wo 2016/137529 A1 [N 00 00 A0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/137529 A1l

(51

eay)

(22)

(25)
(26)
(30)

(63)

1

(72

74

1 September 2016 (01.09.2016) WIPO I PCT
International Patent Classification: (81)
HO4W 24/08 (2009.01)

International Application Number:
PCT/US2015/044426

International Filing Date:

10 August 2015 (10.08.2015)
Filing Language: English
Publication Language: English
Priority Data:
14/634,316 27 February 2015 (27.02.2015) us &4

Related by continuation (CON) or continuation-in-part
(CIP) to earlier application:

Us 14/634,316 (CON)
Filed on 27 February 2015 (27.02.2015)

Applicant: VIAVI SOLUTIONS INC. [US/US]; 430 N.
McCarthy Blvd., Milpitas, CA 95035 (US).

Inventors: COTANIS, Nicolae G.; 6840 Emma Ct., War-
renton, Virginia 20187 (US). JEON, Hyoung Suk; 12128
Monument Dr., Unit 235, Fairfax, Virginia 22033 (US).

Agents: HARRITY, John, E. et al.; Harrity & Harrity,

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

LLP, 11350 Random Hills Road, Suite 600, Fairfax, VA Published:

22030 (US).

with international search report (Art. 21(3))

(54) Title: METHODS AND APPARATUS FOR IMPROVING COVERAGE AND CAPACITY IN A WIRELESS NETWORK

Ba
100 Controfler cr fe
147 Station
coverage area
Ant?nna 164
Network - 1
Optimization Contreller Base
o ot > RS »  Station
Device 114 124 ]
144
jisky
L]
[ ]
Base - coverage area
Controlier Station | | Antenna 162
118 4 182
— 148
v
MNetwark Database
1z2e
FIG. 1

(57) Abstract: A non-transitory processor-readable medium stores code to cause a processor to receive a performance indicator as-
sociated with a first mode. The code causes the processor to calculate, using the performance indicator associated with the first
mode, a first metric value associated with a first metric and an objective of the first mode. The code causes the processor to calculate,
using the first metric value, a second metric value associated with a second metric and an objective of a second mode. The second
metric value partially compensates for a change in a performance indicator associated with the second mode when the first metric
value is implemented. The code causes the processor to send a signal associated with the first metric value and a signal associated
with the second metric value to an antenna module such that the antenna module implements the first metric value and the second
metric value.
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METHODS AND APPARATUS FOR IMPROVING COVERAGE AND CAPACITY
IN A WIRELESS NETWORK

Cross-Reference to Related Application

[1001] This application is a continuation of and claims priority to U.S. Patent Application
Serial No. 14/634,316, filed February 27, 2015, entitled “METHODS AND APPARATUS
FOR IMPROVING COVERAGE AND CAPACITY IN A WIRELESS NETWORK,” which

is hereby incorporated by reference in its entirety.
Background

[1002] Some embodiments described herein relate generally to optimizing wireless
networks, and in particular, to methods and apparatus for improving coverage and capacity in
wireless networks by automatically reconfiguring transmit power and antenna tilt of multiple

network elements.

[1003] Some known wireless networks implement an automated system for network
optimization, which adjust radio resources and network parameters to improve the overall
network performance. Such systems, however, typically are not designed to continuously
optimize coverage and capacity within the wireless network by automatically reconfiguring
transmit power and antenna tilt of multiple network elements while limiting any decrease in
network performance (e.g., due to interference between two antenna cells). Further, some
known network optimization systems fail to suitably react and readjust to differences between

planned coverage and capacity and actual (in use) coverage and capacity.

[1004] Accordingly, a need exists for methods and apparatus for automatically
reconfiguring transmit power and antenna tilt of one or more network elements to improve

the overall network performance of the wireless network.
Summary

[1005] A non-transitory processor-readable medium stores code to cause a processor to
receive, at a first time, a value associated with each key performance indicator from a set of
key performance indicators associated with a wireless network. In some instances, a key

performance indicator can be associated with, for example, a drop call rate. The code stored
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in the medium includes code to cause the processor to identify, based on the value associated
with each key performance indicator from the set of key performance indicators, a geographic
area having a network performance problem at the first time. The code stored in the medium
includes code to cause the processor to send, in response to identifying the network
performance problem and to a down cell detection module, an inactive cell request to identify
inactive antenna cells from a set of antenna cells associated with the geographic arca. The
code stored in the medium includes code to cause the processor to receive in response to the
inactive cell request an indication that each antenna cell from the set of antenna cells is
active. The code stored in the medium includes code to cause the processor to send, in
response to the geographic area having the network performance problem at the first time, a
neighbor relation update request for each antenna cell from the set of antenna cells to update
at a second time after the first time a neighbor list associated with that antenna cell. The code
stored in the medium includes code to cause the processor to classify the network
performance problem as a coverage hole in response to identifying the network performance

problem at a third time. The third time is a predetermined time after the second time.
Brief Description of the Drawings

[1006] FIG. 1 is a schematic diagram that illustrates a wireless network, according to an

embodiment.

[1007] FIG. 2 is a block diagram of a network optimization device configured to improve

coverage and capacity in a wireless network, according to an embodiment.

[1008] FIGS. 3(a)-3(d) illustrate antenna coverage maps with coverage holes having

varying bases of identification for a wireless network, according to an embodiment.

[1009] FIG. 4 illustrates an example of antenna 152 having three antenna cells and

associated coverage areas propagating therefrom, according to an embodiment.

[1010] FIG. 5 illustrates in a wireless network implementing interference management

and optimization to mitigate a detected coverage hole, according to an embodiment.

[1011] FIGS. 6(a) and 6(b) illustrate a process for using timers when implementing
coverage and capacity optimization for cells without automatic neighbor relation (ANR)

updating, and cells with ANR updating, respectively, according to an embodiment.
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[1012] FIG. 7 illustrates a process for synchronizing timers associated with multiple

antenna cells of a single antenna, according to an embodiment.

[1013] FIG. 8 is a flow chart illustrating a method for improving coverage and capacity

within a wireless network, according to an embodiment.

[1014] FIG. 9 illustrates an antenna coverage map and associated coverage and capacity

plots in three different configurations for a wireless network, according to an embodiment
Detailed Description

[1015] In some embodiments, an apparatus includes a coverage hole detection module
implemented in at least one of a memory or a processing device. The coverage hole detection
module is configured to receive, at a first time, a value associated with each key performance
indicator from a set of key performance indicators associated with a wireless network. In
some instances, a key performance indicator can be associated with, for example, a drop call
rate, an indication of received signal power at a set of user devices, an estimate of
propagation time between the set of user devices and an access point associated with an
antenna cell from the plurality of antenna cells, available resources at a set of user devices, a
radio resource utilization rate at an antenna cell, and/or an indication of devices changing
technology within the geographic area The coverage hole detection module is configured to
identify, based on the value associated with each key performance indicator from the set of
key performance indicators, a geographic area having a network performance problem at the
first time. The coverage hole detection module is configured to send, in response to
identifying the network performance problem and to a down cell detection module, an
inactive cell request to identify inactive antenna cells from a set of antenna cells associated
with the geographic area. The coverage hole detection module is configured to receive, from
the down cell detection module and in response to the inactive cell request, an indication that
cach antenna cell from the set of antenna cells is active. The coverage hole detection module
is configured to send, in response to the geographic area having the network performance
problem at the first time and to a neighbor relation module, a neighbor relation update request
for each antenna cell from the set of antenna cells to update at a second time after the first
time a neighbor list associated with that antenna cell. The coverage hole detection module is

configured to classify the network performance problem as a coverage hole in response to the
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coverage hole detection module identifying the network performance problem at a third time.

The third time is a predetermined time after the second time.

[1016] In some embodiments, an apparatus includes a coverage hole mitigation module
implemented in at least one of a memory or a processing device. The coverage hole
mitigation module is configured to receive an indication of a coverage hole within a
geographic area and associated with multiple antenna cells associated with an antenna. The
coverage hole mitigation module is configured to identify a first antenna cell (1) from the
multiple antenna cells and (2) to use to mitigate the coverage hole. The coverage hole
mitigation module is configured to send a signal to change a tilt of the antenna from a first
position to a second position at a first time. The coverage hole mitigation module is
configured to send, at a second time after the first time, a signal to increase power of the first
antenna cell from a first power level to a second power level in response to at least one of (1)
an adverse effect on a coverage area associated with a second antenna cell from the multiple
antenna cells and during a predetermined time period after the first time, or (2) a limit

associated with the tilt of the antenna.

[1017] The code stored in the medium includes code to cause the processor to further
analyze, periodically and upon expiration of a detection timer for a wireless network, a first
value of each key performance indicator from a set of key performance indicators for the
wireless network. The code stored in the medium includes code to cause the processor to
identify, based on the first value associated with at least one key performance indicator from
the set of key performance indicators, a geographic area having a network performance
problem at a time. The code stored in the medium includes code to cause the processor to
send, in response to the geographic area having the coverage network performance problem
at the time, a neighbor relation request to update a neighbor list associated with at least one
antenna cell from a set of antenna cells associated with the geographic area. The code stored
in the medium includes code to cause the processor to initiate a neighbor relation timer
associated with the at least one antenna cell based on sending the neighbor relation request.
The code stored in the medium includes code to cause the processor to, upon expiration of the
neighbor relation timer, identify the network performance problem as a coverage hole if a
second value associated with the at least one key performance indicator does not meet a
predetermined criterion. The code stored in the medium includes code to cause the processor

to send, in response to identifying the network performance problem as a coverage hole, a
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signal to modify at least one of a power associated with the at least one antenna cell from the
set of antenna cells or a tilt of an antenna including the at least one antenna cell from the set
of antenna cells. The code stored in the medium includes code to cause the processor to
initiate a monitor timer and an action timer for the antenna in relation to the signal to modify
at least one of the power or the antenna tilt. The code stored in the medium includes code to
cause the processor to, upon expiration of the monitor timer, receive a third value of each key
performance indicator from the set of key performance indicators and determine
improvement or decrease in performance associated with the antenna based on the third value
of the at least one key performance indicator from the set of key performance indicators. The
code stored in the medium includes code to cause the processor to, upon expiration of the
action timer, send a signal to further modify at least one of the power associated with the at
least one antenna cell from the set of antenna cells or the tilt of the antenna if a fourth value
of the at least one key performance indicator from the set of key performance indicators

meets a predetermined criterion.

[1018] As used herein, an antenna can be any device or component that can radiate,
transmit, and/or receive signals (e.g., electromagnetic and/or radio waves). For example, an
antenna can include an element or device for transmitting and/or receiving radio frequency

signals within a communications network.

[1019] As used herein, an antenna cell can be a portion of an antenna, associated circuitry
and/or associated component(s) that defines a coverage arca for a particular frequency,
technology (3™ Generation (3G)), geographic area, and/or power level. A perimeter of the
coverage area can be defined at least in part by the antenna cell. Further, the antenna cell can
define at least in part an effective operating range for transmitting and receiving signals. In
some embodiments, an antenna cell, and its associated circuity and/or components, can be
associated with a particular radio frequency, a particular technology (Long Term Evolution
(LTE)), and/or a particular provider of such services. In some embodiments, multiple antenna
cells can be associated with a common antenna. An antenna cell can also be referred to as an

antenna portion.

[1020] As used herein, a coverage area can be an area defined by an effective operating
range of a transmitter and/or antenna cell. Outside of the coverage area, for example, can be
an ineffective operation range of the transmitter and/or the antenna cell associated with the

coverage arca. Each coverage arca can be associated with a particular antenna cell. Further,
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a coverage area, or a perimeter thereof, can be modified by modifying configuration
parameters of the antenna cell associated with that coverage area (e.g., by modifying tilt

and/or power).

[1021] As used herein, an antenna sector can be multiple antenna cells associated with a
common antenna. For example, an antenna sector can include a first antenna cell (e.g.,
associated with a first technology or frequency) and a second antenna cell (e.g., associated
with a second technology or frequency). For example, each antenna cell of an antenna can be

within a common antenna sector.

[1022] As used herein, a module can be, for example, any assembly and/or set of
operatively-coupled electrical components associated with performing a specific function,
and can include, for example, a memory, a processor, electrical traces, optical connectors,
software (executing in hardware) and/or the like. As used herein, the singular forms “a,”
“an” and “the” include plural referents unless the context clearly dictates otherwise. Thus,
for example, the term “a coverage hole detection module” is intended to mean a single
module or a combination of modules configured to perform coverage hole detection

functions.

[1023] FIG. 1 is a schematic diagram that illustrates a wireless network 100, according to
an embodiment. The wireless network 100 can be similar to the wireless networks shown
and described in U.S. Patent Application Publication No. 2009/0323530, filed April 17, 2009
and entitled “Dynamic Load Balancing,” U.S. Patent Application Publication No.
2011/0090820, filed October 16, 2009 and entitled “Self-Optimizing Wireless Network,”
U.S. Provisional Patent Application Serial No. 61/532,850, filed September 9, 2011 and
entitled “Self Optimizing-Organizing Network Manager,” and U.S. Patent Application Serial
No. 13/353,893, filed January 19, 2012 and entitled “Methods and Apparatus for
Underperforming Cell Detection and Recovery in a Wireless Network,” each of which is

incorporated herein by reference in its entirety.

[1024] Specifically, the wireless network 100 can be any network that enables wireless
communication devices (e.g., cellular phones, Wi-Fi enabled laptops, Bluetooth devices,
mobile devices, etc.) to communicate with each other. In some embodiments, the wireless
network 100 can be implemented and administered using wireless transmission such as radio

frequency (RF) waves. For example, the wireless network 100 can be a cellular network that
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enables two cellular phones to communicate with each other. For another example, the
wireless network 100 can be a Wi-Fi network that enables multiple Wi-Fi enabled laptops to
be operatively connected. In some embodiments, the wireless network 100 can be at least a
portion of, for example, a wireless local area network (WLAN), a wireless mesh network, a
wireless metropolitan area network (MAN), a wireless wide area network (WAN), a mobile
device network (e.g., a global system for mobile communications (GSM) network, a personal
communications service (PCS) network), a radio access network (RAN), a long term
evolution (LTE) network, a Universal Mobile Telecommunications System (UMTS) network,

and/or the like.

[1025] As shown in FIG. 1, the wireless network 100 includes a network optimization
device 101, a network database 120, one or more controllers (e.g., controllers 112, 114, 116),
and one or more network elements such as base stations (e.g., base stations 142, 144, 146) for
supporting data communication between subscriber devices (not shown in FIG. 1) distributed
throughout coverage areas (e.g., coverage areas 162, 164) defined or established by the
wireless network 100 via one or more antennas (e.g., antennas 152, 154 and/or one or more

antenna cells of each antenna 152, 154).

[1026] The network optimization device 101 is operatively coupled to the network
database 120. The network optimization device 101 is also operatively coupled to and
configured to manage the one or more controllers (e.g., controllers 112, 114 and 116). Each
controller (e.g., the controller 114) is operatively coupled to and configured to manage one or
more network elements (e.g., base stations 142, 144 and 146). A controller can be any device
that is capable of sending control signals (e.g., commands, instructions, requests, etc.) to the
network element(s) controlled by that controller, thus managing operations of the network
clement(s). In some embodiments, a controller can be, for example, a server or similar
computer device. In some embodiments, a controller can also be considered a network

element of the wireless network 100.

[1027] A network element (e.g., the base station 142, 144 or 146) controlled by a
controller (e.g., the controller 114) can be any device, component, subsystem, or
infrastructure that can be wirelessly coupled to and communicate with one or more wireless
communication devices (e.g., communication devices of subscribers to the wireless network
100). In some embodiments, such a network element (e.g., the base station 146) can be

equipped with and configured to control one or more antennas (e.g., the antennas 152 and 154
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and/or antenna cell(s) of each antenna), which can be used to support data communications
(e.g., transmit data to and/or receive data from) between that network element and the
wireless communication devices (not shown in FIG. 1) that are distributed throughout a
coverage arca(s) (or sector(s)) associated with those antennas). For example, as shown in
FIG. 1, the antenna 152 can support data communications between the base station 146 and
wireless communication devices distributed within the coverage area 162; the antenna 154
can support data communications between a base station where the antenna 154 is located
and wireless communication devices distributed within the coverage area 164. In some
embodiments, a network element (e.g., base station) controlled by a controller can be located

at, for example, a cell site.

[1028] In some embodiments, the connections between the network optimization device
101 and the one or more controllers (e.g., the controllers 112, 114 and 116) and the network
database 120 can include, for example, a wireless connection, a wired connection, and/or a
combination of wireless and wired connections. Similarly, the connections between each
controller (e.g., the controller 114) and its associated network element(s) (e.g., the base
stations 142, 144 and 146) can include, for example, a wireless connection, a wired

connection and/or a combination of wireless and wired connections.

[1029] The network database 120 can be implemented in a memory or other storage
device that is part of the network optimization device 101 or another device operatively
coupled to the network optimization device 101. The network database 120 can be
configured to receive and store information and/or data associated with the wireless network
100, such as network statistics, current network configurations, and performance indicators of
the wireless network 100. Furthermore, the network database 120 can be configured to
provide or send the stored information and/or data to the network optimization device 101.
The information and/or data can be used at the network optimization device 101 to monitor,
optimize or improve network performance of the wireless network 100, as described in detail
with respect to FIGS. 2-9. Such information and/or data can include, but not limited to, key
performance indicators (KPIs) such as transmitted radio power level value of a coverage area,
an indication of received signal power at a set of user devices (e.g., set of wireless
communication devices), a successful call rate (SCR) value of a cell, traffic statistical values
associated with a cell, handover statistical values associated with a cell, a drop call rate

(DCR) value associated with a cell, an estimate of propagation time between a set of user
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device and an access point associated with an antenna cell, available resources at an access
point, available resources at the set of user devices, a radio resource utilization rate, a radio
resource utilization rate at the access point, an indication of devices changing technology
(discussed in further detail herein, particularly with reference to FIG. 5) within a geographic
area and/or the like. One example of a change of technology includes changing from evolved
universal terrestrial radio access network (E-UTRAN) coverage or long term evolution (LTE)
coverage to 2G or 3G coverage. While shown in FIG. 1 as being located on a single device,
in some embodiments, the functionality of the network database 120 can be distributed to

multiple devices (e.g., multiple databases) across the wireless network 100.

[1030] The network optimization device 101 can be any device configured to control,
monitor, coordinate and/or execute one or more optimization processes (e.g., hardware
processes and/or software processes executed in hardware) for performing optimization of
network parameters (e.g., coverage, capacity, interference, etc.) in the wireless network 100.
In some embodiments, the network optimization device 101 can be, for example, a compute
device, a server device, an application server, a mobile device, a workstation, and/or the like.
As shown in FIG. 1, the network optimization device 101 can be directly or operatively
coupled to the remaining devices within the wireless network 100. Specifically, the network
optimization device 101 can be operatively coupled to the network elements (e.g., the base
stations 142, 144 and 146) via one or multiple intermediate modules and/or devices such as,
for example, a controller (e.g., the controller 112, 114 or 116) and/or the like. In some
embodiments, the network optimization device 101 can be coupled to the remaining devices
of the wireless network 100 via any suitable connecting mechanism such as, for example,
optical connections (e.g., optical cables and optical connectors), electrical connections (e.g.,
clectrical cables and electrical connectors), wireless connections (e.g., wircless transceivers
and antennas), and/or the like. Furthermore, while shown in FIG. 1 as a single device, in
some embodiments, the functionality of the network optimization device 101 can be

distributed to multiple devices (e.g., multiple servers) across the wireless network 100.

[1031] In some embodiments, the process for improving and/or optimizing coverage and
capacity in the wireless network 100 can be executed at a processor of the network
optimization device 101. FIG. 2 illustrates a block diagram of a network optimization device
configured to coordinate and/or execute improvement and/or optimization in a wireless

network, according to an embodiment. The network optimization device 201 shown in FIG.
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2 can be structurally and functionally similar to the network optimization device 101 shown
and described with respect to FIG. 1. The network optimization device 201 can be included
in a wireless network similar to the wireless network 100 shown and described with respect

to FIG. 1.

[1032] As shown in FIG. 2, the network optimization device 201 includes at least a
memory 210 and a processor 220. Although not shown in FIG. 2, the network optimization
device 201 can include other components such as one or more communication ports, a user
interface and/or the like. The memory 210 can be, for example, a random access memory
(RAM), a memory buffer, a hard drive, a database, an erasable programmable read-only
memory (EPROM), an electrically erasable read-only memory (EEPROM), a read-only
memory (ROM) and/or so forth. The memory 210 can store instructions to cause the
processor 220 to execute modules (e.g., coverage hold detection module 222), processes
and/or functions associated with the network optimization device 201, the network database
(e.g., network database 120 as shown in FIG. 1) and/or other suitable components or modules
within the wireless network 200. In some instances, the network optimization device 201 can
be a single physical device. In other instances, the modules and/or functions of the network
optimization device 201 can be distributed to multiple physical devices, each of which can
include one or multiple modules (shown in FIG. 2) and/or other components (not shown in

FIG. 2).

[1033] As shown in FIG. 2, the processor 220 includes a coverage hole detection module
222, a neighbor relation module 226, a down cell detection module 224 and a coverage hole
mitigation module 228, each of which can be operatively coupled to the other modules. In
some embodiments, the processor 220 can include more or less modules than shown in FIG.
2. Each module in the processor 220 can be any combination of a hardware-based module
(e.g., a field-programmable gate array (FPGA), an application specific integrated circuit
(ASIC), a digital signal processor (DSP)) and/or software-based module (e.g., a module of
computer code stored in memory and/or executed at the processor 220) capable of performing
one or more specific functions associated with that module. The processor 220 can be any

suitable processor configured to run and/or execute the modules 222, 224, 226, 228.

[1034] As will be discussed in further detail herein, the coverage hole detection module
222, the down cell detection module 224, the neighbor relation module 226 and the coverage

hole mitigate module 228 can cooperatively function to identify coverage holes from network

10
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performance problems, mitigate the coverage holes while reducing and/or minimizing
potential detriment or interference within the wireless network resulting from such

mitigation, and monitor actual performance during and after mitigation.

[1035] FIGS. 3(a)-3(d) illustrate antenna coverage maps with coverage holes having
varying bases of identification and degrees of insufficient coverage and capacity. First, FIG.
3(a) illustrates a coverage map having a coverage hole CHa identifiable based at least in part
on an indication of a change of technology. As shown, coverage hole CHa is located between
a first coverage area 362a established by a first antenna cell (not shown), and a second
coverage area 364a established by a second antenna cell (not shown). In this example, both
the first coverage area 362a and the second coverage area 364a are of a first technology (e.g.,
E-UTRAN). Further, the coverage map has a third coverage area 366a overlapping the
coverage hole CHa and having a second technology (e.g., 3" Generation (3G)) different than
the first technology. In operation, for example, although a subscriber device (not shown)
located within the coverage hole CHa may not experience a loss of service (e.g., a dropped
call or inability to connect), it may experience a change of technology (i.e., change from
operating via E-UTRAN in the first coverage area 262a or the second coverage area 364a, to
operating via 3G in the third coverage area 366a). Such a change can indicate the possibility

of a coverage hole in the service of the first technology (e.g., E-UTRAN).

[1036] FIG. 3(b) illustrates an antenna coverage map with a coverage hole CHb
identifiable based at least in part on a drop call rate. As shown, coverage hole CHb is located
between a first coverage area 362b established by a first antenna cell (not shown), and a
second coverage area 364b established by a second antenna cell (not shown). In operation, as
subscriber devices move into or are otherwise disposed within the coverage hole CHbD, drop
call rates associated with coverage arca 362b and/or coverage arca 364b will be present, or

increase, thereby indicating the possibility of a coverage hole.

[1037] FIG. 3(c) illustrates an antenna coverage map with an “isolated island” coverage
hole CHc identifiable based at least in part on a drop call rate or a lower than expected use
rate. As shown, coverage hole CHc is defined in part by an expected or designed coverage
area 364c, that surrounds an actual coverage area 362c. Similarly stated, the actual coverage
area 362c is smaller than the expected or designed coverage area 36¢, thereby defining the
coverage hole CHc therebetween. Here, subscriber devices (not shown) moving from actual

coverage arca 362¢ to designed coverage area 364c will experience interruption in service

11
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(e.g., a dropped call). In some instances, a usage rate associated with the actual coverage
area 362c can be lower than an expected usage rate based on or associated with the designed

coverage area 364c¢

[1038] FIG. 3(d) illustrates an antenna coverage map experiencing overshooting, and thus
potential interference issues and/or capacity issues with neighbor antennas and/or antenna
cells. As shown, the wireless system includes an actual coverage area 362d surrounding or
overflowing a planned coverage area 364d. Such overflow OF can be identified based on
interference by or to neighbor antenna cells. In addition, such overflow can result in
overcrowding of a coverage area 362d. Overcrowding by subscriber devices (not shown) of a
coverage area, in some instances, can result in capacity challenges. Similarly stated, a
number of subscriber devices (not shown) may seek to communicate with an antenna — that

number being greater than a designed capacity of that antenna / service.

[1039] FIG. 4 illustrates an example of the antenna 452 having three antenna cells
propagating therefrom, according to an embodiment. As shown, the antenna 452 includes a
first carrier established coverage area 453, a second carrier established coverage area 455,
and a third carrier established coverage area 457, each of which is categorized within a
common sector 459. As will be discussed further herein, an antenna such as antenna 452 can
have its configuration modified as part of a capacity and coverage optimization (CCO) action
process. In some embodiments, the CCO action process can include modifying a tilt of the
antenna 452, modifying a power associated with the antenna cell of the antenna 452, or any
suitable combination thereof. In some embodiments, such modifications can be incremental
and coupled with dynamic monitoring processes as will be discussed in further detail herein.
As shown in FIG. 4, antenna cell 453, antenna cell 455, and antenna cell 457 can be
associated with a single antenna. As such, an antenna tilt modification will affect the three
antenna cells (e.g., 453, 455, and 457) of the antenna 452. Similarly stated, in use, for
example, when mitigating a coverage hole using the first antenna cell 453 by modifying the
tilt of the antenna 452, a coverage area of the second antenna cell 455 and a coverage area of
the third antenna cell 457 will also be affected. Thus, in some embodiments where a CCO
action includes modifying an antenna tilt, an effect on each antenna cell associated with that

antenna should be considered.

[1040] Referring back to FIGS. 1 and 2, in operation, the network optimization module

201 can, based at least in part on one or more key performance indicators (KPIs), improve
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and/or optimize coverage and capacity within the network 200. In some embodiments, for
example, the coverage hole detection module 222 of the network optimization device 201 can
identify or detect, based on a value associated with one or more KPIs (e.g., a drop call rate,
an indication of received signal power at a set of user devices, an estimate of propagation
time between the set of user devices and an access point associated with an antenna cell from
the plurality of antenna cells, available resources at the access point, available resources at
the set of user devices, a radio resource utilization rate at the access point, an indication of
devices changing technology within the geographic area, etc.), a geographic area having a
network performance problem (e.g.,, a coverage hole, cell interference, inactive cell,
inaccurate and/or outdated neighbor data, etc.). A network performance problem can include

any portion of a wireless network operating at less than a desired performance level.

[1041] Before classifying or identifying a network performance problem as a coverage
hole, and subsequently taking action to mitigate the coverage hole, in some embodiments, it
can be desirable to eliminate or rule-out potential causes of the network performance
problem. One potential cause of or contributor to a network performance problem can be an
inactive antenna cell associated with the geographic area experiencing the network
performance problem. For example, if a network performance problem is caused by an
inactive cell, the network performance problem may be mitigated by fixing the antenna cell
associated with that inactive cell. Similarly stated, if the network performance problem is
caused by an inactive cell, the network performance problem will not be classified as a
coverage hole. If, however, the network performance problem is not caused by an inactive

cell, the network performance problem can potentially be classified as a coverage hole.

[1042] To diagnose, in some instances, the coverage hole detection module 222 can send
to the down cell detection module 224 an inactive cell request to identify any inactive
antenna cells associated with that geographic area. In response to the request, the down cell
detection module 224 can determine and/or identify any such inactive or insufficiently
functioning antenna or antenna cell(s). For example, the down cell detection module 224 can
access a list of current inactive cells, and/or query one or more antenna cells, or associated
components, to identify any such inactive cells. The down cell detection module 224 can
then send to the coverage hole detection module a signal representing its determination or

identification. Similarly stated, the coverage hole detection module 222 can receive from the

13



WO 2016/137529 PCT/US2015/044426

down cell detection module 224 and in response to the inactive cell request, a status

indication of one or more antenna or antenna cells.

[1043] Further, another potential cause of or contributor to a network performance
problem is an inaccurate (or outdated) neighbor relation list. For example, if a neighbor list is
not up-to-date, neighbor antenna cells, or subscriber devices in communication (or desirous
of communication) therewith, may experience handover issues. Thus, in some embodiments,
it can be desirable to determine whether the network performance problem is caused by or
related to an inaccurate neighbor relation list. If the network performance problem is caused
by an inaccurate neighbor relation list, an update to the list may improve or eliminate the
network performance problem. As such, a network performance problem caused any an

inaccurate neighbor relation list will not be classified as a coverage hole.

[1044] To diagnose, in some instances, the coverage hole detection module 222 can
send to the neighbor relation module 226 a neighbor relation update request for one or more
antenna cells in a geographic area associated with an indication of a network performance
problem to update a neighbor list associated with that antenna cell. In instances in which the
coverage hole detection module 222 identifies the network performance problem upon
expiration of a predetermined time period after sending a neighbor relation update request, it
can be assumed that the network performance problem is not caused by or related to an
inaccurate neighbor list or associated handover issues. As such, in some embodiments, the
coverage hole detection module 222 can classify a network performance problem as a
coverage hole when each antenna cell within a particular geographic area associated with the
network performance problem is active, and a neighbor list associated with each antenna cell

within the geographic area is up-to-date and/or accurate.

[1045] In some instances, the coverage hole detection module 222 can receive, from the
down cell detection module 224 (e.g., in response to identifying a network performance
problem within a geographic arca), an indication that each antenna cell associated with that
geographic area is active. In response to receiving the indication, in some instances, the
coverage hole detection module 222 can send to the neighbor relation module 226 a neighbor
relation update request for each antenna cell within that geographic area to update a neighbor
list. If the coverage hole detection module 222 subsequently (e.g., at a pre-determined time

or after expiration of a pre-determined time period) identifies the network performance
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problem, the coverage hole detection module 222 can classify that network performance

problem as a coverage hole.

[1046] Once a network performance problem has been classified as a coverage hole, the
coverage hole mitigation module 228 of the network optimization device 201 can improve
and/or optimize the wireless network by mitigating the coverage hole. In some embodiments,
for example, the coverage hole mitigation module 228 can receive from the coverage hole
detection module 222 an indication of a coverage hole within a geographic area. The
indication can include an association between the coverage hole and multiple antenna cells
associated with an antenna. Based upon such an indication, the coverage hole mitigation
module 228 can send a signal to antennas (or associated components or devices) within the

network to modify a power and/or an antenna tilt associated with one or more antenna cells.

[1047] In some instances, the coverage hole mitigation module 228 can identify (e.g.,
based on KPI’s associated with a geographic area having a network performance problem;
and/or based on a ranking (as discussed in further detail herein) associated with the antenna
cell(s)) a first antenna cell (1) from the multiple antenna cells and (2) to use to mitigate the
coverage hole. In some instances, it can be desirable to modify the tilt of an antenna rather
than a power of the antenna to maintain or optimize balanced uplink and downlink
communications between the antenna and associated subscriber devices. As such, in some
instances, upon identifying the first antenna cell to use to mitigate the coverage hole, the
mitigation module 228 can send a signal to the antenna (or a controller operably coupled
thereto) associated with the first antenna cell to change a tilt of its associated antenna from a
first position to a second position. In some instances, the tilt change can mitigate the
coverage hole. Further, in some cases, (e.g., if the initial tilt change only partially mitigated
the coverage hole), the coverage mitigation module 228 can send a signal to change the tilt of
the antenna from the second position to a third position to further mitigate the coverage hole.
In some instances, however, based on a tilt limit of the antenna (e.g., the antenna cannot
change from the second position to the third position), tilt modification may not be sufficient
for mitigating a coverage hole. In such instances, the coverage hole mitigation module 228
can send a signal to change a power level of the antenna cell to further mitigate the coverage
hole. In this manner, tilt and power modifications can collectively mitigate the coverage

hole.
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[1048] In other instances, however, such a tilt change may result in no significant change
or may result in an adverse effect on a coverage area associated with a second antenna cell
from the multiple antenna cells. In such cases, in response to the adverse effect (e.g.,
identified based on one or more KPIs) on the coverage area associated with the second
antenna cell during a predetermined time period after the coverage hole mitigation module
228 sent the signal to change the tilt, the coverage hole mitigation module 228 can send a
signal to re-adjust the tilt of the first antenna (e.g., revert the tilt to a different configuration,

or a prior configuration (from the second position to the first position)).

[1049] Upon reversion or re-adjustment of the first antenna tilt, the coverage hole
mitigation module 228 can send a signal to adjust the power of the first antenna cell from a
first power level to a second power level. In desirable instances, sending the signal to adjust
the power of the first antenna cell from the first power level to the second power level can
result in an improvement in a value of one or more KPIs. In such instances, the coverage
hole mitigation module 228 can send a signal to increase the power of the first antenna cell
from the second power level to a third power level. In this manner, the coverage hole
mitigation module 228 can incrementally optimize the coverage and capacity within that

geographic area, while continually monitoring (e.g., via KPIs) the network performance.

[1050] In other instances, however, sending the signal to adjust the power from the first
power level to the second power level can produce an undesirable result or change within the
wireless network 200, e.g., an indication of devices changing technology within the
geographic area, interference issues, capacity issues, etc. In some instances, based on
identification of such an adverse effect on one or more of the antenna cells, the coverage hole
mitigation module 228 can send a signal to change the power of the first antenna cell from
the second power level to the first power level (i.e., revert back to the initial power level). In
such instances, it can be desirable to revert back expediently to mitigate the adverse effect. In
some embodiments, for example, a time period to change the power of the first antenna cell
from the second power level to the first power level (e.g., based on identification of an
adverse effect on one or more antenna cells) is less than a time period to further increase the
power of the first antenna cell from the second power level to the third power level (e.g.,

based on the improvement of one or more antenna cells).

[1051] In some instances, the first antenna cell can meet a capacity limit after its power is

increased (e.g., from the first power level to the second power level). In such instances, the
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coverage hole mitigation module 228 can send a signal to change the power of the first
antenna cell from the second power level to the first power level, or to a power level there

between suitable to address any capacity limit issues.

[1052] In some instances, the antenna can meet a capacity limit during or after its tilt
increase (e.g., from the first tilt position to the second tilt position). In such instances, the
coverage hole mitigation module 228 can send a signal to change the tilt of the antenna from
the second tilt position to the first tilt position, or to a tilt position there between suitable to

address any capacity limit issues.

[1053] Modifications to the power level and/or the tilt of an antenna selected to mitigate a
coverage hole can incremental, and can be triggered in any suitable order. Such incremental
modifications can allow for better monitoring, control and reaction to effects on network

performance.

[1054] Before, after, or while modifying a power level and/or tilt of an antenna cell to
modify a coverage hole within a wireless network, potential interference to the antenna cell’s
neighbors can be monitored, reduced and/or minimized. (also referred to herein as potential
victims). FIG. 5 illustrates a use case example of such interference management and
improvement within a wireless network having a detected coverage hole CH, according to an
embodiment. As shown, the wireless network includes three candidate antenna cells (i.e.,
antenna cell A; antenna cell B; antenna cell C) with established cell coverage areas
surrounding the coverage hole CH, and two potential victim antenna cells (i.e., antenna cell

D; antenna cell E).

[1055] Potential victim antenna cells can be identified and/or selected for interference
management based on, for example, a value associated with handovers, an azimuth angle, a
beamwidth, and/or a distance estimated by an estimate of propagation time and/or geographic

information, such as, latitude and longitude data.

[1056] As shown by the coverage areas established from ecach candidate antenna cell, the
three candidate antenna cells A, B, and C, are available to mitigate the coverage hole CH
(e.g., by adjustment in antenna power level and/or tilt). Notwithstanding neighbor
interference issues (i.e., disregarding potential victim antenna cells D, E), in some
embodiments, a candidate antenna cell from the three candidate antenna cells can be sclected

to mitigate the coverage hole CH based on a predefined ranking, for example, a cost-based
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ranking (e.g., a cost value to modify a configuration of a given antenna cell). A cost value
can be based on, for example, a value associated with dropped calls, a value associated with
handovers, a value associated with other user devices likely to be affected by a mitigation
action, distances from tilt or power limits, and/or proximity to the coverage hole. Further,
antenna cells, and/or in some instances potential victim antenna cells, can be selected for
mitigation action based on, for example, an azimuth angle, a beamwidth, and/or a distance
estimated by an estimate of propagation time and/or geographic information, such as, latitude

and longitude data.

[1057] As a further example, capacity of the antenna cells can serve as an additional or
alternative factor for determining ranking. For example, if candidate antenna cell A can
handle a first number of subscriber devices, and candidate antenna cell B can handle a second
number of subscriber devices larger than the first number of subscriber devices, candidate
antenna cell B may be more suitable than candidate antenna cell A for mitigating certain

coverage holes requiring a certain capacity.

[1058] As yet an additional or alternative factor for ranking purposes, a candidate antenna
cell can be selected to use to at least partially mitigate the coverage hole CH based on a
portion of the coverage hole CH associated with that antenna cell being greater than a portion
of the coverage hole associated with each remaining candidate antenna cells. As an example,
if candidate antenna cell A can be reconfigured to mitigate 50% of coverage hole CH, and
candidate antenna cell B can be reconfigured to mitigate only 20% of coverage hole CH,
candidate antenna cell A will be ranked higher than candidate antenna cell B. Further to this
example, in some instances, based on a cost value associated with modifying a configuration
of antenna cell A being significantly higher than a cost value associated with modifying a
configuration of antenna cell B, candidate antenna cell B may have a ranking higher than
candidate antenna cell A, in some instances, even when the candidate antenna cell A can be
reconfigured to mitigate a larger portion of the coverage hole CH than the candidate antenna
cell B. Assuming for discussion purposes that candidate antenna cell A is ranked higher than
candidate antenna cell B, and the candidate antenna cell B is ranked higher than the candidate
antenna cell C, when the coverage hole CH is detected, candidate antenna cell A is initially

selected based on its ranking to mitigate the coverage hole CH.

[1059] Candidate antenna cell A and candidate antenna cell B can share a common

potential victim antenna cell (i.e., potential victim antenna cell D) within their established
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cells. Similarly stated, if both candidate antenna cell A and candidate antenna cell B were to
collectively or substantially simultaneously adjust their power levels or tilt settings to
mitigate the coverage hole CH, potential victim antenna cell D may experience interference
issues due to being within the coverage areas established by candidate antenna cell A and
candidate antenna cell B. To minimize or avoid such interference issues, in this example, the
configurations of candidate antenna cell A and candidate antenna cell B are not collectively

or substantially simultaneously modified to mitigate the coverage hole CH.

[1060] Turning to the next best antenna cell to help mitigate the coverage hole CH, i.e.,
candidate antenna cell C, as shown in FIG. 5, does not share a common potential victim
antenna with candidate antenna cell A. Similarly stated, potential victim antenna cell D is
within the coverage area of candidate antenna cell A, but not within the coverage area of
candidate antenna cell C. In this manner, candidate antenna cell A and candidate antenna cell
C can be collectively or substantially simultaneously reconfigured to mitigate the coverage
hole CH, while minimizing or limiting interference with neighbor antenna cells (e.g.,

potential victim antenna cell D).

[1061] Referring back to FIGS. 1 and 2, in some instances, the network optimization
device 101 and/or 201 can conduct such an interference management or mitigation process.
In such embodiments, the coverage hole mitigation module (e.g., coverage hole mitigation
module 228) can, for each antenna cell from multiple antenna cells, detect one or more
potential victim antenna cells within an area covered by that antenna cell if that antenna cell
were used to mitigate a coverage hole. The coverage hole mitigation module 228 can then
select a first antenna cell from the multiple antenna cells to use to mitigate the coverage hole,
and send a signal to modify a configuration associated with the first antenna cell to at least

partially mitigate the coverage hole.

[1062] As discussed with respect to FIG. 5, due to potential interference, in some
instances, the coverage hole mitigation module 228 will not use a second antenna cell from
the multiple antenna cells to mitigate the coverage hole based on an antenna cell from the one
or more detected potential victim antenna cells within the area covered by the second antenna
cell being within the one or more potential victim antenna cells within the area covered by the
first antenna cell. The coverage hole mitigation module 228, instead, can send a signal to
modify a configuration associated with a third antenna cell from the multiple antenna cells

based on each antenna cell from the one or more detected potential victim antenna cells
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within the area covered by the third antenna cell not being within the one or more potential

victim antenna cells within the area covered by the first antenna cell.

[1063] Capacity and coverage optimization (CCO) of the wireless network can be an
iterative process based on many factors, and can include detecting, managing, reconfiguring
and monitoring many network elements and components, as discussed above. As such, in
some embodiments, various timers can be employed to detect, manage and/or monitor
performance changes in the wireless network. FIGS. 6a and 6b illustrate a process for using
timers when implementing CCO for cells without automatic neighbor relation (ANR)
updating (FIG. 6a), and cells with ANR (FIG. 6b) updating, respectively. ANR is a function
used by some cellular network technologies (e.g., LTE) to relieve an operator from managing

neighbor relations.

[1064] For ecase of illustration, the timers can be divided into two categories, i.e.,
identification timers and mitigation timers. The detection timer (Time Det) and the neighbor
relation timer (Time ANR) are classified as identification timers, and can specify time
periods in which to detect network performance problems and identify when such problems
should be classified as coverage holes. The action timer (Time-Act) and monitor timer

(Time-Mon) are classified as mitigation timers.

[1065] As shown in FIG. 6a, first, the detection timer (Time Det) is started for the
network. During this detection period defined by the detection timer (see “CCO Detection
Time Interval”), network performance problems are detected and identified within the
network including cell F based on examining the KPI’s (or an average of the KPI’s)
associated with cell F and the detection period. If no network performance problems are
identified upon expiration of the detection timer, the detection timer is reset, thereby resulting
in a new set of KPI’s to be analyzed and used to identify network performance problems

within the network.

[1066] Upon identification of a network performance problem, the antenna cell(s)
associated with the network performance problem (e.g., antenna cell F) proceeds from
following the detection timer (e.g., the detection timer can be associated with all antenna cells
in the network) to following the neighbor relation timer specific to cell F, which is triggered
upon expiration of the detection timer and based on the identification of the network

performance problem. In other words, antenna cell F (also referred to herein as a problem
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cell) can transfer from the global timer detection process to a cell specific identification /

mitigation process.

[1067] Because antenna cell F does not use an ANR function, as illustrated in FIG. 6a, a
neighbor relation timer (Time ANR) is activated after the time period (“CCO Detection Time
Interval”) defined by the detection timer, to determine if an outdated or inaccurate neighbor
relation list is causing and/or contributing to the detected network performance problem. As
shown in FIG. 6a, the neighbor list can be updated (shown as “NL Updated”) during the time
period (or “Missing Neighbor Verification Time Interval”) defined by the neighbor relation

timer.

[1068] In addition, as discussed in further detail herein, a down cell detection process can
be executed to determine any inactive cells associated with the geographic area of the
network performance problem. This process can include, for example, accessing a list of
current inactive cells, and/or querying one or more antenna cells, or associated components,

to identify any inactive cells.

[1069] Upon expiration of the neighbor relation timer and after updating the neighbor list,
the KPI’s associated with that timer (i.e., the “Missing Neighbor Verification Time Interval”)
are analyzed to determine if the network performance problem still exists. In some
embodiments, the KPI’s associated with the neighbor relation timer can be compared with the
KPT’s associated with the detection timer. If the network performance problem still exists
after the down cell detection process results in no inactive cells identified, and neighbor list is

updated, the network performance problem can be classified as a coverage hole.

[1070] In response to identifying the network performance problem as a coverage hole
upon expiration of the neighbor relation timer (FIG. 6a), the action timer and the monitor
timer are activated (shown in FIGS. 6a and 6b as the beginning of the “CCO Action Change

Time Interval™).

[1071] In other embodiments, as shown in FIG. 6b, the antenna cell F can already employ
ANR (e.g., LTE). In such embodiments, an updated and/or accurate neighbor list can be
accessed without sending a neighbor relation request to update a neighbor list, thus rendering,
in some instances, the neighbor relation timer unnecessary. As such, the action timer and the
monitor timer can be activated upon expiration of the detection timer and based on the

identification of a coverage hole within the cell (e.g., cell F).
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[1072] At this time, a signal is sent to modify (1) a power associated with one or more
antenna cells that are associated with the problem cell (e.g., antenna cell F), and/or (2) a tilt
of an antenna of one or more antenna cells that are associated with the problem cell (e.g.,
antenna cell F). In other words, suitable antenna cells are modified (also referred to herein as

a “CCO Action Change”) to mitigate the coverage hole in the problem cell.

[1073] During a duration associated with the action timer (the “CCO Action Change
Time Interval”) and a duration associated with the monitor timer (the “Monitoring Time
Interval”), the KPI’s (or average of the KPI’s) associated with one or both of those durations
are analyzed to determine network performance and/or a change thereto. For example, a set
of KPIs can be monitored during each monitor period (defined by the monitoring time
interval(s)). Upon expiration of each monitor timer, the KPI’s collected and/or monitored
during that time period can be analyzed for status of and/or changes to status of network
performance. Further, upon expiration up each action timer, based on the assessment of the
data (e.g., KPI’s) monitored during the associated monitoring time interval, progressive
action / mitigation can occur. When an action (e.g., power or tilt) is executed, monitoring
according to the appropriate monitor timer (and associated interval) will occur to assess the
results of the action(s) on network performance. Similarly stated, correlative results between
the action change (power or tilt) and the network performance, based on KPI’s, can be

monitored, defined, analyzed, acted upon, and re-acted upon.

[1074] In some embodiments, a duration associated with the monitor timer can be less
than a duration associated with the action timer. This is illustrated in FIGS. 6a and 6b by the
“Monitoring Time Interval” disposed between the “Start Time Act” and the “Restart
Time Mon.” In this manner, upon expiration of the monitor timer, but before expiration of
the action timer, the CCO action change can be modified or reverted back to initial or prior
settings. For example, based on determining a decrease in performance associated with the
one or more antenna cells a signal can be sent to revert the power associated with the one or
more antenna cells or the tilt of the antenna of the one or more antenna cells to a prior

configuration.

[1075] In this manner, effects on network performance by CCO action changes can be
monitored periodically or in substantially real-time such that any undesirable effects can be
sensibly and relatively quickly mitigated. For example, consider the case where a CCO

action change includes three power steps/modifications, then two tilt position changes, and
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then one more power modification. A monitor timer can be employed and reset multiple
times (e.g., 6 times) before the above action changes are implemented. As such, a decrease in
performance associated with the antenna receiving the CCO action change can be identified
relatively quickly and appropriate action (e.g., revert to a prior configuration) can be taken.
Accordingly, adverse effects can be identified and mitigated within a shorter time period than

taking additional progressive action to mitigate a coverage hole.

[1076] In some embodiments, CCO can be applied to antenna cells at a single antenna or
antenna sector. FIG. 7 illustrates a process for using timers when implementing CCO for
antenna cells similar to the process described with respect to FIG. 6b, and more particularly,
synchronizing timers associated with multiple antenna cells at a single antenna, according to
an embodiment. As shown in FIG. 7, cell A.1 and cell A.2 are collocated in Sector A (e.g.,
are associated with a common antenna), and each have associated therewith, similar to the

discussion above with respect to FIG. 6, an action timer and a monitor timer.

[1077] As an example, in use, a network performance problem can be detected in cell A.1
during the CCO Detection Time Interval. In this example, similar to FIG. 6b, the antenna of
the cells A.1 and A2. has ANR, and as such, a neighbor relation timer is unnecessary. Upon
expiration of the A.1 detection timer at 610, and an indication of no inactive cells within the
associated geographic area, the A.1 action timer and A.1 monitor timer can be triggered, to

coincide with instructions to modify a power or tilt associated with cell A.1.

[1078] As shown in FIG. 7, at the expiration of the A.1 detection timer at 610, and the
start of the A.1 action timer and the A.1 monitor timer, the A.2 detection timer resets (i.e., a
new CCO detection time interval for cell A.2 begins, and a new set of KPI’s are averaged and
analyzed). At this moment, the intervals associated with the A.1 timers are not in sync with
the intervals associated with the A.2 timers. Further, at 612, it can be determined (e.g., based
on associated KPI’s) that cell A.2 should be reconfigured to mitigate a coverage hole, and as
such, instructions can be sent, upon expiration of the action timer, to modify a power or tilt
associated with cell A.2. As shown at 614, the A.1 monitor timer and the A.2 monitor timer
are synchronized (i.c., the 3 and 4™ monitoring intervals monitor KPI’s associated with both
cell A.1 and cell A.2). After a power change associated with one or more cells, KPI’s
uniquely associated with each of those cells can be monitored individually. For example,
after a power change associated with either antenna cell A.1 or antenna cell A.2, network

performance associated with antenna cell A.1 will be analyzed and compared against a
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performance threshold, and network performance associated with antenna cell A.2 will be
analyzed and compared against a performance threshold. Further, in some instances, after a
tilt change associated with one or more cells, KPI’s will be analyzed after being aggregated
for the entire sector (i.e., for all antenna cells at an antenna). For example, in such instances,
after a tilt change associated with an antenna propagating antenna cell A.1 and antenna cell
A.2, monitoring will take place at the sector level (i.e., an aggregated performance average
for the entire sector (e.g., sector A)). Further, when appropriate according to the aggregated
KPI data, and upon expiration of the associated action timer, progressive action (e.g., tilt) can

be taken for all antenna cells of an antenna.

[1079] FIG. 8 is a flow chart illustrating a method 700 for optimizing coverage and
capacity in a wireless network, according to an embodiment. The code representing
instructions to perform method 700 can be stored in, for example, a non-transitory processor-
readable medium (e.g., a memory) in a network optimization device that is similar to the
network optimization device 101 and 201 shown and described with respect to FIGS. 1 and 2.
Particularly, the network optimization device can be included in a wireless network similar to
the wireless network 100 shown and described with respect to FIG. 1. The wireless network
can be associated with a cellular network area. In some instances, the wireless network is
used to provide wireless communication coverage for the cellular network area. The code
stored in the non-transitory processor-readable medium of the network optimization device
can be executed by a processor of the network optimization device that is similar to the
processor 220 in FIG. 2. The code includes code to be executed by the processor to cause the
network optimization device to operate the functions illustrated in FIG. 8 and described as

follows.

[1080] At 702, the network optimization device can receive, at a first time, a value
associated with each key performance indicator from a set of key performance indicators
associated with a wireless network. The set of key performance indicators can include, for
example, a drop call rate, an indication of received signal power at a set of user devices, an
estimate of propagation time between the set of user devices and an access point (e.g., a base
station similar to base station 146 in FIG. 1, and/or an antenna similar to antenna 152 in FIG.
1) associated with an antenna cell from the set of antenna cells, available resources at the set
of user devices, a radio resource utilization rate at the access point, or an indication of devices

changing technology within the geographic area. At 704, the network optimization device can
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identify, based on the value associated with each key performance indicator from the set of
key performance indicators, a geographic area having a network performance problem at the

first time.

[1081] At 706, the network optimization device can send, in response to identifying the
network performance problem, an inactive cell request to identify inactive antenna cells from
a set of antenna cells associated with the geographic area. The inactive cell request, for
example, can be sent to a down cell detection module. At 708, the network optimization
device can receive, in response to the inactive cell request, an indication that each antenna
cell from the set of antenna cells is active. As such, the network performance problem can be

identified as not an inactive cell problem.

[1082] At 710, the network optimization device can send, in response to the geographic
area having the network performance problem at the first time a neighbor relation update
request for each antenna cell from the set of antenna cells to update at a second time after the
first time a neighbor list associated with that antenna cell. In some instances, the network
optimization device can send the neighbor relation request in response to receiving the
indication that each antenna cell from the set of antenna cells is active. If the network
performance problem is identified after a predetermined time at the second time, the network

performance problem can be identified as not a handoft / neighbor relation problem.

[1083] At 712, the network optimization device can classify the network performance
problem as a coverage hole in response to the identifying the network performance problem
at a third time. The third time is a predetermined time after the second time. Similarly stated,
based on the results from the inactive cell request and the neighbor relation update request,
and identifying the network performance at the third time (i.e., after the inactive cell and
inaccurate neighbor lists are identified as not the problem), the network performance problem

can be classified as a coverage hole.

[1084] In some embodiments, method 700 can include step 714 in which the network
optimization device can send a signal to modify at least one of a power or an antenna tilt
associated with at least one antenna cell from the set of antenna cells based on the classifying
the network performance problem as a coverage hole. In some instances, the network
optimization device can, for each antenna cell from the set of antenna cells, detect a set of

potential victim antenna cells within an area covered by that antenna cell from the set of
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antenna cells if that antenna cell from the set of antenna cells were used to mitigate the
coverage hole. The network optimization device can sclect a first antenna cell from the set of
antenna cells to use to mitigate the coverage hole, and send a signal to modify a configuration
associated with the first antenna cell to at least partially mitigate the coverage hole. In some
instances, the network optimization device does not use a second antenna cell from the set of
antenna cells to mitigate the coverage hole based on an antenna cell from the set of potential
victim antenna cells within the area covered by the second antenna cell being within the set of

potential victim antenna cells within the area covered by the first antenna cell.

[1085] In some instances, the network optimization device can, for each antenna cell
from the set of antenna cells, detect a set of potential victim antenna cells within an area
covered by that antenna cell from the set of antenna cells if that antenna cell from the set of
antenna cells were used to mitigate the coverage hole. The network optimization device can
select a first antenna cell from the set of antenna cells to use to mitigate the coverage hole,
and can send a signal to modify a configuration associated with the first antenna cell to at
least partially mitigate the coverage hole. The network optimization device can be
configured to send a signal to modify a configuration associated with a second antenna cell
from the set of antenna cells based on each antenna cell from the set of potential victim
antenna cells within the area covered by the second antenna cell not being within the set of

potential victim antenna cells within the area covered by the first antenna cell.

[1086] In some instances, the network optimization device can rank the set of antenna
cells based on a cost value to modify a configuration of each antenna cell from the set of
antenna cells, and at a fourth time after the third time, send a signal to change a configuration
associated with a first antenna cell from the set of antenna cells to mitigate the coverage hole
based on the first antenna cell having a rank meeting a first predetermined criterion. The
network optimization device can, at a fifth time after the fourth time, send a signal to change
a configuration associated with a second antenna cell from the set of antenna cells to mitigate
the coverage hole based on (1) the second antenna cell from the set of antenna cells having a
rank meeting a second predetermined criterion (e.g., has the next lowest cost) and (2) the first
antenna cell from the set of antenna cells not meeting a third predetermined criterion (e.g.,

would cause interference).

[1087] In some instances, the network optimization device can select an antenna cell

from the set of antenna cells to use to at least partially mitigate the coverage hole based on a
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portion of the coverage hole associated with the antenna cell from the set of antenna cells
being greater than a portion of the coverage hole associated with each remaining antenna cell

from the set of antenna cells.

[1088] When optimizing the capacity and coverage of a wireless network, a tradeoff can
exist between such coverage and capacity. For example, in some cases, an expansion in
coverage may lead to a decrease in capacity. FIG. 9 illustrates an antenna coverage map and
associated coverage and capacity plots for a wireless network, in three different
configurations, according to an embodiment. At 850 (or current case), six subscriber devices
(or user devices UEs) are covered by or in potential communication with the antenna cell AC.
At 852 (or case 1), with increased power and/or tilt, coverage is increased, as illustrated by
increased coverage area, and an additional four UEs are within the coverage area. At 854 (or
case 2), power and/or tilt are further increased, resulting in increased coverage for the antenna
cell AC. As shown at 854, there are newly covered UEs and because of the increased number
of UEs and/or the distance of such UEs from the antenna cell AC, many UEs may experience
radio link failure (RLF). Thus, as coverage is expanded, radio link failure events can result
due to the lack of available resources at the antenna cell AC. As such, when employing a
CCO action and monitoring process, in some instances, the optimization can terminate, alter,
or revert back configuration changes (e.g., power or tilt change) when a particular cell is

overcrowded (e.g., case 2 in FIG. 9).

[1089] As shown by the “Coverage Measure plot of FIG. 9, as CCO action (e.g., power
increase or uptilt modifications) is taken, coverage increases for a given distance from the
antenna. As coverage increases, however, capacity complications can arise. Thus, in some
instances, an optimized point of coverage and capacity can be identified. For example, as
shown by the “Capacity Measure” plot of FIG. 9, as CCO action is taken, an optimization
point can exist at about case 1 (e.g., a relatively high use rate and a relatively low radio link
failure rate). After such a point, any further CCO action (e.g., to increase coverage) can

result in a negligible increase, if any, in use rate, and a significant increase in RLF rate.

[1090] While shown in FIG. 2 as being included in the processor 220 of the network
optimization device 201, in other embodiments, a coverage hole detection module, down cell
detection module, neighbor relation module, and/or coverage hole mitigation module can
communicate with any other device of the wireless network via an application programming

interface (API) of a network module and/or application, a network process, an intermediary
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device, and/or any other suitable means. Additionally, a network optimization device (e.g.,
the network optimization device 101 in FIG. 1) can receive network information and/or data
(e.g., key performance indicators) from a network database (e.g., the network database 120 in
FIG. 1) or any other device in any suitable format such as, for example, text files, a file
format associated with a network, and/or the like. Similarly, the network optimization device
can send instructions of configuration and monitoring changes to network elements in any

suitable means.

[1091] Some embodiments described herein relate to a computer storage product with a
non-transitory computer-readable medium (also can be referred to as a non-transitory
processor-readable medium) having instructions or computer code thereon for performing
various computer-implemented operations. The computer-readable medium (or processor-
readable medium) is non-transitory in the sense that it does not include transitory propagating
signals per se (e.g., a propagating clectromagnetic wave carrying information on a
transmission medium such as space or a cable). The media and computer code (also can be
referred to as code) may be those designed and constructed for the specific purpose or
purposes. Examples of non-transitory computer-readable media include, but are not limited
to: magnetic storage media such as hard disks, floppy disks, and magnetic tape; optical
storage media such as Compact Disc/Digital Video Discs (CD/DVDs), Compact Disc-Read
Only Memories (CD-ROMs), and holographic devices; magneto-optical storage media such
as optical disks; carrier wave signal processing modules; and hardware devices that are
specially configured to store and execute program code, such as Application-Specific
Integrated Circuits (ASICs), Programmable Logic Devices (PLDs), Read-Only Memory
(ROM) and Random-Access Memory (RAM) devices. Other embodiments described herein
relate to a computer program product, which can include, for example, the instructions and/or

computer code discussed herein.

[1092] Examples of computer code include, but are not limited to, micro-code or micro-
instructions, machine instructions, such as produced by a compiler, code used to produce a
web service, and files containing higher-level instructions that are executed by a computer
using an interpreter. For example, embodiments may be implemented using Java, C++, or
other programming languages (e.g., object-oriented programming languages) and
development tools. Additional examples of computer code include, but are not limited to,

control signals, encrypted code, and compressed code.
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[1093] While various embodiments have been described above, it should be understood
that they have been presented by way of example only, not limitation, and various changes in
form and details may be made. Where methods described above indicate certain events
occurring in certain order, the ordering of certain events may be modified. Additionally,
certain of the events may be performed concurrently in a parallel process when possible, as
well as performed sequentially as described above. Any portion of the apparatus and/or
methods described herein may be combined in any combination, except mutually exclusive
combinations. The embodiments described herein can include various combinations and/or
sub-combinations of the functions, components and/or features of the different embodiments

described.
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What is claimed is:
1. An apparatus, comprising:

a coverage hole detection module implemented in at least one of a memory or a
processing device, the coverage hole detection module configured to receive, at a first time, a
value associated with each key performance indicator from a set of key performance
indicators associated with a wireless network,

the coverage hole detection module configured to identify, based on the value
associated with each key performance indicator from the set of key performance indicators, a
geographic area having a network performance problem at the first time,

the coverage hole detection module configured to send, in response to identifying the
network performance problem and to a down cell detection module, an inactive cell request
to identify inactive antenna cells from a set of antenna cells associated with the geographic
area,

the coverage hole detection module configured to receive, from the down cell
detection module and in response to the inactive cell request, an indication that each antenna
cell from the set of antenna cells is active,

the coverage hole detection module configured to send, in response to the geographic
area having the network performance problem at the first time and to a neighbor relation
module, a neighbor relation update request for cach antenna cell from the set of antenna cells
to update at a second time after the first time a neighbor list associated with that antenna cell,

the coverage hole detection module configured to classify the network performance
problem as a coverage hole in response to the coverage hole detection module identifying the
network performance problem at a third time, the third time being a predetermined time after

the second time.

2. The apparatus of claim 1, wherein the set of key performance indicators includes a
drop call rate, an indication of received signal power at a set of user devices, an estimate of
propagation time between the set of user devices and an access point associated with an
antenna cell from the plurality of antenna cells, available resources at the access point,
available resources at the set of user devices, a radio resource utilization rate at the access

point, and an indication of devices changing technology within the geographic arca.

3. The apparatus of claim 1, further comprising:
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a coverage hole mitigation module operatively coupled to the coverage hole detection
module, the coverage hole mitigation module configured to send a signal to modify at least
one of a power or an antenna tilt associated with at least one antenna cell from the set of
antenna cells based on the coverage hole detection module classifying the network

performance problem as a coverage hole.

4. The apparatus of claim 1, wherein the coverage hole detection module is configured
to send the neighbor relation request in response to receiving the indication that each antenna

cell from the set of antenna cells is active.

5. The apparatus of claim 1, further comprising:

a coverage hole mitigation module operatively coupled to the coverage hole detection
module, the coverage hole mitigation module configured to, for each antenna cell from the set
of antenna cells, detect a set of potential victim antenna cells within an area covered by that
antenna cell from the set of antenna cells if that antenna cell from the set of antenna cells
were used to mitigate the coverage hole,

the coverage hole mitigation module configured to select a first antenna cell from the
set of antenna cells to use to mitigate the coverage hole, the coverage hole mitigation module
configured to send a signal to modify a configuration associated with the first antenna cell to
at least partially mitigate the coverage hole,

the coverage hole mitigation module configured to not use a second antenna cell from
the set of antenna cells to mitigate the coverage hole based on an antenna cell from the set of
potential victim antenna cells within the area covered by the second antenna cell being within

the set of potential victim antenna cells within the area covered by the first antenna cell.

6. The apparatus of claim 1, further comprising:

a coverage hole mitigation module operatively coupled to the coverage hole detection
module, the coverage hole mitigation module configured to, for each antenna cell from the set
of antenna cells, detect a set of potential victim antenna cells within an area covered by that
antenna cell from the set of antenna cells if that antenna cell from the set of antenna cells
were used to mitigate the coverage hole,

the coverage hole mitigation module configured to select a first antenna cell from the

set of antenna cells to use to mitigate the coverage hole, the coverage hole detection module
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configured to send a signal to modify a configuration associated with the first antenna cell to
at least partially mitigate the coverage hole,

the coverage hole mitigation module configured to send a signal to modify a
configuration associated with a second antenna cell from the set of antenna cells based on
each antenna cell from the set of potential victim antenna cells within the area covered by the
second antenna cell not being within the set of potential victim antenna cells within the area

covered by the first antenna cell.

7. The apparatus of claim 1, further comprising:

a coverage hole mitigation module operatively coupled to the coverage hole detection
module, the coverage hole mitigation module configured to rank the set of antenna cells
based on a cost value to modify a configuration of each antenna cell from the set of antenna
cells,

the coverage hole mitigation module configured to, at a fourth time after the third
time, send a signal to change a configuration associated with a first antenna cell from the set
of antenna cells to mitigate the coverage hole based on the first antenna cell having a rank
meeting a first predetermined criterion,

the coverage hole mitigation module configured to, at a fifth time after the fourth
time, send a signal to change a configuration associated with a second antenna cell from the
set of antenna cells to mitigate the coverage hole based on (1) the second antenna cell from
the set of antenna cells having a rank meeting a second predetermined criterion and (2) the

first antenna cell from the set of antenna cells not meeting a third predetermined criterion.

8. The apparatus of claim 1, further comprising:

a coverage hole mitigation module operatively coupled to the coverage hole detection
module, the coverage hole mitigation module configured to select an antenna cell from the set
of antenna cells to use to at least partially mitigate the coverage hole based on a portion of the
coverage hole associated with the antenna cell from the set of antenna cells being greater than
a portion of the coverage hole associated with each remaining antenna cell from the set of

antenna cells.

9. An apparatus, comprising:
a coverage hole mitigation module implemented in at least one of a memory or a

processing device, the coverage hole mitigation module configured to receive an indication of
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a coverage hole within a geographic area and associated with a plurality of antenna cells
associated with an antenna,

the coverage hole mitigation module configured to identify a first antenna cell (1)
from the plurality of antenna cells and (2) to use to mitigate the coverage hole,

the coverage hole mitigation module configured to send a signal to change a tilt of the
antenna from a first position to a second position at a first time,

the coverage hole mitigation module configured to send, at a second time after the
first time, a signal to increase power of the first antenna cell from a first power level to a
second power level in response to at least one of (1) an adverse effect on a coverage area
associated with a second antenna cell from the plurality of antenna cells and during a
predetermined time period after the first time, or (2) a limit associated with the tilt of the

antenna.

10.  The apparatus of claim 9, wherein the coverage hole mitigation module is configured
to, at a third time after the second time, send a signal to change the power of the first antenna
cell from the second power level to the first power level if a value of at least one key
performance indicator from the set of key performance indicators indicates from the second
time to the third time a decrease in performance of at least one antenna cell from the plurality
of antenna cells,

the coverage hole mitigation module configured to not send, at the third time, a signal
to increase the power of the first antenna cell from the second power level to a third power
level if a value of at least one key performance indicator from the set of key performance
indicators indicates from the second time to the third time no decrease in performance of each

antenna cell from the plurality of antenna cells.

11. The apparatus of claim 9, wherein a time period to change the power of the first
antenna cell from the second power level to the first power level after the second time based
on an adverse effect on at least one antenna cell from the plurality of antenna cells is less than
a time period to further increase the power of the first antenna cell from the second power
level to a third power level after the second time based on an improvement in a value of at

least one key performance indicator from the plurality of key performance indicators.

12. The apparatus of claim 9, further comprising:
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a coverage hole detection module operatively coupled to the coverage hole mitigation
module, the coverage hole detection module configured to detect a network performance
problem within the geographic arca and identify the network performance problem as the
coverage hole based on the network performance problem not being associated with an

inactive antenna cell or an outdated neighbor list.

13.  The apparatus of claim 9, wherein coverage hole mitigation module configured to
identify the adverse effect on the coverage area associated with the second antenna cell based
on a value for each key performance indicator from a set of key performance indicators
associated with the second antenna cell,

the set of key performance indicators includes at least one of a drop call rate, an
indication of received signal power at a set of user devices, an estimate of propagation time
between the set of user devices and an access point associated with the second antenna cell,
available resources at the set of user devices, a radio resource utilization rate at the access

point, and an indication of devices changing technology within the geographic arca.

14.  The apparatus of claim 9, wherein the coverage hole mitigation module configured to
send a signal to change the tilt from the second position to the first position at a third time
after the first time but before the second time and in response to a value for at least one key
performance indicator from a set of key performance indicators indicating the adverse effect
on the coverage area associated with the second antenna cell from the plurality of antenna

cells and during a predetermined time period between the first time and the third time.

15.  The apparatus of claim 9, wherein the coverage hole mitigation module is configured
to send, at a third time after the first time, a signal to change the tilt of the antenna from the
second position to a third position based on a limit associated with the power of the first

antenna cell.

16.  The apparatus of claim 9, wherein the coverage hole mitigation module is configured
to, at a third time after the second time, send a signal to change the power of the first antenna
cell from the second power level to the first power level if a value associated with a capacity
of the first antenna cell meets a capacity limit criterion after the second time and before the

third time.
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17. A method, comprising:

analyzing, periodically and upon expiration of a detection timer for a wireless
network, a first value of each key performance indicator from a set of key performance
indicators for the wireless network;

identifying, based on the first value associated with at least one key performance
indicator from the set of key performance indicators, a geographic area having a network
performance problem at a time;

sending, in response to the geographic area having the network performance problem
at the time, a neighbor relation request to update a neighbor list associated with at least one
antenna cell from a set of antenna cells associated with the geographic area;

initiating a neighbor relation timer associated with the at least one antenna cell based
on the sending the neighbor relation request;

upon expiration of the neighbor relation timer, identifying the network performance
problem as a coverage hole if a second value associated with the at least one key performance
indicator does not meet a predetermined criterion;

sending, in response to the identifying the network performance problem as the
coverage hole, a signal to modify at least one of a power associated with the at least one
antenna cell from the set of antenna cells or a tilt of an antenna including the at least one
antenna cell from the set of antenna cells;

initiating a monitor timer and an action timer for the antenna in relation to the signal
to modify at least one of the power or the antenna tilt;

upon expiration of the monitor timer, receiving a third value of each key performance
indicator from the set of key performance indicators and determining improvement or
decrease in performance associated with the antenna based on the third value of the at least
one key performance indicator from the set of key performance indicators; and

upon expiration of the action timer, sending a signal to further modify at least one of
the power associated with the at least one antenna cell from the set of antenna cells or the tilt
of the antenna if a fourth value of the at least one key performance indicator from the set of

key performance indicators meets a predetermined criterion.

18. The method of claim 17, wherein the set of key performance indicators includes a
drop call rate, an indication of received signal power at a set of user devices, an estimate of
propagation time between the set of user devices and an access point associated with an

antenna cell from the plurality of antenna cells, available resources at the access point, a radio
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resource utilization rate, and an indication of devices changing technology within the

geographic area.

19. The method of claim 17, wherein a duration associated with the monitor timer is less

than a duration associated with the action timer.

20. The method of claim 17, further comprising:

upon expiration of the monitor timer, before expiration of the action timer, and based
on determining a decrease in performance associated with the antenna, sending a signal to
revert the at least one of the power associated with the at least one antenna cell from the set

of antenna cells or the tilt of the antenna to a prior configuration.

21. The method of claim 17, wherein the predetermined criterion is at least one of a
decrease in a drop call rate, a decrease in received signal power at a set of user devices, an
increase in propagation time between the set of user devices and an access point associated
with the antenna, a decrease in available resources at the access point, or a decrease in a rate

of devices changing technology within the geographic area.

22. The method of claim 17, wherein the initiating the monitor timer and the action timer

for the antenna is based on an initial coverage hole detection associated with the antenna.

23. The method of claim 17, wherein the predetermined criterion is a first predetermined
criterion and the fourth value is from a set of fourth values, each fourth value from the set of
fourth values being associated with a unique antenna cell of the antenna,

the determining improvement or decrease in performance associated with the antenna
is based on: (1) the fourth value from the set of fourth values for each antenna cell of the
antenna meeting a second predetermined criterion if the power of the at least one antenna cell
is modified, or (2) a combination of each fourth value from the set of fourth values meeting a
third predetermined criterion if the antenna tilt associated with the at least one antenna cell is

modified.

24, The method of claim 17, wherein the geographic area is a first geographic area, the
time is a first time, and the at least one antenna cell is a first antenna cell included in the

antenna, the method further comprising:
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identifying a second geographic area having a network performance problem at a
second time after the first time and prior to expiration of the action timer, the second
geographic area being associated with a second antenna cell included in the antenna; and

waiting until expiration of the action timer to modify at least one of the power of the
second antenna cell included in the antenna or the tilt of the antenna based on the second

geographic area having the network performance problem.
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700

receive, at a first ime, a value associated with each key performance indicator from a
set of key performance indicators associated with a wireless network
702

l

wentify, based on the value associaled with each key performance indicator from the
set of key performance indicators, a geographic area having a network performance
problem at the first time
704

:

send, in response to identifying the network performance problem, an inactive csll
reguest to identify inaclive antenna cells from a set of antenna cells associated with the
geographic area
7406

l

receive, inresponse o the inactive cell request, an indication that each antenna cell
from the set of antenna cells is active
708

!

send, in response {o the geographic area having the network performance problem at
the first time, a neighbor relation update request for each antenna cell from the sel of
antenna ceils to updale at a zecond time after the first time a neighbor list azsociated
with that antenna cell
710

l

classify the network performance problem as a coverage hole in response (o the
identifying the network performance problem at a third time, the third time being a
predetermined time after the second time
712

l

aptionally, send a signal to modify at least one of a power or an antenna il associated
with at least one antenna cell from the set of antenna cells based on the coverage hole
detection module classifying the network performance problem as a coverage hole
714

FIG. 8
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