network using IP (406). An Ethernet connection {408) is also used
to comununicate between the Host Unit and the DAU., The DRU can also conunect directly 1o

the Remote Operational Control center (407} via the Ethernot port.

(6848} FIG. S shows the two primary elements in a3 DRU, the Physical Nodes (501) and the
Remote Router (500). The DRU includes both a Remote Router and Physical Nodes. The
Remote Router directs the traffic between the LAN ports, External Ports and PEER Ports.
The physical nodes connect to the BTS at radio frequencies {(RF). The physical nodes can be
used for different operators, different frequency bands, different channels, etc. FIG. 5 shows
an embodiment whereby the physical nodes have separate inputs for the uplinks (504) and
separate outputs for the downlink paths (503). The physical node translaies the signals from
RF to baseband for the uplink path and from baseband to RF for the downlink path. The
physical nodes are connected to a Remote Router via external ports (506,507}, The router
directs the downlink data strearn from the LAN and PEER ports to the selected External D
ports. Similarly, the router directs the uplink data stream from the External U ports to the
selected LAN and PEER poris. The DRIJ also contains a Ethernet Switch (505) so that a

remote computer or wireless access points can connect 1o the internet.

(68581 o one embodiment, the traffic monitoring (516) capability s provided in cach DRU
for determining the traffic load at cach of the DRU ports. In this embodiment, the traffic
monttoring function is performed in each DRU in comparison with other implementations in

which the traffic monitoring is performed externally.

12
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(68511  Asshown in FIG. 6, the base station hotel (610} is comprised of multiple Picocells,
The Picocells are typically wireless operator dependent and frequency band dependent.
Picocells that operate in the same frequency band are combined at RF and input to the

respective DAUs. The DAU radio resources from the combined Picocells are transported to a

n

daisy-chained network of BRUs. Each individual DAUSs radio resources provide coverage to
an mndependent geographical area via the networked DRUs. FIG. 6 demonstrates how
multiple DAUS, each cell comprising an independent network of 7 DRUs, provide coverage
to a given geographical arca. In one embodiment, the traffic monitoring functionality is
located in an external Traffic Monitoring Unit (621}, which is connected to the network of

160 DAUSs.

(68521  As shown in FIG. 7, the base station hotel (710} is comprised of multiple Picocells,
The Picocells are typically wireless operator dependent and frequency band dependent.
Picocells that operate in the same frequency band are combined at RF and input to the
respective DAUs. The DAU radio resources from the combined Picocells are transported to a

15 daisy-chained network of DRUs, Each individual DAUSs radio resources provide coverage to
an independent geographical arca via the networked DRUs. FIG. 7 demounsirates how
mshtiple DAUs, each cell comprising an independent network of 7 BRUs, provide coverage
1o a given geographical arca. In one erobodiment, the traffic monttoring functionality is
focated in an cxternal Traffic Monitoring Unit (721), which is connected to the Picocells.

20 The BTS Hotel 710 includes a plurality of Picocells that are coupled to traffic monitoring unit
728, The traffic information flows from the Picocells to the traffic monttoring unit, which
uses this traffic information to optimize the DAS network. The traffic monitoring unit €20
works in conjunction with network optimization uvait 721, which can include traffic

management algorithis used to distribute traffic efficiently throughout the DAS network.

[\
W

$853] FIG. 8 shows an ersbodirnent of a base station botel (810), which 18 comprised of
S p

multiple picocells that are interconnected to a network of DAUSs via a digital interface (830).

[60654] FIG. 9 illustrates one embodiment of the DAS network optimization flow diagram.
The Key Performance Indicators (KPIs) of the network traffic are collected at the various
network nodes (910). KPI may comprise information such as: number of blocked calls,

30 number of active calls, average power of uplink channels, average power of downlink
channels, traffic on cach sector, failed calls, number of satisfied users, mumber of unsatisfied

users, number of users operating through a given DRU, and the like.
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[68558] The DAS network performance is then analyzed in the context of the available DAS
network radio resources {912). An optimization algorithm is apphied to the existing DAS
network with the objective to determine the optimurm routing of network traffic (914). Once

an optimum DAS network has been dotermined then an estimate of the reconfigured DAS

n

notwork performance is determined (916}, The reconfigured DAS network is evaluated prior
to an implementation to insure that the performance will be acceptable. If the reconfigured
DAS network has been determined to be acceptable then the reconfigured DAS network s
implemented (©18) and the entire process is repeated. In an embodiment, the load on the
sectors prior to reconfiguration and after the proposed reconfiguration can be compared to

10 determine if the shifting of the DRUs to the other sectors improves the system performance.

(86561 Thus, using the KPIs of the network traffic, the DAS network can be modified to
irprove system performance. As an example, if a particular DRU has a higher load than
other adjacent DRUs, traffic can be routed to the adjacent DRUs in order to reduce the load
on the particular DRU. Additional description related to load balancing is provided in US.
15 Patent Application No. 61/600,530, filed on February 17, 2012, entitled "Evolutionary
Algorithms for Geographic Load Balancing Using a Distributed Antenna System," the

disclosure of which is hereby incorporated by reference in its entirety for all purposes.

(88571 As an example of optimizing network performance, a base station typically has
three sectors, The DR can be allocated to different sectors in order to improve performance

20 by shifting traffic from a first sector {e.g., a high traffic sector) to a second sector (e.g., a low
traffic sector) by shifting a DRU allocated to the first sector to the second sector. Although
some embodiments of the present invention will not optimize performance of the system, the
system performance can be iraproved using the techniques described herein, for example, by
measuring the traffic load on the DRUs, performing load balancing of the traffic on the

25 DRUs, to reduce the load on a first DR characterized by a first traffic load by shifting the
foad to a second DRU characterized by a second traffic load loss than the first traffic load. In
the optimization process, system performance can be measured against a predetermined
threshold, with the optimization process terminating once the predetermined threshold has
been reached. One of ordinary skill in the art would recognize many variations,

30 modifications, and aliernatives.

[0888B] As another example, power settings for the DRUs can be modified to improve
systern performance as discussed in additional detail in U.S. Patent Application No.

61/669,572, filed on July 9, 2012 and entitled, "A Self-Optimizing Distributed Antenna
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Svstem Using Soft Frequency Reuse,"” the disclosure of which is hereby incorporated by

reference in its entirety for all purposes.

(66597 FIG. 10 iHustrates one emmbodiment of the BAS network calculation of the KPIs and
QoS. The important parameters for determining the DAS network QoS include the number
5 of users aliocated to a given DRU, the spatial distance between the various DRUs, as well as

identifying which DRUs are assigned to which BTS sector.

[68606] FIG. 11 illustrates one embodiment of the flow chart for the optimization algorithm.
To this embodiment an Estination Distribution Algorithm (EDA) is used. Various DRU
allocation scenarios are investigated to determine the optimum DRU scenario that achieves
16 the highest 30S. In an embodiment, the initial population is generated (1110). The traffic
information (KPIs) is analyzed and traffic performance (QoS) for all sectorization is analyzed
(1112). A sort procedure is performed (1114} and a determination is made if the convergence
criterion are satisfied (1116). If so, the process is terminated. If not, then the generation
counter is updated (1118), a sort operation is performed (1120), the parameter [ is computed
5 (1122) and a new population is generated (1124). Then the method proceeds to the traffic

information and performance analysis (1112},
(68611 Network Optimization

[8862] The network’s performance (expressed by the number of KPIs from different parts
of the network) determines the QoS values. Different operators may have different defined
23 business goals and different services of interest. Based on these considerations, efficient and
cost effective network performance management varies from operator to operator. Therefore,
QoS meirics could be defined and mapped to a set of KPIs. When a sct of KPIs is used, then

the mapping needs to be represented by a weighted normalized function.

(608631 In this section we formulate the sectorization problem with mixed integer

o
n

programming to balance traffic among sectors and to minimize handoffs with connected and
compact sectors. Given the sectorization of DRUs at time period ¢, our probler is to obtain
new sectorization at time period 7+ that adaptively balances the change in traffic demands.
[86864] In order to formulate the problem, we consider a service coverage area with N
DRUs. Each DRU is assumed to have traffic demand 7, i=1,., N . Note that, UE, belongs
30 o DRU, ifthe received uplink power from UE, at DRU, is greater than the other DRUs .
Let p, be the transition probability of mobiles from DRU, 10 DRU . Then, the handoff calls
from DRU, t0 DRU jbecomes, = p,T.. The distance between DRU, and DRU s inversely

15
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proportional to p_ . Assumec that an eNodeB hotel has 4/ VBSs. Let SOS,, and SO, be
the set of sectors in VA5, and the set of DRUs allocated to Sector, |, respectively, such that
|SOSMI =3 (if each eNodeB/VBS has three sectors), m={,..., M and k=1, ..., K We consider

the following three cost factors (KPIs) in the sectorization problem:

S (88651 KPlpc (Inverse of the number of Blocked Callsi : The penalty of the blocked calls
caused by hard capacity and soft capacity. Let #C, and SC, be the hard capacity of VRS
and soft capacity of Secror, respectively such that HC = };: SC, . The binary variable

< 505,
x; =1, when DRU, belongs to Secior,. y, = »  x,.then y, =1 when DRU, belongs to
ke SOS,,
VBS,.
J() i > Tx, <SC,
ST . : ,
S Tx, —8C,  otherwise
1{} "vl("m = XTJ///V’ - '[-{Cm = z‘{ Z x;‘/c - z S("k
: P ke SOS, ke SOS,,
= 2 27w, = SC,
keS80, i
- 3 s
ke SCS,,
(1)
Since a penalty occurs only when the calls are blocked, we apply just sc,to the objective
function, because the ¢, is a function ofsc, and there is no need to add it as another term to the
objective function. sc¢, is 2 nonnegative real variable. So,
- T
15

[0066] KPlyo (Inverse of the number of Handoffs): we consider three different types of
Handoffs :

20 (88671 A, Inter-eNodeB Handofi: When user equipment (UE) with an ongoing call moves
from one VBS to another VBS, then the UE needs an inter-cNodeB handoff, Inter-eNodeB

handoff is executed using the X2 interface (as long as the UE does not leave the LTE

16
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coverage arca) or S1 interface {when the UE leaves the serving cell). The X2 handoff
includes establishing a signaling connection using the X2 Application Part (X2AP) from the
source fo the target eMNodeB. The target eNodeB updates the MME (Mobility Management

Entity) with the new geographic position of the UE. To cnable this procedure, the MME

n

needs to communicate with 3-GW {Serving Gateway ) to negotiate the new endpoint. Daring
the S1 handoft, the MME receives the relocation preparation request of the source eNodeB, it
starts the handoff resource allocation procedure fo request the necessary radio resource from
the target eNodeB. After the target eNodeB sends the required radio interface parameters
embedded in a handoff command message; the MME forwards this handoff command

10 message transparently to the UE, which executes the handoff. The main procedure is

triggered by the MME and executed by S-GW.
[068] Let the binary variablez | =1, when DRU, and DRU belong toVES, . Then the

inter-eNode 3 handoff cost is cornputed by using the vanable z, =1 Z , the cost

"

Ziim

becomes Z z h&,zﬁ. .
i

15 068  Note that inter-eNodeB handotf occurs when DRU, and DRU | belong to different

VBS, i, z, =0.

. Entra-cNedeB Handoff: When a UE with an ongoing call moves from one sector
to another in a VBS, then the mobile needs an intra~eNodeB handoff. This procedure doesn’™t
need to involve MME or S-GW because it can be handled entirely within that VBS. Now by

20 letting the binary variable w,, =t when DRU, and DRI belong to sector k, the intra-

x> he

eNodeB handoff cost is computed by using two variables w, -z, wherew, =1 S,
AN ij/

cost becomes %" Jr (w, ~2,) .
T

0071}  Av iotra-eNodeB handoff occurs when DRU, and DRU beloog to different sectors

of the same VBS.

T
n

(68721 O Forced Handoff: When a DRU changes its sector, all ongoing calls in the cell
have 1o change their pilot PN offsets for WCDMA. The cost of forced handoff 1s computed

by employing the current sectorization 4, ., which is equal to zero when DRU, is in Sector, .
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Since the cost occurs when DR/, carrently in another sector moves into Sector, , the cost

ecomes > > a,Tx, .
i ik

16673] The weighted combination of these three handoff cost would be:

i i [

I~ 1
KPRl = HZE bz +cz§:§h..(svv§ —z,)+ CXEQ T..xijA
i J ik

S (3
[0874) KPIg (fnverse of the Compaciness fndex): we will try 10 minimize the length of
handoff border with the compactness index Cf which is introduced in Section 1.8 . In
Equation (4) the numerator term represents the number of handoff DRU sides between two

different sectors,

0 kP, =[ci] -

)
Where B =1, if DRU and DR U, are adjacent.

Now we consider the following constraints required in the formulation:

1. each DRIJ has to belong to a sector, that is,
15 3 x, =1 for all
&
{5)
2. The relationship between any two DRUSs in a Sector, has to satisfy w,, =1 ifand only if

%; = x, = 1. Thus we have:

W, X, ,W.,

ik o Wiir

20 (6)
(6875} The relationship between two DRUsina VBS, . 7. =1 ifand onlyif

ifm

Sxandwy, Zx, +x, 1 for all ij and £

V.. =, =1 which leads to:
T S Vips Zim S ¥pand z,, 2y, Y, —1 for all ij and k

Jm

(7
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~

3. Connected sectorization, if a sector has more than one DRU, then the DRUs of the sector
have to be connected. For the formulation of connected sectors we employ the cut theorem {26]
on SO0, I Sector, 15 connected, then any cut that separates cells in SOD, has at least one
common side of the hexagonal cells. Let 81, be a proper subset of SO, , that 5, §1, < 50D,

5 81, #¢,and 51, = 50D, Also let §2,be the opposite set of 81, , that is, §2, = 50D, - 81, .
Because two subscts are connected, there exists at least one common side of the DRUs separated
by the subsets. Thus we have

> 3> B, =21

eS8, jel&7,
®)

10 [8876] Now, our QoS function is the weighted combination of three KPIs (cost factors)
which we have already introduced. Obvicusly our objective function is to maximize the QoS
function. They are penalties of blocked calls by hard and soft capacities and handoff calls.

The DRU sectorization can be formulated as the following mixed integer lincar

programming.
Minimize
. i orpr - 4, 1 .
QoS =w KPP, +w, KP{,~ +w . KFPI, (%)
Subject 1o
XY Ped .
}_‘x].k =1 Jor all i
k
Wy S X, W, S X, and Wy 22X, +x, —1 Jor all i, jand %
Wy = 1 _Ewyk Jor all i, §
&
Wi = X X, Jorall m

ke SCS,,

SV and z

R T for all i, jand m

iim

Jor ali 1, j

T
©n

Jor ali S1, < SGD, where S, #¢ and S, =350D, and S2, =S50D, —51,

h, = p,1 Jor all i and j
" he, = Z T, —HC, Jor ali m
]’o i > Tx, <8C,
R i oo 4
= IEZ;X% -8C,  otherwise Jor alt &
Xy Ws T 13 6 {01} for all i, j k and m
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(6877} Note that many grouping problems which are special cases of the sectorization
problem are well-known NP-hard problems. Since our problem is NP hard, the time it takes
to exccute the algorithm is exponentially increasing with the size of the problem. Such an
algorithm is thus in most cases unusable for real-world size problem. As an cncouraging
result on NP-hard problems, we investigate evolutionary algorithms to solve the sectorization
problem and compare the performance with the solutions obtained by the mixed integer

programming.
(0878} Estimation distribution glgorithm (EDA)

[68679] Unlike other evolutionary algorithms, in FDA a new population of individuals in
cach generation s generated without crossover and mutation operators. Instead, in EDA a
new population is generated based on a probability distribution, which is estimated from the
best selected individuals of previous generation. We introduce each main-vector as an
individual for our EDA approach, and also our fitness function is objective function that we
mentioned it in section HI. Tn general, conventional EDDAS can be characterized by parameters

and potations:

s F A fopaf, Ion
(i)

where

1 1, is the space of all potential solutions (entire search space of individuals).

23 F denotes a fitness function.

3 A is the set of individuals (population) at the /y generation.

4y 1; 1s the set of best candidate solutions selected from set A; at the 4y, generation.

53 We denote /= & — 5= & 01 5 where 79 18 the complement of 7.

6y s 18 the selection probability. The EDA algorithm selects pfA/ individuals from set A, to

make up set ;.

7y We denote by T the distribution estimated from #; (the set of selected candidate
solutions) at each gencration.

&) I7.- are the maximum number of generation

In conventional EDAs, each individual is designated by a string. A typical EDA is described in
the following steps:

Srep §: Generate initial population Ay The initial population (JAg

mdividuals) is typically

obtained by sampling according the uniform (equally likely) distribution:

20
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(8,8,..8.)= 1 r @),

i=12,..,n and p (@ =8)=p (8 =58,)=..=p (8 = S!SOS,AM) T !
2'3(}5 {12y
For generation | = 1,2, ..., follow steps 1 through 6
Step I: Evaluate the individuals in the current population A, | according to the fitness function F.
Sort the candidate solutions (individuals in the current population) according to their fitness
orders.
5  Step 2: If the best candidate solution satisfies the convergence criterion or the number of
generation exceeds s Hrat 7, , thon terminate; else go to step 3.
Step 3: Select the best p A, | candidate solutions (individuals) from current population Av;. This
selection is accomplished according to the sorted candidate solutions,
Step 40 Estimate the probability distribution p{(8,8,.---,8,) on the basis of |nu.y| best candidate
10 solutions. We denote this estimation by
=(8,8,,--.8 i) (13)
Step 5 Generate new A — Il individuals on the basis of this new estimated probability
distribution T . Replace the bad |By| individuals with newly gencrated |Ap | — | individuals.
Step 6: Go to step 1 and repeat the steps
We followed the steps of the above pseudo code for ouwr EDA implementation. In owr
15  experimentation, for estimation (13), we used a simple scheme of estimating the marginal
distributions separately and using product form
SCR U RCINE § PXCE
g
(14)
Where ¢ is an indicator function and it can be expressed as
5(x/ = oim.) ity =8 (15)

{0 otherwise

[O0RB] 1t is also understood that the examples and embodiments described herein are for
iltustrative purposes only and that various modifications or changes in light thereof will be
20 suggested to persouns skilied in the art and are to be included within the spirit and purview of

this application and scope of the appended claims.

[6881] Appendix I is a glossary of terms used herein, inchnding acronyms.

21
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APPENDIX I

Glossary of Terms

ACLR
ACPR
ADC
AQDM
AQM
AQDMC
AQMC
BPF
CDMA
CFR
DAC
DET
DHMPA
DDC
DNC
DPA
DODM
DOM
DSP
DUC
FER
EF

ET
EVM
FELPA
FIR
FPGA
GSM
-Q

IF
LINC
LO
LPF
MCPA
MDS
OFDM
PA
PAPR
PD
PLL
QOAM
QPSK
RF
RRH
RRU
SAW
UMTS
upcC

Adjacent Channel Leakage Ratio

Adjacent Channel Power Ratio

Analog to Digital Converter

Analog Quadrature Demodulator

Analog Quadratore Modulator

Analog Quadrature Bemodulator Corrector
Analog CGuadrature Modulator Corrector
Bandpass Filter

Code Division Multiple Access

Crest Factor Reduction

Digital to Analog Converter

Detector

Digital Hybrid Mode Power Amplifier
Digital Bown Converter

Down Converter

Doherty Power Amplifier

Dagital Quadrature Demodulator

Digital Quadrature Modulator

Digital Signal Processing

Digital Up Converter

Envelope Elimination and Restoration
Envelope Following

Eunvelope Tracking

Error Vector Magnitude

Feedforward Linear Power Amplifier
Finite Impulse Response
Field-Programmable Gate Array

Global System for Mobile communications
In-phase / Quadrature

Intermediate Frequency

Linear Amplification using Nonlinear Components
Local Oscillator

Low Pass Filter

Multi-Carrier Power Amplifier
Multi-Directional Search

Orthogonal Frequency Division Muliiplexing
Power Amplifier

Peak-to-Average Power Ratio

Digital Baseband Predistortion

Phase Locked Loop

Quadrature Amplitude Modulation
Quadrature Phase Shift Keying

Radic Frequency

Remote Radio Head

Remote Radio Head Unit

Surface Acoustic Wave Filter

Untversal Mobile Telecommunications System
Up Converter

22
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WCDMA Wideband Code Division Multiple Access
WILAN Wireless Local Area Network

23
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WHAT IS CLAIMED IS:

I A system for dynamically routing signals in a Distributed Antenna
System, the system comprising:

a plurality of Digital Access Units (DAUSs), wherein the plurality of DAUs are
coupled and operable to route signals between the plurality of DAUs;

a plurality of Digital Remote Units (DRUSs) coupled to the plurality of DAUs
and operable to transport signals between DRUs and DAUs;

a plurality of Base Transceiver Stations (BTS);

a plurality of traffic monitoring modules; and

a network optimization goal and optimization algorithm.

~

2. The system of claim | wherein the Base Transcetver Station corprises

a plurality of small cells.

3. The system of claim | wherein the Base Transcetver Station coraprises

a plurality of small cells.

4, The system of claim 1 wherein the wherein the network optimization

goal comprises a percentage of users associated with each of a plurality of sectors.

S. A system for dynamically routing signals in a Distributed Antenna
System, the system coraprising:

a plurality of Digital Access Units (DAUs), wherein the plurality of DAUSs are
coupled and operable to route signals between the plurality of DAUs;

a plurality of Digital Remote Units (DRUs) coupled to the plurality of DAUs
and operable to transport signals between DRUs and DAUs;

one or more Base Transceiver Stations (BTSs); and

one or more traffic monitoring units.

6. The system of claim § wherein the one or more traffic monitoring units

is external to the phurality of DAUs and coupled to each of the plurality of DAUs,

7. The systern of claim 5 wherein the one or more tratfic montoring units
comprise a plurality of traffic monitoring units cach provided as a component of each of the

plurality of DAUs.

24
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3. The systern of claim § wherein the one or more tratfic monttoring unis

is external to the plurality of DRUs and coupled to each of the plurality of DRUs.

9. The system of claim 5 wherein the one or more traffic monitoring units
comprise a plurality of traffic mwonitoring units each provided as a component of each of the

plurality of DRUs,

10, The system of claim 5 wherein the one or more traffic monitoring units

is external to the phurality of BTSs and coupled to each of the plurality of BTSs.

il The system of claim S further comprising a network optimization

processor coupled to the traffic monitoring unit.

12, The system of claim 11 wherein the network optimization processor

comprises an opfumization algorithm, which optionally includes an optimization goal.

13. The systern of claim § wherein the plurality of DAUSs are coupled via
at least one of Ethernet cable, Optical Fiber, Microwave Line of Sight Link, Wircless Link, or

Satellite Link

i4. The system of claim 5 wherein the plurality of DAUSs are coupled to
the plurality of DRUs via at least one of Ethemnet cable, Optical Fiber, Microwave Line of
Sight Link, Wireless Link, or Satellite Link.

15 The system of claim 5 wherein the DRUs are connected in a daisy

chain configuration.

16. The system of claim S wherein the DRUs are connected to the DAUs

in a star configuration.

17. The systemn of claim S wherein the DAUSs are connected to the BTSs
vig gt least one of a Ethernet cable, Optical Fiber, Microwave Line of Sight Link, Wireless

Link, or Satellite Link.

1&. The system of claim 5 wherein the DRUs are connected ina loop to a

phirality of DAUs.

i9. The system of claim 5 wherein a single DAL port is connected to a

plurality of Base Transceiver Stations.
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< ' _ PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent’s file reference .  FOR FURTHER see Form POTASANZO
91172-881579 ACTION as well as, where applicable, item § below.
Intemational application No. International fling date (day/month/year) {Earliest) Priority Diate (day/month/year)
POT/US2013/052208 28 July 2013 31 July 2042

Applicant

DALI SYSTEMS CO. LTD. .

This international search report has been prepa}cﬁ by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau. .

This international search report consists of a total of ?/// sheets.
{:j It is also accompanied by a copy of each prior art document cited in this report.

1. RBasis of the report

a. With regard to the language, the miematmnal search was carried out on the basis af
@ the international application in the language in which it was filed.

i E a translation of the international application into which is the language of
a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

b. Ej This international search report has been established taking into account the rectification of an obvisus mistake
authorized by or notified to this Authority under Rule 91 {(Rule 43 6&is(a)).

o

E::} With regard to any nucleotide and/or amine acid seguenee disclosed in the international application, see Box No. 1.

E] Certain claims were found unsearchable {see Box No. i1}

[

3. Ej Umity of invention is lacking (see Box No. HH).

- 4. With regard to the title,
the text ts approved as Subgnmu‘! by the applicant.
E:} the text has been established by this Authority to read as follows:

3. With regard to the abstract,
the text is approved as submitted by the applicant.
E the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. [V, The applicant

may, within one month from the date of mailing of this international scarch report, submit comments to this Authority.

6. With regard to the drawings,

3 the figure of the drawings to be published with the abstract is Figure No. 1

}A as suggested by the applicant
m as selected by this Authority, because the applicant failed to suggest a figure.
as selected by this Authority, because this figure better characterizes the mvention.

b. m none of the figures is 10 be published with the abstract.

Form PCTASAS210 (first sheet) (July 2009)
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INT ERNA'HC’NAL SEARCH REPORT

PCT/US2013/052206 31.10.2013

International application No.
PCT/US2013/052206

A CLASSIFICATION OF SUBJECT MATTER
PC(B) - HOAW 40/00 (2013.01)
USPC - 370/338

According to International Patent Classification (IPC) or to both national classification and 1PC

B FIELDS SEARCHED

IPC(8) - HOAW 40700, 64/00 (2013.01)
USPC - 370/338, 386 ’

Minimum documentation searched (classification system followed by classification symbols}

CPC - HO4W 40/00, 64/00 (2013.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Qrbit, Google Patents, Google Scholar

Electronic data base consulied during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passagés Relevant to claim No.
X Ué 2012/0039320 A1 (LEMSON et ai} 16 February 2012 {16.02.2012) entire document 1,5-15,17,18,

v ‘ 2.4,16,19

Y US 2002/0119772 A1 (YOSHIDA] 28 August 2002 (29.08.2002) entire document 2-4

Y WO 2012/024348 A1 (STAPLETON et al) 23 February 2012 (23.02.2012) entire document 18,18

A US 2005/0153743 At (BERRA et al) 14 July 2006 {14.07.2005) entire document 1-19

E Further documents are listed in the continuation of Box C.

L]

* Special categories of cited documents:

“A”  docurnent defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date :

L7 document which may throw doubts on priority claim(s}) or which is

- cited to establish the publication date of another citation or other

special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P"  document published prior to the international filing date but iater than

the priority date claimed

“T”  later document published after the international filing date or prionity
date and not in conflict with the apﬁhcaﬁmn but cited to understand

the principle or theory undeslying the invention

“X”  document of particular relevance, the claimed invention caanot be
considered novel or cannot be considered to involve an inventive

step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more othar such documents, such combination
being obvious to a person skilled in the an

sy

“&” document member of the same patent family

Date of the actual completion of the international search

24 October 20173

Date of mailing of the international search report

310CT 2013

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No.  571-273-3201

Authorized officer:
Bl1-18aine R. Copenheaver

PCT Heipdesk: 571-272.4300
PCT QSP: 571-272-7774

Form PCT/ISA/210 {second sheet} (July 2009)
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PCTIUS2013/052206 31.10.2013

PATENT COOPERATION TREATY

From the

INTERNATIONAL SEARCHING AUTHORITY

To: CRAIG C. LARGENT

1080 MARSH RCAD
MENLO PARK, CA 84025

KILPATRICK TOWNSEND & STOCKTON LLP

PCT

WRITTEMN OPINION OF THE
INTERMNATIONAL SEARCHING AUTHORITY

{(PCT Rule 43bis.1)

Date of mailing
{day/monthiyear)

3 10CT 2013

Applicant’s or agent’s file reference

g1172-88157¢

FOR FURTHER ACTION

See paragraph 2 below

International application No.

POT/AUS2013/052206

international filing date (day/monthlyear)

26 July 2013

Priority date (day/monthfyear)

31 July 2012

1PC(8) - HO4W 40/00 (2013.01)
-USPC - 370/338

International Patent Classitication (1PC) or both nationaf classification and [PC

Applicant DALI SYSTEMS CO. LTD.

[:} Box No. i Priority

12

2. FURTHBER ACTION

i. This opinion contains indications relating to the following nems:

Box No. 1 Basis of the opinion

E] Box No. [l Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
D Box MNo. IV Lack of unity of invention o V
=

Box Mo, V' Reasoned statement under Rule 43his. 1(a)(i) with regard to novelty, inventive step or industrial applicability:
citations and explanations supporting such statement

D Box Ne. V1 Certain documents cited
EE Box No. VII  Certain defects in the international application

E Box No. Vil Certain observations on the international application

If a demand for international preliminary examination is made, this opinton wil be considered to be a written opinion of the
International Preliminary Examining Authority (“IPEA”) except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.15is(b} that written
opinions of this Intemational Searching Authority will not be so considered.
If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the IPEA
a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing of Form
PCTASAZ0 or before the expiration of 22 months from the priority date, whichever cxpires later.

For further options, see Form PCT/ASA/220.

Name and mailing address of the ISA/US
Maif Stop PCT, Attn: ISA/US

Commissioner for Patents

P.0O. Box 1450, Alexandnia, Virginia 22313-1450

Facsimile No. 574-273-3201

Date of completion of this spinion

24 Qoctober 2013

Authorized officer:
Biaine R. Copenheaver

POT Helpdesk; 571-272-4300
PCT QSP. 571-272.7774

Form PCT/ISA/237 (cover sheet) (July 2011)
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PCT/US2013/052206 31.10.2013

WRITTEN OPINION OF THE Emcmanona! application No.
INTERNATIONAL SEARCHING AUTHORITY ) PCTUS2013/052208
Box No. ¥ Basis of this opinion

I. With regard to the language, this opinion has been established on the basis of

{g the international application in the language tn which it was filed.

{:} a translation of the international application into which is the language of 3
transiation furnished for the purposes of international search (Rules 12.3(a) and 23.1{b).

2. [j This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 {Rule 435is 1(a))

3. With regard to any nuscieotide and/or amine acid sequence disclosed in the international application, this opinion has been .
established on the basis of a sequence listing filed or furnished:

a.  {mecans)
m on paper
L]

in efectronic form

in the international application as filed

together with the international application in electronic form

EEEH

subsequently to this Authority for the purposes of search

4. f_—] In addition, in rthe case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copics is identical to that in the application as filed or
does not go beyond the application as filed, as appropriate, were furnished.

“

Additional comments:

Form PCT/ASA/237 (Box No. 1) (July 201 1)

CommScope Exhibit 1002



PCT/US2013/052206 31.10.2013

. WRITTEN GPINIGN OF THE International application No.

INTERNATIONAL SE’ARCHENG AUTHORITY PrTAIS2013/052206

Box No. V Reasoned statement under Rule 435i5.3(a)(}) with regard ts movelty, inventive step or industrial applicability;
citations and explanations supporting such statement

i Statement

Novelty (N) © Claims 2-4.6,8,12, 14,18 . YES
Claims 1.5,7,9-11,13-15,17,18 NG

Inventive step {IS) Claims None . : YES
Claims t-19 : NG

Indusirial applicability {1A) Claims 1-19 YES
’ ’ Claims None NO

2. Citations and explanations: -

Ciaims 1.5, 7, 9-11, 13-15, 17, 18 lack novelty under PCT Article 33{2) as being anticipated by Lemson et al,, hereinafter referred to as
Lemson. : .

Regarding claim 1, Lemson discloses a system for dynamically routing signals in a Distributed Antenna System {Distributed Antenna
system, abstract; Flexibie Simulcast supports dynamic andior manual rearrangement [rerouting signals] of which spacific RRU are
involved in signal combining process, para 8032}, the system comprising: a plurality of Digital Access units (DAUSs), wherein the plurality of
DAUs are coupled and operabie to route signals between the piurality of DAUs (DAU1 [101] and DAUZ [102] [plurality of DALS] are
coupled and operable to route signals between them using bidirectional optical cable 113, para G030, see fig. 1} a plurality of Digital
Remote Units (DRUs) coupled to the plurality of DAUs (RRUT [here RRU is the DRU of the inventor specification] and RRUZ are coupled
to DAL, RRU3, RRU4 are coupled to DAUZ, see fig. 1, para 0030) and operable fo transport signals between DRUs and DAUSs {(one
signatl from DAU1 is fed to RRU1, RRUZ is fed by second opticatl port via bidirectionai optical cable 114 to RRUZ, para 0030, see fig. 1;
RRUS is coupled to RRU4 via optical cable 115, para 0031, see fig. 1 jwhere RRU3 is fed by DAUZ]); a plurality of Base Transceiver
Stations (BTS ) (Composite downlink input signal 107 from a base station enters DAU1 al the DAUT RF input port, 38 second composite
downtink input signal from asecond base station [multiple BTSs] enters DAU2 at the DAU2 RF input port, para 0030, see fig. 1; base
transceiver station, para 0049); a plurality of traffic monitoring modules {DAU Monitoring module feach DAL has one module so DAUT and
DAUZ have the modules so phurality of monitoring modules] determining and setting the appropriate amount of radio resources; para 0081,
see fig. 7} and a network optimization goal and optimization algorithm {an algorithm operating within the DAU monitoring module detects
which carriers and corresponding time slots for each carrier are active for each RRU and control modification of system based on usage
{network optimization algorithm with a3 goal of modification based on the load], para 0052, para 0016 [optimization]). .

Regarding claim 5, Lemson discloses a system for dynamically routing signals in a Distributed Anterna System (Distributed Antenna
system, abstract; Flexible Simulcast supports dynamic andfor manual rearrangement [rerouting signals] of which specific RRU are
invoived in signal combining process, para 0039), the system comprising: a plurality of Digital Access units (DAUS), wherein the plurality of
DAUSs are coupied and operable 1o route signals between the piurality of DAUs (DAUT [101] and DAUZ [102] [plurality of DAUs] are
coupled and operable to route signals betwaen them using bidirectional optical cable 113, para 0030, see fig. 1); a plurality of Digital
Remote Units (DRUs) coupled to the plurality of DAUs (RRU1 [here RRU is the DRU of the invenior specification] and RRU2 are coupled
{o DAU1, RRU3, RRUY are coupled to DAUZ, see fig. 1. para 0030) and operable to transport signals between DRUs and DAUSs {one
signal from DAUT is fed to RRU1, RRUZ is fed by second optical port via bidirectiona! optical cable 114 o RRU2, para 0030, see fig. 1; U
RRUS is coupled to RRUA4 via optical cable 115, para G031, ses fig. 1 fwhere RRU3 is fed by DAU2Y}, one or more Base Transceiver
Stations (BTSs) {Composite downlink input signal 107 from a base station enters DAU1 at the DAU1 RF input port, a second composite
dowrnlink input signal from a second base station [multipte BTSs] enters DAUZ at the DAUZ RF input port, para 0030, see fig. 1; base
transceiver station, para 0048); and one or more traffic monitoring units (DAU Monitoring module feach DAU has one module so DAUT
and DAU2 have the modules so plurality of monitoring modules] determining and setting the appropriate amount of radio resources, para
0051, see fig. 7). ’

Regarding claim 7, Lemson teaches wherein the one or more traffic monitoring units comprise a plurality of traffic monitoring units each
provided as a component of each of the piurality of DAUs {DAU Monitoring module {gach DAU has one moduta so DAUT and DAUZ have
the modules so plurality of monitoring modules] determining and setting the appropriate amount of radio resources, para 0051, see fig. 7
fthe module is intermnal to the DAU so component of the DAUY). -

Form PCT/ASA/237 (Box No. V) {July 201 1)
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Supplemental Box

iIn case the space in any of the preceding boxes is ot suificient.

Continuation of:

Reqarding claim 9, Lemson teaches wherein the one or mare traffic monitoring units comprise a plurality of raffic monitoring units each
provided as 3 component of each of the plurality of DRUs (RRU management control module {internal or component of the DRUJ sets the
individua! parameters of the RRU digital up converiers to enable or disable specific tadio resources {traffic control], para 0081, 00582},

Regarding claim 10, Lemson teaches wherein the one or more-traffic monitoring units is external to the pluraiity of BYSs and coupled to
each of the plurality of BTSs (DAU Monitoring module [each DAU has one module so DAUT and DAUZ have the modules so plurality of
monitoring modules] determining and setting the appropriate amount of radio resources, para 0051, see fig. 7; wherein the DAU are
connected to the BTS, sae fig. 1 {external to the BTSs]).

Regarding ctaim 11, Lemson teaches a network optimization processor coupled to the fraffic monitoring unit {a network operations center
{NCC} coupled to the DAU [which has the internal monitoring unit] which requests and identifies the BTS where the user has placed the
cait and asks DAU to determine the radio signature, para 0049).

Regarding claim 13, Lemson teaches wherein the plurality of DAUs are coupled via at least one of Ethernet cable, Optical Fiber (DALY
and DAU2 are ::ﬁup!eﬂd using a bidirectional optical cable ‘i’i’i para 0030, see fig. 1), Microwave Line of Sight Link, Wireless Link, or
- Satellite Link,

Regarding claim 14, Lemson {eaches wherein the pluraiity of DAUs are coupled to the piurality of DRUs via at ieast one of Ethernet cable,
Optical Fiber (DAU1 uses an optical port {opiical fiber] to feed RRIJ and RRU1 is connected to RRUZ by bidirectional optical cable, para
0030, see fig. 1), Microwave Line of Sight Link, Wireless Link, or Sateliite Link.

Regarding claim 15, Lemson teaches wherein the DRUs are connected in a daisy chain conf.qaraucn {Optical cable 114 performs the
function of daisy chaining RRU2 with RRU1, para 0030, see fig. 1).

Regarding claim 17, Lemson teaches wherein the DAUs are connected to the 8TSs via at least one of a Ethernet cable, Optical Fiber,
Microwave Line of Sight Link {8TS signal is fed to the DAY via a RF input part where the RF signals are received from BYS, para 0030},
Wireless Link, or Satellite Link.

Regarding claim 18, Lemson teaches wherein the DRUs are connected in 2 loop to a plurality of DAUs (DAU is coupled to a daisy chain of
RRUs and in a loop, para 0030, see fig. 1).

Claims 6, 8, 12 lack an inventive step under PCT Article 23(3) as being obvious over Lemson.

Ragarding claims 6 and 8, Lemson lacks the teaching wherein the one of more traffic monitoring units is external to the plurality of DAUs
and coupled to each of the piuraiity of DAUs. However, Lemson teachas wharein the one or more iraffic monitoring units is intemnal to the
plurality of DAUSs and coupled to each of the plurality of DAUs {(DAU Monitoring module [each DAU has one module so DAUT and DAU2
have the modules so plurality of monitoring modules] determining and setiing the appropriate amsunt of radio resources, para 0051, see
fig. 7). Further, Lemson teachas 3 network Operation center which conirols operation and assignment of users o the corresponding BTS
external to the DAU and coupled to the DAL (Netwark Operation Center (NOC) via external modem to DAU, para 0048, see fig. 5).
Furthermore, defining a structural component with same functions to be internal or exiernal would have been a matter of design choice.
Therefore, it would have been obvious to one of ordinary skill in the art at the time of the invention to incorporate the traffic monitoring unit
in the invention of Lemson for the purpose of dynamically reconfiguring the %y&tem {madification} to balance the load (Lemsocn, para 30581,
abstract). ,

Regarding claim 12, Lemson lacks the teaching wherein the network optimization processor comprises an gptimization algorithm, which
optionaily includes an optimization goal. Howavar, Lemson teaches a network optimization goal and optimization algorithm {(an aigerithm
operating within the DAL monitoring moduie detects which carriers and corresponding time siots for each carrier are active for each RRU
and control modification of system based on usage [network optimization algorithm with a goal of modification based on the load], para
0052, para 0016 [optimization]). Furthermore, defining a specific position or component for the aigorithm would have been a matter of
design choice. Therefore, it would have been cbvious to one of ordinary skill in the art at the time of the invention to incorporate the
network optimization algorithm in the invention of Lemson for the purpose of dynamically reconfiguring the systern {modification) te balance
the load .{Lemson, para 0051, abstract},

Form PCT/ISA/237 {(Supplemenial Box) (July 2011}
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Claims 2-4 tack an inventive step under PCT Article 33(3) as being obvious aver Lemson and in view of Yoshida.

Regarding claims 2 and 3, Lemson lacks the teaching wherein the Base Transceiver Station comprises a pluratity of small cells. However,
t.emson teaches a base transceiver station comprising a cell (3 user can be located in a BTS cell, para 0048). Yoshida is in the field of
base testing for use in testing an active base transceiver. station (abstract) and teaches wherein the Base Transceiver station comprises a
pluraiity of small cells (BTS has a call divided into three or six sectors [cover different areas], para 0003, BTS2 is divided into six sectors,
para 0039, see fig. 1 [each base station has 3 independent radio resources known as sectors, para 8027}). Therefore, it would have been
obvious to one of ordinary skill in the art at the time of the invention o use the teachings of Yoshida to incorporate the sectors in the
invention of Lemson for the purpose of repeatediy utilizing the same radic wave resources in a plurality of the BTS and accommaodate a
great number of subscribers in each 8BTS (Yoshida, para 0003).

Regarding claim 4, Lemson teaches wherein the wherein the network optimization goal comprises a percentage of users associated with
each of a piurality of DRUs {DAU Monitoring modute [each DAU has one module so DAUT and DAUZ2 have the modules so plurality of
monitoring modules] determining and setting the appropriate amount of radio resources, para 0051, see fig. 7, wherein the module controls
the downiink inad of carrier based on parcentage [of users as the usage of the RRUs] of carrier and in the RRU's coresponding coverage
area, para 0052). Lemson lacks the teaching of plurality of sectors. Yoshida teaches wherein the Base Transceiver station comprises a
piurality of smatl celis (BTS has a cell divided into three or six sectors [cover different areas], para 0003, BTS2 is divided into six sectors,
para 0039, ses fig. 1 [each base station has 3 independent radio resources known as sectors, para $0271). Therefore, it would have been
obvious to one of ordinary skill in the art at the time of the invention 1o use the teachings of Yoshida to incorporate the sectors in the
invention of Lemson for the purpose of repeatediy utilizing the same radic wave resources in a plurality of the BTS and accommodate a
great number of subscribers in each BTS (Yoshida, para 0003).

Claims 18, 19 fack an inventive step under PCT Article 33(3) as béing chvious over Lemson and in view of Stapleton et al., hereinafter
referred to as Stapleton,

Regarding claim 18, Lemson lacks the teaching wherein the DRUs are connected to the DAUS in a star configuration. Stapleton is in the
field of daisy-chained ring of remote units for a disiributed antenna system (litie, abstract) and teaches wherein the DRUs are connectad to
the DAUSs in 8 star configuration (DAL coupled to DRUs 125A-125C arranged in a ring configuration, para 0029, see fig. 1). Fuithermore,
defining a specific configuration for communication was well known in the art and the specifics would have been a matter of design choice.
Therefore, it would have been obvious to one of ordinary skill in the art at the time of the invention to use the teachings of Stapleton 1o
incorporate the configuration of the DRUSs in the invention of Lemson for the purpose of connecting in a ring configuration faull tolerance is
built into the system resulling in high availability {Stapleton, para G008},

Regarding claim 19, Lemson lacks the teaching wherein a single DAU port is connected to a plurality of Base Transceiver Stations.
Siapleton teaches wherein a single DAU port is connectad to a plurality of Base Transceiver Stations (RF input signals 1204 through 1208
are received at the DAU 105 from one or more Base Station unils (BTS) at 110A through 110p. para 00029, see fig. 1}. Therefore, it would
have been obvicus to one of ordinary skill in the art at the time of the invention fo use the teachings of Stapleton to incorporate the single
DAL to multiple BTSs in the invention of Lemson for the purpose of defivering paralisl data streams to different DRUs {Stapiston, para
o020},

Claims 1-19 meet the criteria set out in PCT Article 33(4), and thus have industrial applicability bacause the subject matler claimed can be
made or usad in industry.

Form PCTASA/237 {Supplemental Box) (July 201 1)
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Box Mo, V' Reasoned statement under Rule 43his. 1(a)(i) with regard to novelty, inventive step or industrial applicability:
citations and explanations supporting such statement

D Box Ne. V1 Certain documents cited
EE Box No. VII  Certain defects in the international application

E Box No. Vil Certain observations on the international application
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INTERNATIONAL SEARCHING AUTHORITY ) PCTUS2013/052208
Box No. ¥ Basis of this opinion

I. With regard to the language, this opinion has been established on the basis of

{g the international application in the language tn which it was filed.

{:} a translation of the international application into which is the language of 3
transiation furnished for the purposes of international search (Rules 12.3(a) and 23.1{b).

2. [j This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 {Rule 435is 1(a))

3. With regard to any nuscieotide and/or amine acid sequence disclosed in the international application, this opinion has been .
established on the basis of a sequence listing filed or furnished:

a.  {mecans)
m on paper
L]

in efectronic form

in the international application as filed

together with the international application in electronic form

EEEH

subsequently to this Authority for the purposes of search

4. f_—] In addition, in rthe case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copics is identical to that in the application as filed or
does not go beyond the application as filed, as appropriate, were furnished.

“

Additional comments:

Form PCT/ASA/237 (Box No. 1) (July 201 1)
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Box No. V Reasoned statement under Rule 435i5.3(a)(}) with regard ts movelty, inventive step or industrial applicability;
citations and explanations supporting such statement

i Statement

Novelty (N) © Claims 2-4.6,8,12, 14,18 . YES
Claims 1.5,7,9-11,13-15,17,18 NG

Inventive step {IS) Claims None . : YES
Claims t-19 : NG

Indusirial applicability {1A) Claims 1-19 YES
’ ’ Claims None NO

2. Citations and explanations: -

Ciaims 1.5, 7, 9-11, 13-15, 17, 18 lack novelty under PCT Article 33{2) as being anticipated by Lemson et al,, hereinafter referred to as
Lemson. : .

Regarding claim 1, Lemson discloses a system for dynamically routing signals in a Distributed Antenna System {Distributed Antenna
system, abstract; Flexibie Simulcast supports dynamic andior manual rearrangement [rerouting signals] of which spacific RRU are
involved in signal combining process, para 8032}, the system comprising: a plurality of Digital Access units (DAUSs), wherein the plurality of
DAUs are coupled and operabie to route signals between the piurality of DAUs (DAU1 [101] and DAUZ [102] [plurality of DALS] are
coupled and operable to route signals between them using bidirectional optical cable 113, para G030, see fig. 1} a plurality of Digital
Remote Units (DRUs) coupled to the plurality of DAUs (RRUT [here RRU is the DRU of the inventor specification] and RRUZ are coupled
to DAL, RRU3, RRU4 are coupled to DAUZ, see fig. 1, para 0030) and operable fo transport signals between DRUs and DAUSs {(one
signatl from DAU1 is fed to RRU1, RRUZ is fed by second opticatl port via bidirectionai optical cable 114 to RRUZ, para 0030, see fig. 1;
RRUS is coupled to RRU4 via optical cable 115, para 0031, see fig. 1 jwhere RRU3 is fed by DAUZ]); a plurality of Base Transceiver
Stations (BTS ) (Composite downlink input signal 107 from a base station enters DAU1 al the DAUT RF input port, 38 second composite
downtink input signal from asecond base station [multiple BTSs] enters DAU2 at the DAU2 RF input port, para 0030, see fig. 1; base
transceiver station, para 0049); a plurality of traffic monitoring modules {DAU Monitoring module feach DAL has one module so DAUT and
DAUZ have the modules so phurality of monitoring modules] determining and setting the appropriate amount of radio resources; para 0081,
see fig. 7} and a network optimization goal and optimization algorithm {an algorithm operating within the DAU monitoring module detects
which carriers and corresponding time slots for each carrier are active for each RRU and control modification of system based on usage
{network optimization algorithm with a3 goal of modification based on the load], para 0052, para 0016 [optimization]). .

Regarding claim 5, Lemson discloses a system for dynamically routing signals in a Distributed Anterna System (Distributed Antenna
system, abstract; Flexible Simulcast supports dynamic andfor manual rearrangement [rerouting signals] of which specific RRU are
invoived in signal combining process, para 0039), the system comprising: a plurality of Digital Access units (DAUS), wherein the plurality of
DAUSs are coupied and operable 1o route signals between the piurality of DAUs (DAUT [101] and DAUZ [102] [plurality of DAUs] are
coupled and operable to route signals betwaen them using bidirectional optical cable 113, para 0030, see fig. 1); a plurality of Digital
Remote Units (DRUs) coupled to the plurality of DAUs (RRU1 [here RRU is the DRU of the invenior specification] and RRU2 are coupled
{o DAU1, RRU3, RRUY are coupled to DAUZ, see fig. 1. para 0030) and operable to transport signals between DRUs and DAUSs {one
signal from DAUT is fed to RRU1, RRUZ is fed by second optical port via bidirectiona! optical cable 114 o RRU2, para 0030, see fig. 1; U
RRUS is coupled to RRUA4 via optical cable 115, para G031, ses fig. 1 fwhere RRU3 is fed by DAU2Y}, one or more Base Transceiver
Stations (BTSs) {Composite downlink input signal 107 from a base station enters DAU1 at the DAU1 RF input port, a second composite
dowrnlink input signal from a second base station [multipte BTSs] enters DAUZ at the DAUZ RF input port, para 0030, see fig. 1; base
transceiver station, para 0048); and one or more traffic monitoring units (DAU Monitoring module feach DAU has one module so DAUT
and DAU2 have the modules so plurality of monitoring modules] determining and setting the appropriate amount of radio resources, para
0051, see fig. 7). ’

Regarding claim 7, Lemson teaches wherein the one or more traffic monitoring units comprise a plurality of traffic monitoring units each
provided as a component of each of the piurality of DAUs {DAU Monitoring module {gach DAU has one moduta so DAUT and DAUZ have
the modules so plurality of monitoring modules] determining and setting the appropriate amount of radio resources, para 0051, see fig. 7
fthe module is intermnal to the DAU so component of the DAUY). -

Form PCT/ASA/237 (Box No. V) {July 201 1)
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iIn case the space in any of the preceding boxes is ot suificient.

Continuation of:

Reqarding claim 9, Lemson teaches wherein the one or mare traffic monitoring units comprise a plurality of raffic monitoring units each
provided as 3 component of each of the plurality of DRUs (RRU management control module {internal or component of the DRUJ sets the
individua! parameters of the RRU digital up converiers to enable or disable specific tadio resources {traffic control], para 0081, 00582},

Regarding claim 10, Lemson teaches wherein the one or more-traffic monitoring units is external to the pluraiity of BYSs and coupled to
each of the plurality of BTSs (DAU Monitoring module [each DAU has one module so DAUT and DAUZ have the modules so plurality of
monitoring modules] determining and setting the appropriate amount of radio resources, para 0051, see fig. 7; wherein the DAU are
connected to the BTS, sae fig. 1 {external to the BTSs]).

Regarding ctaim 11, Lemson teaches a network optimization processor coupled to the fraffic monitoring unit {a network operations center
{NCC} coupled to the DAU [which has the internal monitoring unit] which requests and identifies the BTS where the user has placed the
cait and asks DAU to determine the radio signature, para 0049).

Regarding claim 13, Lemson teaches wherein the plurality of DAUs are coupled via at least one of Ethernet cable, Optical Fiber (DALY
and DAU2 are ::ﬁup!eﬂd using a bidirectional optical cable ‘i’i’i para 0030, see fig. 1), Microwave Line of Sight Link, Wireless Link, or
- Satellite Link,

Regarding claim 14, Lemson {eaches wherein the pluraiity of DAUs are coupled to the piurality of DRUs via at ieast one of Ethernet cable,
Optical Fiber (DAU1 uses an optical port {opiical fiber] to feed RRIJ and RRU1 is connected to RRUZ by bidirectional optical cable, para
0030, see fig. 1), Microwave Line of Sight Link, Wireless Link, or Sateliite Link.

Regarding claim 15, Lemson teaches wherein the DRUs are connected in a daisy chain conf.qaraucn {Optical cable 114 performs the
function of daisy chaining RRU2 with RRU1, para 0030, see fig. 1).

Regarding claim 17, Lemson teaches wherein the DAUs are connected to the 8TSs via at least one of a Ethernet cable, Optical Fiber,
Microwave Line of Sight Link {8TS signal is fed to the DAY via a RF input part where the RF signals are received from BYS, para 0030},
Wireless Link, or Satellite Link.

Regarding claim 18, Lemson teaches wherein the DRUs are connected in 2 loop to a plurality of DAUs (DAU is coupled to a daisy chain of
RRUs and in a loop, para 0030, see fig. 1).

Claims 6, 8, 12 lack an inventive step under PCT Article 23(3) as being obvious over Lemson.

Ragarding claims 6 and 8, Lemson lacks the teaching wherein the one of more traffic monitoring units is external to the plurality of DAUs
and coupled to each of the piuraiity of DAUs. However, Lemson teachas wharein the one or more iraffic monitoring units is intemnal to the
plurality of DAUSs and coupled to each of the plurality of DAUs {(DAU Monitoring module [each DAU has one module so DAUT and DAU2
have the modules so plurality of monitoring modules] determining and setiing the appropriate amsunt of radio resources, para 0051, see
fig. 7). Further, Lemson teachas 3 network Operation center which conirols operation and assignment of users o the corresponding BTS
external to the DAU and coupled to the DAL (Netwark Operation Center (NOC) via external modem to DAU, para 0048, see fig. 5).
Furthermore, defining a structural component with same functions to be internal or exiernal would have been a matter of design choice.
Therefore, it would have been obvious to one of ordinary skill in the art at the time of the invention to incorporate the traffic monitoring unit
in the invention of Lemson for the purpose of dynamically reconfiguring the %y&tem {madification} to balance the load (Lemsocn, para 30581,
abstract). ,

Regarding claim 12, Lemson lacks the teaching wherein the network optimization processor comprises an gptimization algorithm, which
optionaily includes an optimization goal. Howavar, Lemson teaches a network optimization goal and optimization algorithm {(an aigerithm
operating within the DAL monitoring moduie detects which carriers and corresponding time siots for each carrier are active for each RRU
and control modification of system based on usage [network optimization algorithm with a goal of modification based on the load], para
0052, para 0016 [optimization]). Furthermore, defining a specific position or component for the aigorithm would have been a matter of
design choice. Therefore, it would have been cbvious to one of ordinary skill in the art at the time of the invention to incorporate the
network optimization algorithm in the invention of Lemson for the purpose of dynamically reconfiguring the systern {modification) te balance
the load .{Lemson, para 0051, abstract},

Form PCT/ISA/237 {(Supplemenial Box) (July 2011}
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Claims 2-4 tack an inventive step under PCT Article 33(3) as being obvious aver Lemson and in view of Yoshida.

Regarding claims 2 and 3, Lemson lacks the teaching wherein the Base Transceiver Station comprises a pluratity of small cells. However,
t.emson teaches a base transceiver station comprising a cell (3 user can be located in a BTS cell, para 0048). Yoshida is in the field of
base testing for use in testing an active base transceiver. station (abstract) and teaches wherein the Base Transceiver station comprises a
pluraiity of small cells (BTS has a call divided into three or six sectors [cover different areas], para 0003, BTS2 is divided into six sectors,
para 0039, see fig. 1 [each base station has 3 independent radio resources known as sectors, para 8027}). Therefore, it would have been
obvious to one of ordinary skill in the art at the time of the invention o use the teachings of Yoshida to incorporate the sectors in the
invention of Lemson for the purpose of repeatediy utilizing the same radic wave resources in a plurality of the BTS and accommaodate a
great number of subscribers in each 8BTS (Yoshida, para 0003).

Regarding claim 4, Lemson teaches wherein the wherein the network optimization goal comprises a percentage of users associated with
each of a piurality of DRUs {DAU Monitoring modute [each DAU has one module so DAUT and DAUZ2 have the modules so plurality of
monitoring modules] determining and setting the appropriate amount of radio resources, para 0051, see fig. 7, wherein the module controls
the downiink inad of carrier based on parcentage [of users as the usage of the RRUs] of carrier and in the RRU's coresponding coverage
area, para 0052). Lemson lacks the teaching of plurality of sectors. Yoshida teaches wherein the Base Transceiver station comprises a
piurality of smatl celis (BTS has a cell divided into three or six sectors [cover different areas], para 0003, BTS2 is divided into six sectors,
para 0039, ses fig. 1 [each base station has 3 independent radio resources known as sectors, para $0271). Therefore, it would have been
obvious to one of ordinary skill in the art at the time of the invention 1o use the teachings of Yoshida to incorporate the sectors in the
invention of Lemson for the purpose of repeatediy utilizing the same radic wave resources in a plurality of the BTS and accommodate a
great number of subscribers in each BTS (Yoshida, para 0003).

Claims 18, 19 fack an inventive step under PCT Article 33(3) as béing chvious over Lemson and in view of Stapleton et al., hereinafter
referred to as Stapleton,

Regarding claim 18, Lemson lacks the teaching wherein the DRUs are connected to the DAUS in a star configuration. Stapleton is in the
field of daisy-chained ring of remote units for a disiributed antenna system (litie, abstract) and teaches wherein the DRUs are connectad to
the DAUSs in 8 star configuration (DAL coupled to DRUs 125A-125C arranged in a ring configuration, para 0029, see fig. 1). Fuithermore,
defining a specific configuration for communication was well known in the art and the specifics would have been a matter of design choice.
Therefore, it would have been obvious to one of ordinary skill in the art at the time of the invention to use the teachings of Stapleton 1o
incorporate the configuration of the DRUSs in the invention of Lemson for the purpose of connecting in a ring configuration faull tolerance is
built into the system resulling in high availability {Stapleton, para G008},

Regarding claim 19, Lemson lacks the teaching wherein a single DAU port is connected to a plurality of Base Transceiver Stations.
Siapleton teaches wherein a single DAU port is connectad to a plurality of Base Transceiver Stations (RF input signals 1204 through 1208
are received at the DAU 105 from one or more Base Station unils (BTS) at 110A through 110p. para 00029, see fig. 1}. Therefore, it would
have been obvicus to one of ordinary skill in the art at the time of the invention fo use the teachings of Stapleton to incorporate the single
DAL to multiple BTSs in the invention of Lemson for the purpose of defivering paralisl data streams to different DRUs {Stapiston, para
o020},

Claims 1-19 meet the criteria set out in PCT Article 33(4), and thus have industrial applicability bacause the subject matler claimed can be
made or usad in industry.

Form PCTASA/237 {Supplemental Box) (July 201 1)
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5Beceae87e0b6aela5c07891019a73a939¢e]
4c44

Warnings:

Information:

632055

37 Non Patent Literature 10333-41_0OA_07-01-2015.pdf no 15

3154a3ea421f9308a1c7f118bcch3b492c23|
b5

Warnings:

Information:

532979

38 Non Patent Literature 10333-41_0OA_02-02-2016.pdf no 14

e4273a67378a0e16c37a6b7ealab%a4202f]
28e7a

Warnings:

Information:

543399

39 Non Patent Literature 10333-41_0OA_08-08-2016.pdf no 14

a45bc46df310562e7aae3382000298f9%¢4 1|
a726

Warnings:

Information:
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715849

40 Non Patent Literature 10333-41_OA_03-30-2017.pdf no 18

350a473af762a53ae8e577afb5ce 1559158
937

Warnings:

Information:

718147

41 Non Patent Literature 10333-41_0OA_09-28-2017.pdf no 19

070e96ba4a3bfas514f76ecc2d0d6633fec21

Warnings:

Information:

795434

42 Non Patent Literature 10333-41_0OA_08-27-2018.pdf no 21

2154¢8533c17cae9bf7 175a65809121879

Warnings:

Information:

450211

43 Non Patent Literature 10333-41_NOA_07-24-2019.pdf no 8

557cd2e4da98e5570066c932b11015faef4
be761

Warnings:

Information:

8532433

44 Non Patent Literature PART_0001_Corning.pdf no 87

cd53858096bcd44680405a2a22315fe32fe4

Warnings:

Information:

17263543

45 Non Patent Literature PART_0002_Corning.pdf no 265

32320a3ab63c8a8c056bfAc59d4bf437e509)

Warnings:

Information:

7478130

46 Non Patent Literature PART_0003_Corning.pdf no 124

9384elecfa7b72a72b0e81e0729c38bf4164

Warnings:

Information:
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11758357

47 Non Patent Literature PART_0004_Corning.pdf no 149
dadf6749c2dfb8fe40fe65d86e5b9bed9e8s|
6faa
Warnings:
Information:
30411
48 Fee Worksheet (SB06) fee-info.pdf no 2
81fa956fff61d7098c9c559748605910897
Warnings:
Information:
Total Files Size (in bytes)1 81811515

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PART B - FEE(S) TRANSMITTAL
Coraplete and send this form, together with applicable fee(s), by mail or fax, or via EF5-We
By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents

P.G. Box 1450
Alexandria, Virgiﬁia 22313-1450

INSTRUCTIONS

‘[,n..

N(,re A" g

T CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Fee cannol [’f’ ysed ror any ?‘he? accompanying
paper It as an assignment or formal drawing, must
have its own certificate of mailing or transmission

167137 7590 04/09/2020 Certificate of Mailing or Transmission

SHERIDAN ROSS PC I hereby certify that this Feefs) Transmitial is being deposited with the United
T o States Postal Service with sufficient postage for first class mail in an envelope
1560 Broadway addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Suite 1200 the USPTO via EFS-Web or by facsimile to (371) 273-2885, on the date below.
Denver, CO 80202 Joanne Vos (Typed or printed name)
/Joanne Vos/ (Signature)
July 6, 2020 (Date)
g APPLICATION NO. l FILING DATE E FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. E CONFPIRMATION NO. I

16/661,368 10/23/2019 Shawn Patrick Stapleton 16333-41-CON 6065

TITLE OF INVENTION: OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA S§YSTEM

E APPLN. TYPE I ENTITY STATUS I 188UE FEE DUE E PUBLICATION FFE DUE [ PREV. PAID ISSUE FEE E TOTAL FEE(S) DUE E DATE DUE i
nonprovisional SMALL $500 $0.00 $0.06 $500 07/09/2020
g EXAMINER i ART UNIT E CLASS-SURCLASS [
SAMS, MATTHEW C 2646 455-445000
Chm:e of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
¥ (1) The names of up to 3 registered patent attorneys Jason H. Viek

ternatively. 1

gle firm {having merber .
5 Sheridan Ross, PC

or agents OR, all
(2) The name of a

Addmssr OTTH Pi()/\“% 122y dnaLhc\J

:i . P 3 N . registered patent AmePy> or dgcms I no name is

‘wd "Pee Address” indication (or "Fee Address” Indication form PTO/ d, no name will be printed.
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TC BE PRINTED ON THE PATENT {print or type}
PLEASE NOTE: Ualess an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assigniment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
DAL WIRELESS, INC. MENLO PARK, CA

()

G on the patent} © iwd ladividual lﬁi!fﬁporaimn or other private group entity wl Government

Please check the appropriate assignee vy or categortes (will not be pr
4s. Fees submitted: ﬁ ssue Fee

4b. Method of Payment: (Please first reapply any previously paid fee shown above}

LdPublication Fee (if required} [ JAdvance Order - # of Copies

Electronic Payment via EFS-Web 'wd Enclosed check [.f Nop-electronic payment by credit card {Attach form PTO-2038)

The Drivector is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 19* 197@

5. Change in Entity Status (from status indicated sbove)

je erity NICTO y status. See 37 29 .
3 Applicant certifying nucro entity status. See 37 CFR 1. Vmem in th e iCro entlty !

h g ion was previ ic ]

to be a notification of loss of entt tluﬂ 5t to micro entit ¥ stats.

7 Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
B N enfity status, 35 applicable.

See 37 CFR 1.27

i Applicant asserting small entity status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature fdason H. Viek/ Date July 8, 2020
Typed or printed name Jason H. Vick Registration No. 45,285

Page20of3
PTOL-85 Part B (08-18) Approved for use through 03/31/2020 OMRB 0651-0033 .S, Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: Shawn Patrick Stapleton ) Group Art Unit: 2646

)
Application No.: 16/661,368 ; Examiner: SAMS, MATTHEW C
Filed: October 23,2019 g Confirmation No.: 6065
Atty. File No.: 10333-41-CON g

For: OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM

COMMENTS ON STATEMENT OF REASONS FOR ALLOWANCE

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313

Dear Commissioner:

Applicant submits this Comments on Statement of Reasons for Allowance to address the
Notice of Allowability (“Notice”) having a mailing date of April 9, 2020.

In the Notice, the Examiner’s stated reasons for allowance were that:

Applicant’s independent claim 1 recites, inter alia, a system comprising one
or more Digital Access Units (DAUs) operable to receive at least one signal from
at least one of a first signal source and a second signal source from one or more of
a plurality of signal sources, each DAU of the one or more DAUs including an
input port configured as an uplink/downlink port and an output port configured as
an uplink/downlink port;

one or more Digital Remote Units (DRUs) connectable to the one or more
DAUs and operable to transport signals between one or more of the one or more
DRUs and the one or more DAUS;

a plurality of radio resources formed from the one or more DURs
comprising a first radio resource and a second radio resource different from the
first radio resource, each radio resource comprising a subset of the plurality of
DRUSs; and

a traffic monitoring unit coupled to at least one of the DAUs, wherein the
traffic monitoring unit is configured to determine one or more of: one or more key
performance indicators (KPIs) and/or a quality of service (QOS) of a network

1 Attorney Docket No.: 10333-41-CON
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traffic for the one or more DAUS, wherein the QoS is a function of the one or
more KPIs and reconfigure the plurality of radio resources based on one or more
of the one or more KPIs and/or the QoS by allocating at least one DRU from the
first radio resource to the second radio resource.

The closest prior arts of record are:

Lee et al. (US-2013/0128810) which differs from the claimed invention by
not explicitly reciting the traffic monitoring unit is configured to determine one or
more of: one or more key performance indicators (KPIs) and/or a quality of
service (QOS) of a network traffic for the one or more DAUSs, wherein the QoS is
a function of the one or more KPIs and reconfigure the plurality of radio resources
based on one or more of the one or more KPIs and/or the QoS by allocating at
least one DRU from the first radio resource to the second radio resource.

Trigui et al. (US-8,498,207) discloses the ability to provide dynamic load
balancing in a cellular network, but differs from the claimed invention by not
explicitly reciting each DAU of the one or more DAUs including an input port
configured as an uplink/downlink port and an output port configured as an
uplink/downlink port.

Kummetz et al. (US-2010/0278530) provides for a distributed antenna
system for wireless network systems (Abstract) that includes DAUSs [0031]
“Master Units” and DRUs [0031] “Remote Units”, but differs from the claimed
invention by not explicitly reciting each DAU of the one or more DAUs including
an input port configured as an uplink/downlink port and an output port configured
as an uplink/downlink port and that the traffic monitoring unit is configured to
determine one or more of: one or more key performance indicators (KPIs) and/or
a quality of service (QOS) of a network traffic for the one or more DAUS,
wherein the QoS is a function of the one or more KPIs and reconfigure the
plurality of radio resources based on one or more of the one or more KPIs and/or
the QoS by allocating at least one DRU from the first radio resource to the second
radio resource.

Applicant’s claims recite a particular combination that is neither taught
nor suggested by the prior art and are allowed for these reasons and the reasons
stated by the Applicant in the response dated 3/30/2020.

Applicant acknowledges Examiner’s statements of Reasons for Allowance and agrees
that the claimed subject matter is patentable. However, Applicant takes no position regarding the
Reasons for Allowance presented by the Examiner other than the positions Applicant may have
previously taken during prosecution. Therefore, the Reasons for Allowance should not be
attributed to Applicant for any reason or as an indication of the bases for Applicant’s belief that
the claims are patentable. Furthermore, Applicant respectfully asserts that there may be
additional or alternative reasons for patentability of the claimed subject matter not explicitly
stated in this record and Applicant does not waive its rights to such arguments by not further

addressing such reasons herein.

2 Attorney Docket No.: 10333-41-CON
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While the stated Reasons for Allowance may be a stated reason for allowing some
independent claims, Applicant submits that some independent claims may have a different
reason for allowance and that some independent claims may have other reasons for allowance.

Specifically, the prior art fails to teach the specific combination of features as recited in
the independent claims 1 and 10.

Although the Applicant believes that no fees are due for filing this Comments on
Statement of Reasons for Allowance, please charge any fees deemed necessary to Deposit
Account No. 19-1970.

Respectfully submitted,

SHERIDAN ROSS P.C.

Date: July 6, 2020 By: _ /Jason H. Vick/
Jason H. Vick,
Reg. No. 45,285
1560 Broadway, Suite 1200
Denver, Colorado 80202
Telephone: 303-863-9700
ivick@sheridanross.com

3 Attorney Docket No.: 10333-41-CON

Page 332 CommScope Exhibit 1002



UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION FILING or GRD ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
16/661,368 10/23/2019 2646 865 10333-41-CON 1 1
CONFIRMATION NO. 6065
167137 CORRECTED FILING RECEIPT
SHERIDAN ROSS PC
1560 Broadway ACK B RSN  AEEL A AR
Suite 1200

Denver, CO 80202
Date Mailed: 07/07/2020

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)

Shawn Patrick Stapleton, Burnaby, CANADA,;

Seyed Amin Hejazi, Burnaby, CANADA;
Applicant(s)

DALI WIRELESS, INC., MENLO PARK, CA;
Assignment For Published Patent Application

DALI WIRELESS, INC., MENLO PARK, CA

Power of Attorney: The patent practitioners associated with Customer Number 167137

Domestic Priority data as claimed by applicant
This application is a CON of 13/950,160 07/24/2013 PAT 10506454
which claims benefit of 61/678,016 07/31/2012

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes

page 1of 4
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 11/07/2019

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/661,368

Projected Publication Date: Not Applicable
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM
Preliminary Class

455
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
page 2 of 4
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop

page 3 of 4
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technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.

page 4 of 4

Page 336 CommScope Exhibit 1002



Page 337

UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/661,368 10/23/2019 Shawn Patrick Stapleton 10333-41-CON
CONFIRMATION NO. 6065
167137 POA ACCEPTANCE LETTER
SHERIDAN ROSS PC
1560 Broadway N AP0 AR
Suite 1200 0000001182448

Denver, CO 80202
Date Mailed: 07/07/2020

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 07/02/2020.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/cvorachack/
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpLo.gov

[ APPLICATION NO. ] FILING DATE | FIRST NAMED INVENTOR F\TTORNEY DOCKET NO.I CONFIRMATION NO. J
16/661,368 10/23/2019 Shawn Patrick Stapleton 10333-41-CON 6065
7590 07/10/2020 [ EXAMINER I
SHERIDAN ROSS PC SAMS, MATTHEW C
1560 Broadway
Suite 1200 [ ART UNIT [ PAPER NUMBER I
Denver, CO 80202 2646
I NOTIFICATION DATE [ DELIVERY MODE J
07/10/2020 ELECTRONIC

NOTICE OF NON-COMPLIANT INFORMATION DISCLOSURE STATEMENT

An Information Disclosure Statement (IDS) filed 7.06.2020 in the above-identified application fails to
meet the requirements of 37 CFR 1.97(d) for the reason(s) specified below. Accordingly, the IDS will be
placed in the file, but the information referred to therein has not been considered.

The IDS is not compliant with 37 CFR 1.97(d) because:
V(The IDS lacks a statement as specified in 37 CFR 1.97(e).
O The IDS lacks the fee set forth in 37 CFR 1.17(p).

Q The IDS was filed after the issue fee was paid. Applicant may wish to consider filing a petition to
withdraw the application from issue under 37 CFR 1.313(c) to have the IDS considered. See
MPEP 1308.

A y%ww,, 2
571-272-4200 or 1-888-78@¢-0101
Application Assistance Unit
Office of Data Management

Page 1 of 1
FORM PTOM327-8 (Rev. 02/08)
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO.
16/661,368 10/23/2019 Shawn Patrick Stapleton 10333-41-CON 6065
167137 7590 07/14/2020 | EXAMINER
SHERIDAN ROSS PC
1560 Broadway SAMS, MATTHEW C
Suite 1200

Denver, CO 80202

| ART UNIT [ PparerNUMBER
2646
| ~orwicamionpate | DELIVERY MODE
07/14/2020 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

jvick@sheridanross.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

16/661,368 Stapleton et al.
Response to Rule 312 Communication Examiner Art Unit | AIA (FITF) Status
MATTHEW C SAMS 2646 | No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

1. M The amendment filed on 07 July 2020 under 37 CFR 1.312 has been considered, and has been:
a)J entered.

b) entered as directed to matters of form not affecting the scope of the invention.

c)[J disapproved because the amendment was filed after the payment of the issue fee.

Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1)
and the required fee to withdraw the application from issue.

d) [0 disapproved. See explanation below.

e)J entered in part. See explanation below.

Applicant amended the specification to change an application number to a patent number.

/Matthew C Sams/
Primary Examiner, Art Unit 2646

U.S. Patent and Trademark Office
PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No. 20200709
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CX TG ENTER: /MS8/

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: Shawn Patrick Stapleton ) Group Art Unit: 2646

)
Application No.: 16/661,368 ; Examiner: SAMS, MATTHEW C
Filed: October 23,2019 g Confirmation No.: 6065
Atty. File No.: 10333-41-CON g

For: OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM

AMENDMENT AFTER ALLOWANCE UNDER
37 C.F.R. 1.312

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Commissioner:;

Applicants submit this Amendment After Allowance pursuant to 37 C.F.R. 1.312in
response to the Notice of Allowance having a mailing date of April 9, 2020. While Applicants
believe that no fees are due with the filing of this response, the undersigned hereby authorizes
the charge of any fees deemed necessary to Deposit Account No. 19-1970.

An amendment may be entered after the mailing of a Notice of Allowance but prior to
payment of the issue fee upon recommendation of the primary Examiner. Therefore, it is
respectfully requested that the above-referenced application be amended as follows:

Amendments to the Specification begin on page 2 of this paper.

Remarks begin on page 3 of this paper.

1 Attorney Docket No. 10333-41-CON

Page 341 CommScope Exhibit 1002



g o UNITED STATES PATENT AND TRADEMARK OFFICE
( :“*“\\ UNITED STATES DEPARTMENT OF COMMERCE

R 2 United States Patent and Trademark Office
: Address: COMMISSIONER FOR PATENTS
P.O. Box 1450
Alexandria, Virginia 22313-1450
WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/661,368 08/18/2020 10750382 10333-41-CON 6065
167137 7590 07/29/2020
SHERIDAN ROSS PC
1560 Broadway
Suite 1200

Denver, CO 80202

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Shawn Patrick Stapleton, Burnaby, CANADA;
DALI WIRELESS, INC., MENLO PARK, CA;
Seyed Amin Hejazi, Burnaby, CANADA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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Case 2122-0v-00414-RWS-REP Document 2 Filed L0/214/22 Page 1 of 2 PagelD # 264

AQ 120 (Rev. 08/10}

REPORT ON THE
FILING OR DETERMINATION OF AN
ACTION REGARDING A PATENT OR
TRADEMARK

Mail Stop 8
Director of the U.S. Patent and Trademark Office
P.O. Box 1450
Alexandria, VA 22313-145¢

T

In Compliance with 35 U.S.C. § 290 aud/or 15 U.S.C. § 1116 vou are hereby advised that a court action has been

filed in the U.S, District Court Eastern District of Texas on the folowing

] Trademarks or W Patemts. ¢ (] the patent action involves 33 U 8., § 292y

DOCEET NO. DATE FILED U.8. DISTRICT COURT
2:22cv414 10/21/2022 Eastern District of Texas
PLAINTIFF DEFENDANT
DAL WIRELESS, INC. T-MOBILE US|, INC., et &
PATENT OR DATE OF PATENT . T N D AT -
TRADEMARK NO, R TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 10,750,382 8/18/2020 Dali Wirelass, Inc.
2 8,197,358 11/24/2015 Dali Wireless, Inc.
3 11,026,232 8/1/2021 Dali Wirelsss, Inc.
4 10,334,498 8/25/2019 Dali Wireless, Inc.
5 8,882,338 3/25/2014 Dali Wirelsss, Inc.

In the above—entitled case, the following patent(s) trademark(s) have been inciuded:

DATE INCLUDED NCLUDED BY

1 Amendment 0 Answer 3 Cross Bill [] Other Pleading

PATENT OR DATE OF PATENT . T YE D A TR DEMARK
TRADEMARK NO, R TRADEMARK HOLDER OF PATENT OR TRADEM!
i
5
4
5

{n the above-—cuiitied case, the following decision hias been rendered or judgement issued:

DECISIONJUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy +—Upon initiation of action, mail this copy te Birectsr  Copy 3—Upon termination of action, mail this copy to Birector
{opy 2—Upon filing decument adding patent(s), mail thic copy to Birector Copy 4-—Case fide copy
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Case 222-0v-00414-RWS-RSP Document 2 Filed L0/21/22 Page 2 of 2 FagelD & 265

AQ 120 (Rev. 08/10}

O Mail Stop 8 REPORT ON THE
' Director of the 1.8, Patent and Trademark Oifice FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING APATENT OR

Alexandria, VA 22313-145¢ TRADEMARK

In Compliance with 35 U.S.C. § 299 aud/or 15 U.S.C. § 1116 vou are bereby advised that a conrt action has been

filed in the U.S, District Court Eastern District of Texas on the folowing

] Trademarks or [ Patents. ¢ {1 the patent action invoives 33 U.S(. § 292.):

DOCKET NO. DATE FILED U8, DISTRICT COURT

2:220vd 14 1072172022 Eastern District of Texas
PLAINTIFF DEFENDANT

DALPWIRELESS, INC. T-MOBILE US, INC., et al
FATENT OR DATE OF PATENT . DEVARK
TRADEMARK NQ, R TRADEMARK HOLDER OF PATENT OR TRADEM!

1 11,008,343 S5M1/2021 Dali Wirsless, Inc.
2 8,820,171 11/14/2017 Dall Wireless, Inc.
4
5

In the above—entitled case, the following patent(s) trademark(s) have been included:

DATE INCLUDED

NCLUDED BY

1 Amendment

0 Answer 3 Cross Bill [] Other Pleading

PATENT OR DATE OF PATENT . T YE D A TR — .
TRADEMARK NO, ORCTRADEMARK HOLDER OF PATENT OR TRADEMARK.
i
5
4
5

{n the above-—eutitled case, the following decision has beeu rendered o7 judgement issued:

DECISIONJUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 3—-Upon termeinativa of action, mail thic copy to Birector
Copy 4—Case file copy

Copy I——Upon initiation of action, mail this copy to Birector
Copy 2—-Upon filing document adding patent(s), mail thic copy to Birector
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