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CELL OUTAGE COMPENSATION USING BEST NEIGHBOR CELL

CANDIDATE

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] The present invention claims priority to U.S. Provisional Application No.

62/108,499, filed January 27, 2015, to U.S. Provisional Application No. 62/108,482, filed

January 27, 2015, and to P.C.T. Application No. PCT/US 15/52482, filed September 25,

2015, which in turn claims priority to U.S. Provisional Application No. 62/055,580, filed

September 25, 2014, and U.S. Provisional Application No. 62/055,583, filed September 25,

2014, each of which are incorporated by reference herein for all purposes.

BACKGROUND

[0002] In order to serve the increased demand, wireless communication networks are

becoming more diverse and complex, and subsequently are becoming more difficult to

manage. A Self-Organizing Network (SON) simplifies and automates multiple processes to

efficiently manage diverse communication networks.

[0003] Many SON algorithms require information about the coverage areas of cells in order

to make better optimization decisions. However, it can be difficult to obtain cell coverage

information for a network. Cell coverage information could be retrieved from the output of a

network planning tool, but this information is not always available to a SON tool. In

addition, network planning tools tend to use large amounts of data to determine cell coverage,

so planning tools tend to be relatively slow and inefficient.

[0004] Typical algorithms attempt to estimate the coverage area of a source cell by

identifying the closest cells in the network to the source cell and using information on the

azimuth of the source cells to estimate a coverage distance for that cell. While these methods

can produce acceptable results in networks where cells are laid out in a regular fashion, they

tend to perform poorly in areas with an irregular placement of cells.

[0005] In addition, some algorithms have absolute distance thresholds in place to prevent

against poor algorithmic decisions. For example, an Automated Neighbor Relations (ANR)

algorithm may impose a maximum distance threshold beyond which cells are not added to



neighbor lists. One problem with imposing such a threshold is that a single threshold is

generally not suitable in all cases, especially when cell density varies.

[0006] For example, in rural environments, a large distance threshold such as 15km may be

suitable. However, if this threshold is used in an urban environment, distant cells may be

added to the neighbor list of a source cell, resulting in poor system performance. In an urban

environment, a distance threshold of 2km to 4km may be more suitable. However, if the

distance threshold is set too low, neighbor cells may not be added, even though manual

inspection shows that they should be.

[0007] Distance thresholds are generally applied to a large number of cells in a region such

as all cells on a particular Radio Network Controller (RNC). While different distance

thresholds may be applied on a per-cell basis, this is time consuming and error prone if done

manually.

[0008] In practice, optimization engineers don't consider distances - instead, they look at

cell tiers. Most RF engineers look at map and intuitively know how many tiers separate cells.

However, it can be hard for an optimization engineer to provide a precise definition for a cell

tier, or how to establish such a tier.

[0009] Most engineers will look at a map and make intuitive estimates about which cells

are first tier neighbors of a source cell. Generally, these will be the closest cells to the source

cells, with antenna pointing directions that are pointing towards the coverage area of the

source cell. However, these intuitive decisions are difficult to translate into algorithms.

Therefore, it is desirable to have an accurate and efficient tool that automates the tier

counting process.

[0010] In cellular networks, there is always a possibility that a given cell experiences an

outage. An outage may be caused by software errors, hardware failure, or by deliberate acts

such as when a cell is taken offline for maintenance. An inactive cell is temporarily not able

to support mobile users within its coverage area. When a cell is rendered inactive and a

network operator wishes to compensate for the coverage area of the inactive cell, a network

engineer will typically make a decision after manually reviewing network data.

[0011] Most cells in telecommunications networks have other cells nearby that can be

adapted to help compensate for a cell outage. However, it can be difficult to determine an

optimum cell to compensate for an inactive cell. For example, an inactive cell may have a



number of cells that are located at similar distances from the inactive cell, so distance alone is

generally insufficient to determine one or more optimum compensation cell.

BRIEF SUMMARY

[0012] The present disclosure provides a system and method that automate elements of the

cell compensation process. When a cell is in an outage, a coverage hole may be created in a

cellular telecommunications network. In order to compensate for the coverage hole, neighbor

cells are examined to identify one or more neighbor cells that may be adjusted to provide

coverage in the outage area via the adjustment of a cell parameter (e.g., transmit power) or a

cell antenna pointing direction.

[0013] Coverage area compensation can be accomplished by adjusting the tilt of the

antennas of the neighboring cells in the vertical direction (e.g. by one degree) to compensate

for the coverage area of the inactive cell. If the network includes antennas with azimuth

steering capabilities, or adjustable beamwidth, then the azimuth or beamwidth of neighboring

antennas may also be changed in an effort to provide coverage into the outage area.

[0014] The one or more cells that have their antenna tilt angles or other cell parameters

adjusted to improve coverage in the outage area may be referred to as replacement cells. The

replacement cells may be selected from a list of neighboring cells of the cell in outage. This

disclosure provides a system and method that automatically examines the neighboring cells

and selects the best candidates for replacing the cell in outage based on a carefully designed

metric. A method may be implemented as part of a SON system to enable the automatic

replacement of a cell in outage and to allow for continued operation of a cellular network

when one or more of its cells experience a period of inactivity.

[0015] In an embodiment, a process for compensating for cell coverage in a wireless

telecommunications network includes identifying an inactive cell, determining candidate cells

from a plurality of neighboring cells that neighbor a coverage area of the inactive cell,

calculating a compensation metric for each of the candidate cells, each compensation metric

being based on a received power level of a respective candidate cell at one or more point,

comparing respective compensation metrics for each cell of the candidate cells to

compensation metrics of the remaining candidate cells, selecting one or more replacement

cell from the candidate cells based on a result of the comparison, and adjusting parameters of

the one or more replacement cell to compensate for the inactive cell.



[0016] Calculating the compensation metric may include determining the one or more point

in a shape representing the coverage area of the inactive cell. The shape may be a polygon,

and the one or more point in the coverage area of the inactive cell may include vertices of the

polygon. The one or more point in the coverage area of the inactive cell may include a

centroid of the shape.

[0017] In an embodiment, calculating the compensation metric includes determining

antenna pattern data for the candidate cells, and using the antenna partem data to determine

respective received power levels of each respective candidate cell at the one or more point in

the shape. Calculating the compensation metric may further include determining a path loss

of each candidate cell at the one or more point, and using the path loss to determine the

received power levels of each respective candidate cell at the one or more point in the shape.

[0018] The compensation metric may be weighted according to data for the inactive cell at

the one or more point. The compensation metric may be expressed in a logarithmic scale.

[0019] In an embodiment, comparing respective compensation metrics includes

determining a highest compensation metric for the candidate cells, and selecting a cell

associated with the highest compensation metric as a replacement cell of the one or more

replacement cell.

[0020] A process for compensating for the coverage area of an inactive cell may include

determining whether compensation metrics of remaining candidate cells are within a

predetermined range of the highest compensation metric, and when one or more

compensation metric of the remaining candidate cells are within the predetermined range,

selecting each associated candidate cell as a replacement cell of the one or more replacement

cell.

[0021] In an embodiment of this disclosure, a computer-implemented method for

determining a neighbor tier relationship between first and second cells in a wireless

communications network with a plurality of cell sites includes establishing respective cell site

shapes for the plurality of cell sites including the first and second cells, each shape

representing a coverage area of a corresponding cell site, establishing cell shapes for the cells

of the plurality of cell sites, determining a tier relationship between the first and second cells

based on a number of cell polygons between the first and second cells, and storing the tier

relationship in a memory.



[0022] In an embodiment, establishing cell shapes for the cells of the plurality of cell sites

includes determining cell points for cells of the plurality of cell sites and creating a second

Voronoi diagram using the cell points as seeds. Establishing respective cell site shapes for

the plurality of cell sites may include determining locations for each of the plurality of cell

sites and creating a first Voronoi diagram using the cell site locations as seeds.

[0023] The method may further include determining cell points for cells of the plurality of

cell sites. In such an embodiment, determining cell points for cells of the plurality of cell

sites may includes determining a distance from a first cell site of the plurality of cell sites to a

nearest neighboring cell site and establishing cell points for the first cell site at locations that

are a fraction of the distance from the first cell site. The fraction of the distance may be a

value from 0.05 to 0.50, and the cell points may be established at azimuth directions for

antennas of the first cell site. Furthermore, the nearest neighboring cell site may be

determined by performing Delaunay triangulation on the plurality of cell sites,

[0024] In an embodiment, the method may further include performing Delaunay

triangulation on the cell points. Such an embodiment may further include determining first

tier relationships between cells associated with the cell points by identifying cells that are

connected by a single leg of triangles from the Delaunay triangulation as first tier neighbors.

In addition, determining first tier relationships may be performed for all cells of the plurality

of cell sites, and it may further include counting a number of first tier relationships between

the first cell and the second cell, wherein the number of first tier relationships is the tier

relationship between the first cell and the second cell.

[0025] In an embodiment, determining the tier relationship between the first and second

cells includes determining a least number of triangle legs of the Delaunay triangles that

connect the first cell to the second cell. The cell shapes and/or the cell site shapes may be

Voronoi polygons. In an embodiment, the tier relationship between the first cell and the

second cell is determined based on a lowest number of Voronoi polygons between the first

and second cells.

[0026] Tier counting may include determining a lowest number of polygon edges that must

be traversed between the first cell and the second cell, wherein the lowest number of polygon

edges is a value of the tier relationship between the first and second cells.

[0027] In an embodiment, tier counting includes establishing a line between one of first or

second cell points corresponding to the first and second cells or first or second cell sites



corresponding to the first and second cells and determining a number of cell shapes that

intersect with the line, wherein the number of cell shapes that intersect with the line is a value

of the tier relationship between the first and second cells.

[0028] When a cell site uses an omnidirectional antenna, the cell point may be the location

of the cell site. A method may further include updating a neighbor list based on the tier

relationship.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Figure 1 illustrates a wireless communications system according to an embodiment.

[0030] Figure 2 illustrates a network resource controller according to an embodiment

[0031] Figure 3 illustrates an automatic tier counting process according to an embodiment.

[0032] Figure 4 illustrates a process for establishing a shape around a cell site.

[0033] Figure 5A illustrates site locations as shapes in a regular deployment.

[0034] Figures 5B illustrates site locations as shapes in a variable density deployment.

[0035] Figure 6 illustrates a process for determining tier relationships between cells.

[0036] Figures 7A, 7B and 7C illustrate determining tier relationships between cells.

[0037] Figure 8A is a Voronoi diagram of cell sites, and Figure 8B is a Voronoi diagram of

cell points.

[0038] Figure 9 illustrates a process for determining tier relationships between cells.

[0039] Figures 10A and 10B illustrate determining tier relationships between cells.

[0040] Figures 11A and 1IB illustrate determining shapes based on cell type.

[0041] Figure 12 illustrates a process for determining tier relationships between cells.

[0042] Figures 13A and 13B illustrate determining tier relationships between cells.

[0043] Figure 14 illustrates a process for determining tier relationships between cells.

[0044] Figure 15 illustrates tier relationships between cells.

[0045] Figure 16 illustrates a process for determining tier relationships between cells.

[0046] Figure 17 illustrates tier relationships between cells.



[0047] Figure 18 illustrates a process for determining tier relationships between cells.

[0048] Figure 19 illustrates a process for determining tier relationships between cells.

[0049] Figure 20 illustrates determining tier relationships between cells.

[0050] Figure 2 1 illustrates a process for determining neighbor relationships according to

an embodiment of the present disclosure.

[0051] Figure 22 illustrates a plurality of cell points connected by Delaunay triangulation.

[0052] Figure 23 illustrates a plurality of cell points connected by Delaunay triangulation

which selected edges are designated for removal.

[0053] Figure 24 illustrates a plurality of cell points connected by Delaunay triangulation

from which selected edges have been removed.

[0054] Figure 25 illustrates a distance-based process for selecting edges for removal.

[0055] Figure 26 illustrates a plurality of cell points connected by Delaunay triangulation

which selected edges are designated for removal using a distance-based method.

[0056] Figure 27 illustrates an angle-based process for selecting edges for removal.

[0057] Figure 28 illustrates an asymmetrical triangle.

[0058] Figure 29 illustrates a plurality of cell points connected by Delaunay triangulation

which selected edges are designated for removal using an angle-based method.

[0059] Figure 30 illustrates an angle-based process for selecting edges for removal.

[0060] Figure 3 1 illustrates an angle-based process for selecting edges for removal.

[0061] Figure 32 illustrates a process for removing edges.

[0062] Figure 33 illustrates a plurality of cell points connected by Delaunay triangulation

which selected edges are designated for removal.

[0063] Figure 34 illustrates a process for compensating for an inactive cell.

[0064] Figure 35 illustrates a network diagram of an inactive cell and neighboring cells.

[0065] Figure 36 is a table of compensation metrics.

[0066] Figure 37 illustrates a network diagram of an inactive cell and neighboring cells.



[0067] Figure 38 is a table of compensation metrics.

[0068] Figure 39 illustrates a process for calculating a compensation metric.

[0069] Figure 40 illustrates an antenna pattern.

[0070] Figure 4 1 illustrates a network diagram of an inactive cell and neighboring cells.

DETAILED DESCRIPTION

[0071] In the following description, neighbor tiers are related to coverage area boundaries.

In particular, two neighboring cells are first tier neighbors when their respective coverage

areas share a common cell boundary. In addition, second tier neighbors have coverage areas

that are separated by one other cell, while third tier neighbors have coverage areas that are

separated by two other cells, and so on. This explanation is consistent with expectations from

RF engineers for tier relationships.

[0072] This disclosure provides a method and system for determining the number of tiers

separating cells in a cellular communications network. This information can then be used in

algorithms for self-organizing networks, such as Automatic Neighbor Relations (ANR),

Neighbor List Initialization, Coverage and Capacity Optimization (CCO), Reuse Code

Optimization (e.g., Scrambling Code Optimization for UMTS networks, PCI Optimization

for LTE Networks, BSIC optimization for GSM networks, etc.). Various cellular parameters

may be changed in conjunction with these activities, such as transmit power and antenna tilt

and direction.

[0073] A detailed description of embodiments is provided below along with accompanying

figures. The scope of this disclosure is limited only by the claims and encompasses

numerous alternatives, modifications and equivalents. Although steps of various processes

are presented in a particular order, embodiments are not necessarily limited to being

performed in the listed order. In some embodiments, certain operations may be performed

simultaneously, in an order other than the described order, or not performed at all.

[0074] Numerous specific details are set forth in the following description in order to

provide a thorough understanding. These details are provided for the purpose of example and

embodiments may be practiced according to the claims without some or all of these specific

details. For the purpose of clarity, technical material that is known in the technical fields

related to this disclosure has not been described in detail so that the disclosure is not

unnecessarily obscured.



[0075] Figure 1 illustrates a networked communications system 100 according to an

embodiment of this disclosure. System 100 may include one or more base stations 102, each

of which are equipped with one or more antennas 104. Each of the antennas 104 may provide

wireless communication for user equipment 108 in one or more cells 106. As used herein,

the term "base station" refers to a wireless communications station provided in a location and

serves as a hub of a wireless network. For example, in LTE, a base station may be an

eNodeB. The base stations may provide service for macrocells, microcells, picocells, or

femtocells. In this disclosure, the term "cell site" may be used to refer to the location of a

base station.

[0076] The one or more UE 108 may include cell phone devices, laptop computers,

handheld gaming units, electronic book devices and tablet PCs, and any other type of

common portable wireless computing device that may be provided with wireless

communications service by a base station 102. In an embodiment, any of the UE 108 may be

associated with any combination of common mobile computing devices (e.g., laptop

computers, tablet computers, cellular phones, handheld gaming units, electronic book

devices, personal music players, MiFi™ devices, video recorders, etc.), having wireless

communications capabilities employing any common wireless data communications

technology, including, but not limited to: GSM, UMTS, 3GPP LTE, LTE Advanced,

WiMAX, etc.

[0077] The system 100 may include a backhaul portion 116 that can facilitate distributed

network communications between backhaul equipment 110, 112 and 114 and the one or more

base station 102. As would be understood by those skilled in the Art, in most digital

communications networks, the backhaul portion of the network may include intermediate

links 118 between a backbone of the network which are generally wire line, and sub networks

or base stations located at the periphery of the network. For example, cellular user equipment

(e.g., UE 108) communicating with one or more base station 102 may constitute a local sub

network. The network connection between any of the base stations 102 and the rest of the

world may initiate with a link to the backhaul portion of a provider's communications

network (e.g., via a point of presence).

[0078] In an embodiment, the backhaul portion 102 of the system 100 of Figure 1 may

employ any of the following common communications technologies: optical fiber, coaxial

cable, twisted pair cable, Ethernet cable, and power-line cable, along with any other wireless



communication technology known in the art. In context with various embodiments of the

invention, it should be understood that wireless communications coverage associated with

various data communication technologies (e.g., base station 102) typically vary between

different service provider networks based on the type of network and the system

infrastructure deployed within a particular region of a network (e.g., differences between

GSM, UMTS, LTE, LTE Advanced, and WiMAX based networks and the technologies

deployed in each network type).

[0079] Any of the network controller devices 110, 112 and 114 may be a dedicated

Network Resource Controller (NRC) that is provided remotely from the base stations or

provided at the base station. Any of the network controller devices 110, 112 and 114 may be

a non-dedicated device that provides NRC functionality among others. In another

embodiment, an NRC is a Self-Organizing Network (SON) server. In an embodiment, any of

the network controller devices 110, 112 and 114 and/or one or more base stations 102 may

function independently or collaboratively to implement processes associated with various

embodiments of the present disclosure.

[0080] In accordance with a standard GSM network, any of the network controller devices

110, 112 and 114 (which may be NRC devices or other devices optionally having NRC

functionality) may be associated with a base station controller (BSC), a mobile switching

center (MSC), a data scheduler, or any other common service provider control device known

in the art, such as a radio resource manager (RRM). In accordance with a standard UMTS

network, any of the network controller devices 110, 112 and 114 (optionally having NRC

functionality) may be associated with a NRC, a serving GPRS support node (SGSN), or any

other common network controller device known in the art, such as an RRM. In accordance

with a standard LTE network, any of the network controller devices 110, 112 and 114

(optionally having NRC functionality) may be associated with an eNodeB base station, a

mobility management entity (MME), or any other common network controller device known

in the art, such as an RRM.

[0081] In an embodiment, any of the network controller devices 110, 112 and 114, the base

stations 102, as well as any of the UE 108 may be configured to run any well-known

operating system, including, but not limited to: Microsoft® Windows®, Mac OS®, Google®

Chrome®, Linux®, Unix®, or any mobile operating system, including Symbian®, Palm®,

Windows Mobile®, Google® Android®, Mobile Linux®, etc. Any of the network controller



devices 110, 112 and 114 or any of the base stations 102 may employ any number of

common server, desktop, laptop, and personal computing devices.

[0082] Figure 2 illustrates a block diagram of an NRC 200 that may be representative of

any of the network controller devices 110, 112 and 114. Accordingly, NRC 200 may be

representative of a Network Management Server (NMS), an Element Management Server

(EMS), a Mobility Management Entity (MME), or a SON server. The NRC 200 has one or

more processor devices including a CPU 204.

[0083] The CPU 204 is responsible for executing computer programs stored on volatile

(RAM) and nonvolatile (ROM) memories 202 and a storage device 212 (e.g., HDD or SSD).

In some embodiments, storage device 212 may store program instructions as logic hardware

such as an ASIC or FPGA. Storage device 212 may store, for example, location data 214,

cell points 216, and tier relationships 218.

[0084] The NRC 200 may also include a user interface 206 that allows an administrator to

interact with the NRC's software and hardware resources and to display the performance and

operation of the system 100. In addition, the NRC 200 may include a network interface 206

for communicating with other components in the networked computer system, and a system

bus 210 that facilitates data communications between the hardware resources of the NRC

200.

[0085] In addition to the network controller devices 110, 112 and 114, the NRC 200 may

be used to implement other types of computer devices, such as an antenna controller, an RF

planning engine, a core network element, a database system, or the like. Based on the

functionality provided by an NRC, the storage device of such a computer serves as a

repository for software and database thereto.

[0086] Neighbor tier counting is facilitated by establishing boundaries for individual cells.

Determining the coverage area of each cell facilitates establishing cell boundaries. There are

a number of ways in which this can be accomplished.

[0087] Cell boundaries can be established using an RF planning tool or from measurements

in a deployed network, such as drive test measurements or data from a geolocation tool. RF

planning tools can make a determination of which cells are first tier neighbors of each other.

Second, third and subsequent tier neighbors may be determined through various relationships.

However, this level of RF planning tool information is not always available to a SON tool,



and even when it is, the amount of time and resources, including processor resources, for

providing such information makes it difficult to provide current coverage information in a

timely manner. In addition, in the case of a customer trial, operators may be reluctant to

provide information from their planning tools, which typically includes sensitive data.

[0088] Drive test and Geolocation data could be used to make determinations of cell

coverage area. However, there are drawbacks to making tier determinations using drive test

or geolocation information. For example, such information requires that networks be already

deployed. However some SON algorithms (e.g., neighbor list initialization) use neighbor tier

separation data prior to a cell being deployed. Thus, this data is not available in some

situations.

[0089] Drive test data requires physical presence in various geographic locations which

may not be practically accessible. Accordingly, drive test data is generally not available for

all parts of the network. In addition, an operator may not have deployed a geolocation

solution in their network.

[0090] On the other hand, SON tools are generally provided with cell site information such

as cell location including cell latitude and longitude, whether cell is deployed indoors or

outdoors, antenna azimuth (pointing direction), and antenna height information. Using this

information alone, it is possible to make an estimate of cell coverage areas and use this

information to determine cell boundaries, first tier neighbor cells, etc. Embodiments of such

a process and a system that implements the process are provided by this disclosure.

[0091] Figure 3 illustrates a general process 300 for determining neighbor tier relationships

for cells. Elements of process 300 will be explained in more detail with respect to subsequent

figures and processes.

[0092] In process 300, shapes are established at S302 for cell sites, which may correspond

to the location of a base station, such as a cellular tower for a macrocell. The cell site shapes

may be used to establish cells S304, which may be represented as points, shapes, or both in

various embodiments. For example, a cell point may be a centroid of a cell shape, a base

station location for cases such as a femtocell with an omnidirectional antenna, or a point a

certain distance along an azimuth from a base station. In an embodiment with an

omnidirectional antenna, a site shape may be the same as a cell shape. After cells are

established, neighbor tier relationships between cells are determined at S306.



[0093] Figure 4 shows a process S400 for establishing a shape around a cell site.

Locations for cell sites in a cellular network are determined at S402. A location for a cell site

may be latitude and longitude values for the cell site. The cell site locations may be

maintained in a database, which may be a pre-existing database of a SON server in a specific

embodiment. Such a database may be updated as new cell sites are deployed, and processes

according to embodiments of this disclosure may be performed periodically so that neighbor

tier relationships are accurate as the network evolves.

[0094] Neighbor tier relationships may be stored in a memory by one or more network

device. For example, neighbor tier relationships may be stored by a base station 104 and/or a

network resource controller 200 for use with various network operations.

[0095] Network planning teams generally select cell sites to have a coverage area in all

directions around the cell site. This is particularly true for Macro cell deployments.

Typically, the locations closest to a cell site are served by that cell site.

[0096] Cell types for the cell sites are determined at S404. Various types of cells have

different characteristics, and an embodiment may account for one or more characteristic

when creating a shape for the site at S406. For example, the coverage area of a femtocell is

substantially smaller than the coverage area of a macrocell, so different techniques may be

employed when establishing a femtocell shape compared to establishing a macrocell shape.

Examples of how cell types may influence establishing shapes S406 are provided in more

detail below with respect to Figures 11A, 1IB and 13A .

[0097] Shapes are established around the site locations at S406. Establishing shapes S406

will be explained with respect to FIG. 5A, which shows shapes in a regular (e.g. evenly

spaced) deployment, and FIG. 5B, which shows a deployment with varying site density. The

shapes in FIG. 5A and 5B are Voronoi polygons established using Voronoi diagrams.

[0098] For a given set of points, a Voronoi diagram divides an area into regions around a

plurality of points, or seeds, in such a way that each point in a region is closest to its seed. If

the seeds are cell sites, then resulting regions are polygons that provide a useful

approximation of the coverage area of a cell site. While the resulting polygons are not exact

representations of the coverage area of each site, the boundary of the polygons can be used as

indication of the first tier neighbor sites of each site.



[0099] An example of a set of sites 502 and the Voronoi polygons 504 for those sites is

shown in Figure 5A. Depending on the layout of the sites 502, the polygons may have

various numbers of sides. Highly efficient algorithms have been developed for creating

Voronoi polygons around data points, which can be employed in embodiments of this

disclosure.

[0100] Figure 5B shows a Voronoi diagram of a variable density site scenario. This

example is representative of a high density site deployment around two small urban areas,

with rural sites in between.

[0101] FIG. 5B illustrates an advantage of an embodiment of this disclosure over a

distance-based approach. While a distance-based approach may recognize that site 502a is a

neighbor of site 502b, the distance-based approach may not recognize that site 502c is a

neighbor of site 502b because there is a substantial distance between them. However, for

mobility purposes, site 502c is a first-tier neighbor of site 502b, and cells associated with site

502c will accept handovers from cells associated with site 502b.

[0102] In the Voronoi diagrams of FIG. 5A and FIG. 5B, first tier site neighbors are those

that share a common polygon edge. Second tier neighbors are those that have a common first

tier neighbor, and so on.

[0103] Instead of calculating polygon edges, the first tier neighbors can be determined via

Delaunay triangulation. For a first point (site) 502, Delaunay triangulation directly provides

the points (sites) 502 that have Voronoi polygon edges that are adjacent to the polygon edges

of the first point.

[0104] Figure 6 shows a process 600 for determining tier relationships between cells. In

process 600, distances between site points are determined at S602. Figure 7A shows the

three cell sites 502a, 502b and 502c from FIG. 5 . In FIG. 7A, the distance between cell sites

502a and 502b is represented by line 710a, and the distance between sites 502b and 502c is

represented by line 7 10b.

[0105] In an embodiment, determining distances between site points may be accomplished

by performing Delaunay triangulation to all site locations in a network area. The resulting

mesh from a Delaunay triangulation of the site points may effectively determine distances

between all neighboring cell sites, where a length of a triangle leg between points

corresponds to a distance between the points.



[0106] The nearest neighbor site for each cell site may be determined at S604. Such a

determination may be made, for example, by comparing the lengths (distances) of all triangle

legs from a Delaunay triangulation with a vertex at a target cell site. For example, if cell site

502b of FIG. 7A is a target site, then comparing 710a to 710b returns a result that the nearest

neighbor is cell site 502a. For convenience, this disclosure may represent the distance to the

nearest neighbor of a target cell site as variable dminSite.

[0107] A typical cellular telecommunications network includes a large number of eNodeB

base stations as cell sites. An eNodeB base station is typically configured to provide three

co-sited cells for a given set of frequencies to establish 360 degrees of coverage around the

base station. Accordingly, an eNodeB typically has three antennas to serve the co-sited cells,

and each antenna has an azimuth that is separated from azimuths of the other two antennas.

[0108] Cell points 714 are established along azimuth lines of each cell site 502 at S606. If

cell points are chosen so that they are equidistant from the site location, then when Voronoi

polygons are subsequently provided for the cell points, the resultant polygon edges between

adjacent cells at the same site will bisect the azimuths of each cell. If the cell points are close

to the site point, then the resulting polygons from the Voronoi diagram of the cell points are

similar to segmented versions of the site polygons. If the cell points overlap the site point,

then the polygons of the cell points will be very similar to a polygon of the site point.

[0109] A suitable distance for locating cell points along azimuth lines at S606 may be

determined by finding the closest first tier site and taking a fraction of this distance. In

general, the fraction should be less than 0.5, which is half of the distance dminSite between

the site and its closest first tier neighbor site, in order to avoid locating the cell point in the

coverage area of an adjacent cell. Values from 0.05 to 0.3 have been found to work well in

practice. Each cell point is then set along the azimuth line of that cell, where the distance

from the site 502 is the chosen fraction of the distance between the site 502 and the site of its

closest neighbor (dminSite).

[0110] FIGS. 7B and 7C illustrate some of the elements of steps S604 and S606. For

example, FIG. 7B shows a polygon 504a for cell site 502a, and line 710a represents the

distance dminSite between cell site 502a and cell site 502b as shown in FIG. 7A. In addition,

FIG. 7B shows cell azimuth directions 712, which are represented by arrows oriented in the

respective pointing directions of three corresponding antennas of cell site 502a.



[0111] FIG. 7C shows a result of performing process S606 to the embodiment of FIG. 7B.

In particular, cell points 714a, 714b and 714c are established at distances along the azimuth

lines 716a, 716b and 716c, respectively. The distances used in FIG. 7C correspond to about

0.25, or 25%, of the original distance dminSite of minimum distance 502b.

[0112] In another embodiment, different cell points of a cell site may be located at different

distances from the cell site origin. For example, consider FIG. 7A, in which cell site 502b is

neighbored by site 502a in one direction and site 502c in another direction. Cell site 502c is

substantially farther from site 502b than site 502a. In order to account for this discrepancy,

an embodiment may use different dminSite values for each azimuth of a cell site 502.

[0113] For example, an embodiment may determine a nearest neighbor from neighboring

sites that are found within an arc segment centered around an azimuth line and projecting

outward from the origin cell site, and determine different dminSite values based on distances

to neighbors for each separate azimuth. Such an embodiment may be employed, for example,

when neighbor tiers are counted using ray trace techniques or other techniques that are more

sensitive to cell point shapes than relational techniques such as edge sharing techniques.

[0114] Shapes are created around cell points at S608. Creating shapes around cell points

may be performed by establishing Voronoi polygons using cell points as the seed values for

the polygons.

[0115] Figures 8A and 8B show a difference between a Voronoi diagram for cell sites and a

Voronoi diagram for cell points. In particular, FIG. 8A is a Voronoi diagram showing

Voronoi polygons around a plurality of cell sites. FIG. 8B is a cell point diagram that was

established by determining distances to nearest neighbors for each cell site, projecting

azimuth values onto the cell site locations of FIG. 8A, and locating cell points at a fraction of

0.25 of the minimum neighbor distance dminSite along the azimuth lines for each site. In

other words, FIG. 8A represents a result of an embodiment of a process 400, while FIG. 8B

represents a result of an embodiment of step S608 of process S600.

[0116] Depending on the technique employed for tier counting, certain embodiments may

not perform step S608. For example, triangulation techniques establish links between cell

points, so it may not be necessary to establish shapes for cell points when tiers are counted

using triangulation. In contrast, ray trace and shared edge techniques use polygons for cell

points to determine tier relationships.



[0117] Cell points may be connected to one another at S610. In an embodiment, each cell

point is connected to its nearest neighbors using Delaunay triangulation. Delaunay

triangulation is a useful technique for establishing connections between neighboring cells in

the same way that network engineers understand neighbor relationships. Delaunay

triangulation is useful to automate a process that returns meaningful and accurate results.

[0118] Tier relationships between cell points are determined at S612. Embodiments of

determining tier relationships are discussed in detail below.

[0119] Figure 9 illustrates an embodiment of a process 900 for determining tier

relationships between cells that is a different from process 600 of FIG. 6 . At S902, azimuth

values are determined for cell sites. As discussed above, a macrocell site typically serves

three cells, so when a site is a macrocell site, S902 may determine three azimuth directions.

In an embodiment, azimuth values for a cell site are determined by retrieving data from a

database of azimuth directions.

[0120] The azimuth directions are located on a site polygon at S904. Figure 10A shows

azimuths 1004, which are represented as rays emanating in different directions from the cell

site location 1002, projected onto a site polygon 1006. In an embodiment, azimuth lines 1004

are extended to the edges of polygons 1006. However, the angular component of the azimuth

is used at S906, so embodiments may project rays emanating in directions from cell sites

1002 instead of lines with two points. Although there are three arrows in azimuths 1004

which represent a typical macrocell site, other macrocell sites may serve different numbers of

cells, so the numbers of azimuth rays may be adapted to correspond to the number of cells

served by a site within a particular technology and frequency range.

[0121] As seen in FIG. 10B, angles between two adjacent azimuth rays 1004 are bisected

by lines 1008 at S906, which are shown as dashed lines in the figure. Bisecting the azimuths

1004 can be may be accomplished by determining an angle between two azimuth rays, and

establishing line 1008 at an angle that is about halfway between the two azimuth rays, with

endpoints of the line at the cell site 1002 and an edge of the site polygon 1006. The polygons

1010 that result from S906, which include lines defining the edges of site polygon 1006 and

the bisected azimuth lines 1008, are representative of cells that are served by cell site 1002.

The cell polygons around cell site 1002 are represented as polygons 1010a, 1010b, and 1010c

in FIG. 10B.



[0122] In an embodiment, a centroid 1012 is established for each respective cell polygon

1010 at S908. The centroid 1012 for a cell polygon 1010 may represent a cell point for the

polygon.

[0123] After centroids 1012 are established at S908, polygons may be established for the

cell points 1012 at S910 by creating a Voronoi diagram of the cell points. However, other

embodiments may not perform S910, and may count tiers based on cell polygons 1010 from

S906 or centroids 1012. Similarly, cell points may optionally be connected at S912 by

Delaunay triangulation depending on the manner in which tiers are counted. Tiers are then

counted at S914, for example by counting shared edges, ray tracing, etc.

[0124] In FIGS. 10A and 10B, each base station provides three cells, as indicated by the

three azimuth directions 1004. However, some cell sites do not have three antennas. For

example, sites for femtocells may have an omnidirectional antenna, while other cell sites may

provide other numbers of cells. Accordingly, processes and systems according to this

disclosure may determine a type of base station associated with cell types and apply rules to

process 600 or process 900 that are specific to the cell type.

[0125] Processes 600 or 900 may be applied to all cells in a network. This may lead to an

over-estimate of the number of tiers between cells in some cases. When smaller cells with

less than 360 degree coverage, or indoor cells are also deployed in a network, then different

processes may be applied when establishing shapes for such cell sites at S406. For example,

in some embodiments, different shapes or weighting may be used for certain types of cells.

[0126] For example, if there is a Pico cell between two Macro cells, then typical a Voronoi

diagram makes the Pico cell first tier neighbors of each Macro cell, but may make the macro

cells second tier neighbors of each other, when they should be first tier neighbors. Such an

embodiment is shown in Figures 11A and 1IB.

[0127] FIG. 11A shows an embodiment of a Voronoi diagram of shapes around cell points

1108. The shape 1106 in the middle represents a pico cell with low transmit power, and the

polygons 1102 and 1104 on the left and right represent macro cells. The resulting Voronoi

diagram is as shown in FIG. 11A .

[0128] The situation in FIG. 11A may lead to an over-estimate of the number of tiers

between two cells in some cases. FIG. 11A shows a result of applying Voronoi polygons to

macrocells 1102 and 1104 as well as picocell 1106. However, the relationships in FIG. 11A



may not accurately represent relationships between the cells from a user mobility perspective.

For example, while FIG. 11A requires transiting across cell 1106 to move from cell 1102 to

cell 1104, in an actual physical space, UE may handover from cell 1102 directly to cell 1104

without interacting with picocell 1106.

[0129] Fig. 1IB illustrates a picocell 1106 located between two macrocells 1102 and 1104.

As shown in FIG. 1IB, the polygon representing cell 1102 shares edges with the polygon

representing cell 1104. In an embodiment, sharing a shape edge indicates a first-tier neighbor

relationship. Accordingly, the embodiment of FIG. 1IB is a more accurate representation of

cell tier relationships than FIG. 11A . In another embodiment, when the cell site 1108 for

picocell 1106 is closer to a cell site of a macrocell, the circle representing picocell 1106 in

FIG. 1IB may be located entirely within an area of a macrocell shape, representing a

relationship in which the picocell is only a first tier neighbor to that macrocell.

[0130] FIG. 1IB shows an example of establishing a circular shape for a cell site at S406

when S404 determines that the cell type of cell site 1108 is a picocell. The shape used to

represent omnidirectional antennas may be a circle. Other embodiments may use various

shapes to more accurately represent coverage areas of different types of base stations and

deployment scenarios. Other shapes that may be used for these cells include a wedge shape,

a triangle, a circle, an oval, and combinations of these and other shapes.

[0131] Specific shapes may be applied to certain cell types and deployment scenarios

separately from creating polygons for other cells using a Voronoi diagram at S406. For

example, an embodiment of S406 may include first establishing Voronoi polygons for

macrocells, and second applying specific shapes, which may be weighted polygons.

[0132] In some embodiments, weighting may be applied based on a cell type or a

deployment scenario. Weighting may be applied to a general polygon from a Voronoi

diagram, or a specific shape for a cell type. Factors that may be used to apply weighting to a

shape include the type of cell, the transmit power, the antenna height, and location

characteristics, such as whether the cell site is indoors or outdoors.

[0133] Weighting may be applied in many different ways. In an embodiment, cell weights

may be scaled to a coverage area or transmit power of a cell type. For example, a macrocell

may be weighted more than a microcell, which may in turn be weighted more than a picocell.

Other characteristics that may be assigned different weights include power, antenna height,

and environment. For example, higher power cells may be weighted more than lower power



cells, higher antenna heights may be weighted more than lower antenna heights, and outdoor

deployments may be weighted more than indoor deployments. Persons of skill in the Art will

recognize that other cell characteristics can influence the size of representative shapes in

other embodiments.

[0134] In another embodiment, one or more cell shape may be established using a power

diagram. The size of shapes in the power diagram may be adapted according to weighting

based on cell characteristics as described above. The weighting may be applied through a

multiplicatively weighted diagram, and additively weighted diagrams may be suitable as

well.

[0135] Other cell characteristics that may be evaluated to determine a shape and/or a size of

a shape include the Radio Access Technology (RAT) and frequency layers of a cell. In

general, the neighbor tiers will be determined for cells of a particular RAT (e.g., GSM,

UMTS, LTE) that operate on the same frequency. However, depending on the application,

neighbor tier counting can also be implemented for cells of different types. For example, first

tier inter-RAT neighbors may be determined using the approaches in this disclosure by

calculating the Delaunay triangulation and/or Voronoi polygons for cells of another

technology.

[0136] Figure 12 illustrates a process 1200 for determining a tier relationship between two

cells. FIG. 12 is an example of counting tiers, and corresponds to S914, S612 and S306.

[0137] Shapes are established at S1202. In one embodiment, shapes are established in

accordance with S608 as Voronoi polygons around cell points. In another embodiment,

shapes are established by bisecting azimuth lines of cell sites in accordance with S910.

Accordingly, process 1200 may be performed using shapes that were established from

various embodiments.

[0138] Cells for which tier relationships are determined are selected at SI204. Tier

relationships may be determined for all cells in a network, for cells in a particular area, or for

two or more specific cells. Thus, two or more cells may be selected at S1204.

[0139] In an embodiment, when a new cell is installed, tier relationships for the new cell

and its neighbors may be determined. In addition, a new cell may affect tier relationships for

pre-existing cells in an area around the new cell. Therefore, tier relationships for all cells in

an area around a new cell may be selected at S1204.



[0140] One way of counting the tiers between neighbor cells is to find the minimum

number of cells that have to be traversed to get from the coverage area of a first cell to the

coverage area of a second cell. This may be accomplished, for example, by counting

transitions between cells at SI206. An embodiment of counting transitions between cells is

shown in FIG. 13A .

[0141] FIG. 13A shows a plurality of cell shapes 1302 that are established around cell

points 1304. In FIG. 13A, neighbor tier relationships are determined between a first cell

corresponding to cell shape 1302a and a second cell corresponding to cell shape 1302c.

There are two cell shape boundaries 1306 between first cell shape 1302a and second cell

shape 1302c. Each of the cell shape edges 1306 corresponds to a transition between adjacent

cells. Therefore, performing S1206 on cells 1302a and 1302b results in a single transition, or

cell shape edge 1306a, between the cells, so cell 1302a is a first tier neighbor of cell S1302b.

[0142] Similarly, two cell shape edges 1306a and 1306b lie between cell shapes 1302a and

1302c. Accordingly, the cell that corresponds to cell shape 1302a is a second tier neighbor of

the cell that corresponds to cell shape 1302c. In an embodiment, an efficient algorithm such

as Dijkstra's algorithm may be employed to determine a minimum number of edges between

selected cells at S1206.

[0143] After tier relationships are determined by counting transitions at S1206, the tier

relationships are stored in a database at S1208. The tier relationships may be transmitted to

and stored by network equipment, where it may subsequently be used to perform a variety of

network activities. While tier relationships may be stored by a SON server at S1208, tier

relationships may also be stored by other network equipment such as an RRM, a base station,

and UE.

[0144] FIG. 13B shows another embodiment of process 1200 that includes two variations

from three sectored macrocells. In particular, the base station that serves cell 2 uses an

omnidirectional antenna, so cell 2 is represented as a single polygon around cell site 1304.

Cell 1 is associated with a three sector macrocell site 1304c, but cells 3 and 4 are associated

with a cell site 1304a that has six antennas that provide service for six respective cells.

Therefore, six cell polygons are established around cell site 1304a.

[0145] Applying process 1200 to FIG. 13B, cells 1 and 4 are selected at S1204. S1206

counts three transitions 1306a, 1306b and 1306c between cells 1 and 4 . The transitions are

defined by cell shape boundaries. The tier relationship between cells 1 and 4 corresponds to



the number of transitions, or boundaries, between the cells, so cell 1 is established as a third

tier neighbor of cell 4 .

[0146] FIG. 14 shows a process 1400, which is another embodiment of determining a tier

relationship between cells. Establishing cell shapes S1402 and selecting cells S1404 may be

performed in the same fashion as S1202 and S1204 above, so a detailed description of these

elements will be omitted for the sake of brevity.

[0147] The selected cells are connected at SI406. For example, FIG. 15 shows an example

of a Voronoi diagram of a plurality of cell shapes 1502, in which cell shape 1502a and cell

shape 1502c correspond to the selected cells. The selected cells are connected by a line 1508,

which FIG. 15 shows as being projected onto a Voronoi diagram of cells in a network.

[0148] Although FIG. 15 shows the end points of line 1508 being cell points 1502, the end

points of the line may be different in other embodiments. For example, in an embodiment in

which cell site shapes are divided by lines bisecting azimuth directions, such as the

embodiment shown in FIG. 10B, end points of a connecting line may be established at cell

sites 1002. In another variation, centroids 1012 of cell shapes 1010 may be used as

endpoints.

[0149] Intersections are counted at S1408. In particular, intersections between connection

line 1508 and underlying cell shapes are counted. In FIG. 15, line 1508 intersects cell shapes

1502a, 1502b and 1502c, or three cell shapes. The tier relationship between selected cells is

N-l, where N represents the number of cell shapes intersected by the line 1508 between cell

points. Therefore, the cells corresponding to cell shapes 1502a and 1502c are determined to

be second tier neighbors of one another. Tier data is then stored at S1410.

[0150] FIG. 16 shows a process 1600, which is another embodiment of determining a tier

relationship between cells. Cell points are determined at SI602 as discussed above, and the

cell points are connected at S1604.

[0151] FIG. 17 shows an embodiment in which cell points 1704 are connected to one

another by lines 1710. In an embodiment, cell points may be connected to each other by

performing Delaunay triangulation on an array of cell points. Delaunay triangulation is a

useful technique for connecting cell points by establishing short paths between the cell points.

[0152] Cells for which a tier relationship is being determined are selected at SI606. In the

embodiment of FIG. 17, cells 1702a and 1702c are selected. A number of connections



between these cells is then determined at SI 608. In particular, a least number of connections

between cells may be determined.

[0153] For example, FIG. 17 shows that cell point 1704a can be connected to cell point

1704c through two connections 1710a and 1710b. Counting the number of connections at

SI 608 determines that two connections are present between the cell points. The least number

of connections between cell points corresponds to a tier relationship between the cells, so

process 1600 would determine that the cell associated with cell point 1704a is a second tier

neighbor of the cell associated with cell point 1704c. This relationship may be stored at one

or more device at S1610.

[0154] Depending on the activities that tier relationship data supports, it may be sufficient

in some embodiments to know the exact number of tiers between cells when the cells are less

than or equal to N tiers apart from each other, where N is an integer. If the cells are more

than N tiers apart, then it may be sufficient to know they are more than N tiers apart, without

knowing exactly how many tiers apart the cells are. In this case, it may be more efficient to

pre-compute all the neighbors within the N tiers for each cell.

[0155] An example of a process 1800 for identifying neighbor relationships less than a

certain value for a source cell is shown in FIG. 18. In process 1800, the cutoff value for tier

relationships is 10.

[0156] Integer N is set to 0 at S1802. A first empty set that will be used to hold the first N

tier neighbors is created at S1804. The source cell is added to the first set with a tier count

attribute of 0 at SI 806.

[0157] For cells already in the first set that have a tier count attribute equal to N, their first

tier neighbors are placed into a second set at 1808. A second set is created for first tier

neighbors of cells already in the first set that have a tier count attribute equal to N at SI 808.

So first tier neighbors of the source cell will be placed in the second set when N=0. Cells in

the second set that are not already in the first set are added to the first set at S1810 with a tier

count attribute of N+l, and N is incremented by + 1 at S1812. S1808 to S1812 are repeated

until a specified tier value is reached, which is 10 at SI 814 in FIG. 18. Accordingly, process

1800 counts a number of first tier relationships for a first cell, and when compared to a

second cell, effectively counts a number of first tier relationships between the first cell and

the second cell.



[0158] Thus, performing process 1800 will identify all cells that have a neighbor tier

relationship of less than or equal to a certain value for a source cell. Process 1800 is provided

for illustrative purposes, and other specific embodiments are possible.

[0159] FIG. 19 shows another embodiment of a process 1900 for determining a tier

relationship between cells. The shapes in process 1900 are circles, or rings. Accordingly,

process 1900 may be referred to as a ring process.

[0160] A source location is selected at SI 902. In an embodiment, the source location may

be selected by selecting a cell point such as a cell point 714a of FIG. 7C, or by selecting a cell

site such as cell site 502a of FIG. 7C. A cell site may be selected when the cell site is

associated with an omnidirectional antenna, or for specific applications such as ANR

optimizations.

[0161] The distance to a nearest neighbor location is determined at S1904. In an

embodiment, the nearest neighbor is a cell that is the closest distance to the source cell that

uses the same UTRA Absolute Radio Frequency Channel Number (UARFCN) layer as the

source. When the source location is a cell point, the distance may be the distance to the

closest cell point that is associated with a different cell site.

[0162] However, in other embodiments, cell site locations may be used as source locations.

Such an embodiment is shown in FIG. 20, which shows a distance 2006 between source cell

site 2002 and nearest neighboring cell site 2004. In an embodiment, a cell site may be used

as a proxy for one or more cells that are associated with such a cell site. When the source

location is a cell site, the distance may be the distance to the closest cell site that uses a same

UARFCN as the source cell site.

[0163] The distance 2006 may be converted to a radius value of a ring 2008 by dividing the

distance by two. The ring 2008 may be established at S1908 by creating a circle centered at

source location 2002 with a radius from SI 906. SI902 to SI908 may be repeated as many

times as desired for locations in a wireless communications network.

[0164] A relationship between a source location 2002 and another location is determined at

SI 910. The relationship may be determined, for example, by establishing a line between a

source location 2002 and a target location, and counting a number of rings 2008 that the line

traverses other than the ring of the source location. In such an embodiment, a number of tiers



between the source and target locations may be the number of rings other than the source

ring.

[0165] Process 1900 is a useful alternative to using raw distance values to classify

relationships between cell sites and/or individual cells. Raw distance does not account for

variations in density, while process 1900 can establish relationships that do account for

density. As such, process 1900 and other processes of this disclosure are more robust and

useful than raw distance to a variety of cellular network technologies. In a specific

embodiment, process 1900 may be used to determine unnecessary or problematic neighbor

relations between cells by removing neighbor relations for which the number of tiers from

SI9 10 is greater than a threshold value.

TRIANGLE EDGE REMOVAL

[0166] The accuracy of neighbor tier determination from triangulation can be improved by

removing certain triangle edges from an initial set of triangles. Initial Delaunay triangulation

may not identify optimal tier relationships for cells at the outer edges of a network and

isolated cells in the middle of a large network. In these cases, Delaunay triangulation may

identify cells as being first tier neighbors that would not otherwise be considered to be first

tier neighbors by network engineers.

[0167] While such cells may geometrically meet the criteria to form a Delaunay triangle,

they may be too distant from each other to be considered first tier neighbors. In other cases,

such cells may be at the edge of a network, where cells are actually multiple tiers away from

each other, but the triangulation identifies an erroneous first tier relationship.

[0168] The following disclosure describes a system and method that can be used to

examine triangles formed for a given cellular network and to determine whether any of these

triangles contain any edges or in other words incorrect first-tier neighbor assignments. There

are at least two ways to remedy this problem, either through the complete removal of the

triangle meeting any of the criteria explained below or through removal of only the one or

more edges of a given triangle that represent those incorrect first tier neighbor assignments.

Empirical testing has established that removing particular edges established by Delaunay

triangulation results in highly accurate and efficient determination of neighbor tier

relationships.



[0169] Figure 2 1 illustrates a method 2 100 for determining neighbor relationships

according to an embodiment of the present disclosure. At S21 02, cell points of a plurality of

cell points are connected using Delaunay triangulation. The cell points may be cell points

1504 or cell points 1704 as explained with respect to FIG. 15 and 17 above. The cell points

may be established using methods explained in this disclosure, or any other methods

determine points that represent a geographical location of a cell in a wireless network. Figure

22 illustrates cell points in a wireless telecommunications network that are connected to one

another by Delaunay triangulation.

[0170] Applying triangulation at S2102 leads to a set of triangles, where each edge

represents a connection between two first-tier neighboring cells. Depending on the location

of a given cell, each edge may belong to either only one triangle or may be shared by two

triangles. The following elements S21 04 to S21 10 of process S2100 provide criteria that may

be used to identify unwanted or incorrect edges of these triangles.

[0171] A distance-based criterion is applied to the Delaunay triangles at S2104 in order to

identify edges of the Delaunay triangles that represent incorrect neighbor tier relationships.

In particular, the edges that represent incorrect neighbor tier relationships are edges between

a first cell and a second cell where a handover operation from the first cell to the second cell

is not expected to occur.

[0172] For a given set of points, Delaunay triangulation maximizes the minimum angle of

all the angles of the triangles in the triangulation and in general avoids the formation of so-

called "skinny" triangles. However, when applied to certain network areas such as the outer

edges of a cellular network, Delaunay triangulation can result in "skinny" triangles.

Delaunay triangulation may link two cells on the edges of a network that, despite having a

direct line of sight on each other, have multiple cells between them, and would normally not

be considered to be first-tier neighbors.

[0173] A first angle-based criterion is applied to the Delaunay triangles at S21 06. In an

embodiment, the first angle-based criteria is a middle angle criterion in which the largest

edge of triangles whose middle angle is less than a threshold value is identified as a candidate

for removal.

[0174] A second angle-based criterion is applied to the Delaunay triangles at S2108. In an

embodiment, the second angle-based criterion is a minimum angle criterion in which the



largest edge of triangles whose minimum angle is less than a threshold value is identified as a

candidate for removal.

[0175] A third angle-based criterion is applied to the Delaunay triangles at S21 10. In an

embodiment, the third angle-based criterion is a ratio-based criterion in which a ratio of the

smallest angle of a triangle to the largest edge of the triangle is used as a criterion for

identifying candidate edges for removal.

[0176] The edges that are candidates for removal may be stored in a memory. The memory

may be a memory such as memory 202 or storage device 212 of network resource controller

200. The candidates may be stored in a memory in order to perform further operations before

removing the edges, such as determining whether an edge that is marked for removal is

shared with another triangle. Such an operation is explained in further detail in process

3200.

[0177] Figure 23 illustrates the network diagram of FIG. 22 in which triangle edges

identified at S2104, S2106, S2108 and S21 10 are represented as gray or lower weight lines.

[0178] Edges are removed from the Delaunay triangles at S21 12. The edges that are

removed may be the edges that are identified by applying distance or angle criteria at one or

more of S2104, S2106, S2108 and S2110.

[0179] Figure 24 illustrates the network diagram of FIG. 23 from which the identified

edges have been removed. The remaining lines in FIG. 24 represent first-tier relationships

between cells that correspond to the cell points.

[0180] Such relationships may be used by a cellular network to add or remove neighbors

from neighbor lists. For example, when a neighbor list for a given cell includes a neighbor

cell that is connected to the given cell through a neighbor relationship that is determined to be

incorrect by process 2100, the neighbor cell may be removed from the neighbor list of the

given cell and possibly blacklisted. In another embodiment, cells that are connected to one

another by lines of FIG. 24 may be added to each other's neighbor lists. Persons of skill in

the art will recognize that other uses may be made of the neighbor relationships determined

by process 2100 and shown in FIG. 24.

[0181] Figure 25 shows a process 2500 for applying a distance-based criterion to determine

edges that are candidates for removal. Process 2500 corresponds to element S2104 of

process 2100 described above. A distance-based criterion may applied because when two



cells are separated by a great distance, they are not effectively first-tier neighbors of one

another. In particular, when the distance between two cells is too great, a handover operation

may not be expected to occur between the two cells.

[0182] Distances for the edges of triangles in a triangulated network diagram are

determined at S2502. The distances may be linear distances representing the separation in

space between cell points, such a number of kilometers between the cell points. In some

embodiments, depending on the nature of the network diagram, the distance may be a number

of pixels in an edge or some other scaled distance value.

[0183] The distance values are compared to a threshold value at S2504. The threshold

value may be, for example, 5 kilometers, 15 kilometers, 20 kilometers, or 25 kilometers.

Values outside of this range may identify too many or too few edges for removal, limiting the

effectiveness of the process.

[0184] In an embodiment, the distance value may be different between particular

geographical areas. For example, the distance at which a handover may occur is less for a

highly dense urban area such as Manhattan than the distance at which a handover may occur

in a low density rural area. Accordingly, the threshold distance value may be different for

different geographical areas in a network.

[0185] Edges that are greater than the threshold value are marked as removal candidates at

S2506. Figure 26 illustrates a zoomed-in perspective of a portion of the network diagram

shown in FIG. 23. In FIG. 26, edges 2602 that connect cell point 648 exceed the threshold

distance value and are marked for removal as shown by the gray lines connecting cell point

648 to cell points on the edge of a higher density portion of the network. Other edges 2602

that fail the distance criterion are similarly indicated in gray on FIG. 26.

[0186] In an embodiment, marking an edge as a removal candidate may include recording

an identifier of the associated triangle in a database of "damaged" triangles. This database

may be used in subsequent processes to determine whether to remove edges that are shared

between two triangles. Recording "damaged" triangles in a database may be performed for

all triangles for which an edge is marked for removal, regardless of whether the edge was

identified for removal through a distance-based process or an angle-based process.



[0187] Figure 27 shows a process 2700 for applying an angle-based criterion to determine

edges that are candidates for removal. Process 2700 corresponds to S2106 of process 2100

described above.

[0188] Values for angles of the triangles are determined at S2702. The values for each

triangle are compared to one another at S2704 to determine which angle is the middle angle.

For example, with respect to the triangle 2800 of Figure 28, values of angles 2802, 2804 and

2806 are compared to each other to determine that angle 2806 has the middle angle value.

[0189] The value of middle angle 2806 is compared to a threshold value, and if the middle

angle is less than the threshold value, the longest edge 2812 of the triangle 2800 is marked as

a removal candidate. The threshold value may be, for example, 10 degrees, 12 degrees or 15

degrees. Values outside of this range may identify too many or too few edges for removal,

limiting the effectiveness of the process.

[0190] Figure 29 shows a telecommunications network in which cell points have been

connected to one another by Delaunay triangulation. FIG. 29 magnifies an area of FIG. 26.

Process 2700 has been applied to the triangles of FIG. 29, and triangle edges 2902 were

marked for removal at 2708.

[0191] Figure 30 shows a process 3000 for applying a minimum angle-based criterion to

determine edges that are candidates for removal. Process 3000 corresponds to element S2108

of process 2100 described above.

[0192] Values for angles of the triangles are determined at S3002. The angles for each

triangle are compared to one another, and the minimum angle 2802 is determined at S3004.

A value of the minimum angle is compared to a threshold value at S3006, and if the angle is

less than the threshold value, then the longest edge 2812 of the triangle is marked for removal

at S3008. Examples of threshold values that may be used at S3006 include two degrees, three

degrees, and four degrees. Values outside of this range may identify too many or too few

edges for removal, limiting the effectiveness of the process.

[0193] Process 3000 has been applied to the triangles of FIG. 29. In that figure, edges 2904

were identified at S3006, and marked for removal at S3008.

[0194] Figure 3 1 shows a process 3100 for applying a ratio-based criterion to determine

edges that are candidates for removal. Process 3100 corresponds to element S21 10 of

process 2100 described above. This criterion attempts to locate skinny triangles with



emphasis on those with longer edges. Those are usually the ones more likely to be incorrect,

involving cells that are too far from each other to be neighbors.

[0195] Values for angles of the triangles are determined at S3102. The angles for each

triangle are compared to one another, and the minimum angle 2802 is determined at S3 104.

The distance of the longest edge 2812 of each triangle is determined at S3106, and a ratio of

the minimum angle 2802 to the length of the longest edge 2812 is determined at S3108.

[0196] The ratio of the smallest angle 2802 to the length of the longest edge 2812 is

compared to a threshold value at S3 110. When the length of the longest edge 2802 is

expressed in kilometers and the smallest angle is expressed in degrees, a suitable threshold

value may be 1.2, 1.5, or 2.0. Values outside of this range may identify too many or too few

edges for removal, limiting the effectiveness of the process. The longest edge of a triangle

whose ratio is less than the threshold value is marked as a candidate for removal at S3 112.

[0197] While angle-based processes 2700, 3000 and 3100 have been described as marking

a longest edge of a triangle for deletion, in some embodiments, the two longest edges may

both be marked as removal candidates. In an embodiment, an additional threshold may apply

to this situation. For example, a length of a shortest edge 2814 may be compared to a

threshold value, a ratio between the two longest edges may be compared to a threshold value,

a ratio of a longest edge to a shortest edge can be compared to a threshold value, etc. Other

embodiments are possible within the scope of the present disclosure.

[0198] Figure 32 shows a process 3200 for removing edges from triangles with edges

marked for removal. In an embodiment, process 3200 may be applied at S21 12.

[0199] At S3202, an edge of a triangle that is marked for removal is identified. The edge

may be any edge that is marked for removal as a result of a distance or angle-based edge

removal process, such as processes 2500, 2700, 3000 and 3100.

[0200] In some situations, an edge is shared between two triangles. For example, as seen in

Figure 33, while both of triangles A and B are independently established between a plurality

of cell points 3302, triangles A and B share edge 3312 as indicated by the thicker line.

Accordingly, determining whether a marked edge is shared with another edge at S3204 would

result in a "yes," proceeding to S3208. When an edge that is marked for removal is not

shared with another triangle, that edge is removed at S3206.



[0201] S3208 determines whether the shared edge is shared with a "damaged" triangle,

which is a triangle that has at least one edge marked for removal. In an embodiment, when

the shared edge is shared with a damaged triangle, the shared edge is removed at S3212. In

another embodiment, the shared edge is only removed at S3212 when the specific edge is

marked as a candidate for removal in both triangles. When the edge is removed, it is

removed completely from the network. In other words, the shared edge is removed from both

of the triangles that share the edge.

[0202] In still another embodiment, a triangle is only considered to be a "damaged" triangle

when an edge has already been removed from the triangle. An edge may have already been

removed from a triangle, for example, if a marked edge was determined not to be shared with

another triangle at S3204, or if it failed the distance criterion of process 2500. In such an

embodiment, shared edges are removed at S3212.

[0203] Edge 3314 of triangle B of FIG. 33 is represented by a dashed line, which indicates

that the edge is marked as a candidate for removal. Therefore, in an embodiment, shared

edge 3312 would be removed from both of triangles A and B at S3212. In another

embodiment, because edge 3314 is not shared between triangles A and B, it would be

retained at S3210.

[0204] Elements of process 3200 can be seen in FIG. 29 and FIG. 26. FIG. 29

shows a zoomed-in segment of the network of FIG. 26 along a geographical boundary. For

the cell site marked as cell 746, there are a number of incorrect first-tier neighbor

assignments due to skinny triangles resulting from Delaunay triangulation. In this example,

the edge connecting cell 746 with 684 is also part of the triangle connecting these two cells

with cell 648, as shown in FIG. 26.

[0205] As a result of the removal of edges in the triangle <648,746,684> of FIG. 26, the

remaining edge <746,684> are a "damaged" triangle. Therefore, when the angle criteria are

applied and the same edge is marked for removal from triangle <746,684,702>, it will also be

removed from the "damaged" triangle and therefore the connection (or in other words, the

neighbor assignment) between cells 746 and 684 will be completely removed.

BEST NEIGHBOR CELL SELECTION

[0206] Figure 34 illustrates a method for compensating for a cell that is experiencing

outage, or more generally an inactive cell. The cell may be inactive due to unplanned



conditions such as a hardware or software error, or planned conditions such as maintenance

or a reduction in network density. Thus, identifying a cell for compensation at S3402 may

include identifying a cell that is inactive due an unintended outage, or prospectively

identifying a cell that is planned to be inactivated.

[0207] Cell shapes are created for the inactive cell and a plurality of neighboring cells at

S3404. The cell shapes may be Voronoi diagrams representing cell coverage areas as

discussed with respect to FIG. 9 . Figure 35 illustrates a network diagram 3500 of a plurality

of cell shapes including a cell shape for an inactive cell 3502.

[0208] Candidate replacement cells for compensating for inactive cell 3502 are determined

at S3406. A candidate replacement cell can potentially be used as a replacement cell to

provide service to users that are in the coverage area of the inactive cell 3502. The candidate

replacement cells may be first tier neighbors 3504 of inactive cell 3502 as determined by

methods of the present disclosure. For example, candidate replacement cells 3504 may be

determined at S3406 by identifying cell shapes that share a boundary with the cell shape of

the inactive cell 3502, or by applying a Delaunay triangulation.

[0209] In FIG. 35, the candidate replacement cells are cells 3504, 3506, 3508, 3510, 3512

and 3514. In an embodiment, co-sited neighbor cells are excluded as candidate replacement

cells.

[0210] A compensation metric is calculated at S3408. The compensation metric indicates

the suitability of a candidate replacement cell 3504 for compensating for the coverage area of

the inactive cell 3502.

[0211] The compensation metrics are compared to one another at S3410. Comparing

compensation metrics may include determining which replacement cell has a highest

compensation metric value. In some embodiments, comparing compensation metrics at

S3410 may include determining whether a plurality of high metric values is within a

predetermined range.

[0212] One or more replacement cell is selected at S3412. When a first candidate

replacement cell has a compensation metric that is substantially greater than the

compensation metrics of the other candidate replacement cells, the first candidate cell may be

selected as the replacement cell.



[0213] Figure 36 shows an example of such a scenario. Figure 36 is a table of

compensation metrics for the various candidate replacement cells of FIG. 35. As seen in FIG.

36, the metric for replacement candidate 3514, which is -5.5032 dB, is substantially higher

than the next highest metric, which is -9.7736. Accordingly, in the scenario of FIG. 35 and

FIG. 36, replacement candidate 3514 is selected to compensate for the coverage area of

inactive cell 3502 at S3412.

[0214] Alternatively, when a plurality of candidate replacement cells have high

compensation metrics that are within a predetermined range of one another, one or more of

the plurality of candidate replacement cells 3504 may be selected as replacement cells to

compensate for the coverage area of inactive cell 3502. Specifically, antennas for one or

more cell of a set of potential replacement cells may have their respective tilt angles or

transmit power values adjusted to compensate for the lost coverage area of an inactive cell.

[0215] Such a scenario is shown in Figures 37 and 38. FIG. 37 illustrates a network

diagram 3700 with an inactive cell 3702 that neighbors candidate replacement cells 3704,

3706, 3708, 3710, 3712 and 3714. FIG. 38 shows respective compensation metrics for the

candidate replacement cells. In addition, FIG. 38 shows a percentage difference between

each compensation metric and the highest compensation metric, which is for cell 3704.

[0216] Selecting one or more replacement cell at S3412 may include determining which

cells are within a predetermined range from the highest metric value of the candidate cells.

Values for the predetermined range may be, for example, 5%, 10%, or 15%. Using the cell

data of FIG. 38, if the predetermined range is 5%, then cells 3704, 3708 and 3712 are all

selected as replacement cells. If the predetermined range is 10%, then cell 3706 is included

in the plurality of replacement cells, and if the predetermined range is 15%, cell 3710 is

included as well.

[0217] Parameters of the one or more replacement cells are adjusted at S3414. Adjusting

the parameters of a given replacement cell may include adjusting a tilt angle of an antenna

serving the replacement cell. For example, the antenna of a replacement cell may be

remotely instructed to tilt one degree upwards, thereby changing the coverage area of the

replacement cell to increase overlap with coverage area of the inactive cell.

[0218] In addition to or as an alternative to adjusting the tilt of a replacement cell, a

transmit power may be adjusted at S3414. For example, the transmit power of a replacement

cell may be increased to increase overlap with coverage area of the inactive cell. In one



specific embodiment, transmit power is adjusted when remote tilt is not available at a

particular base station. However, in various embodiments, power and tilt may be adjusted

independently or in conjunction with one another.

[0219] Figure 39 illustrates a process 3900 of determining a compensation metric for

evaluating the suitability of candidate replacement cells to replace, or compensate for, the

coverage of an inactive cell. Process 3900 may use information about the antenna pattern and

azimuth of each candidate cell as well as the inactive cell and combines the information with

estimated path-loss information to generate a metric to represent the effective coverage

provided by a candidate neighbor cell in the coverage area of the inactive cell.

[0220] Accordingly, antenna pattern data for each candidate replacement cell as well as the

inactive cell may be determined at S3902. Figure 40 shows a typical horizontal antenna

pattern for 3-sector cell site, in this case with a horizontal beamwidth of 70 degrees and a

backlobe gain of -25 dB. This information may be used to determine the antenna gain at a

given angle from the azimuth of a candidate neighbor cell antenna.

[0221] In an embodiment, the points used for the metric are the comer points of a cell

shape that represents the coverage area of a given cell, as shown in Figure 4 1. The cell shape

may be a Voronoi polygon, or another shape that provides a reasonable representation of the

relationship of coverage areas between neighboring cells. The polygons of FIG. 4 1 are

Voronoi polygons of cell shapes, and each polygon has a plurality of vertices or corners.

[0222] For cell sites with more than two sectors, one of the comer points in the Voronoi

polygon is the actual location of the cell antenna, where the received signal level from its

own antenna (under normal operation) is substantially larger than the other comer points of

the Voronoi polygon as well as any typical point in the coverage area of the cell. Using this

point in the metric would skew the result in favor of that one point in the cell. Accordingly,

the polygon comer closest to the cell site may be excluded when determining a metric

according to process 3900.

[0223] FIG. 4 1 shows a polygon for inactive cell 3502 with eight points marked as letters

A, B, C, D, E, F, G and H . Each vertex of the polygon is marked with a point except for the

vertex that is closest to the cell site or base station location 4104.

[0224] Two points are shown in conjunction with the letter E . One point is the centroid

4 106 of the cell shape, which is represented by a rhombus. However, the center of the cell



polygon is not always in the direction of the azimuth angle of its transmit antenna and

therefore not necessarily in the direction of the highest transmit antenna gain. Thus, in an

embodiment, a centroid may be projected onto an azimuth line of inactive cell 3502 as a

center azimuth point 4108. The center azimuth point 4 108 may be used in addition to or

instead of centroid 4106. In another embodiment, neither of points 4 106 or 4 108 are used,

and the metric is calculated using corner points, or other points around the perimeter of a cell

shape.

[0225] Various data for the candidate cells may be determined and used to calculate a

compensation metric. Angles between candidate replacement cell sites and points in the

inactive cell coverage shape may be determined at S3906. In particular, S3906 may

determine angles between an antenna azimuth for the candidate replacement cell and lines

between the candidate replacement cell site and each coverage shape point of the inactive

cell. A path loss factor for each candidate replacement cell site may be determined at S3908,

and a distance from each candidate replacement cell site to each coverage shape point of the

inactive cell may be determined at S3910.

[0226] Picking multiple points provides a better estimate of the coverage provided by a

replacement cell in the coverage area of the inactive cell than an estimate based on one point

in the coverage area. Accordingly, factors for points in the coverage area of the inactive cell

3502 may be averaged when the metric is calculated.

[0227] The metric may be weighted at S3914 by applying a weighting factor for the

inactive cell. The weights used to combine the signal levels at the multiple points to calculate

the metric may be the estimated signal levels from the inactive cell (when it is fully

operational) at those points. Such a weighting mechanism gives more emphasis to points that

already have stronger received signal level during normal operation over the ones that receive

a weaker signal during the normal operation of the cell. Weighting may be performed in an

attempt to provide a similar coverage pattern in the inactive cell's coverage area before and

after outage.

[0228] Performing S3902 to S3914 of process 3900 of calculating coverage metric Sn for

each candidate cell may be practiced according to the following Equation 1:

[Equation 1]



In Equation 1, A is the linear antenna gain for the candidate cell n at the angle < m , which

is the angle between the azimuth angle of antenna of cell n and the vector connecting cell n

and point m in the polygon for the inactive cell. L m is the distance between cell site n and

the point m and σ is the path loss factor. M is the number of comer points of the cell shape

polygon and c is the index referring to the inactive cell.

[0229] This coverage metric Sn is a weighted average of estimated signal levels received

from the candidate cell at multiple points within the coverage area of the cell in outage. The

terms using c are the weighting factor, which may be omitted or modified in some

embodiments.

[0230] The neighbor cell best serving the inactive cell may be selected using the following

Equation 2 :

[Equation 2]

n = arg max SnneN

In Equation 2, N is the number of candidate neighbor cells of the outage cell.

[0231] Since the path-loss can vary considerably in the linear scale as the distance varies,

the metric Sn as expressed in Equation 1 will have large variations over multiple orders of

magnitude, making it difficult and impractical to use. Therefore, it is more convenient to

define the metric in the logarithmic scale (dB) at S3916 as expressed in the following

Equation 3 :

[Equation 3]

S = - 0 log 0 m + A B ) - 1 0 < log 0 ,m )

[0232] The best serving neighbor cell may then be selected using the following Equation 4 :

[Equation 4]



= ar max d B
n

[0233] Embodiments of this disclosure may be used to determine which cells should be

added to and removed from cellular neighbor lists; to determine what priority should be

assigned to cells on neighbor lists; to disambiguate reuse codes that are detected by mobile

devices in cellular networks; to set handover parameters and threshold values which are used

for operations such as handovers and load balancing operations; and to classify cell types in

networks into core cells and edge cells, where core cells have a coverage area surrounded by

many other cells' coverage areas and edge cells have coverage areas that extend well beyond

the areas served by the core cells.

[0234] For example, a system for initializing neighbor lists for new cells in cellular

networks may use the first and second tier neighbors of a first cell identified by embodiments

of this disclosure as the cells to be placed on the initial neighbor list of the first cell.

Elements of this disclosure may affect a handover operation.

[0235] In addition, embodiments of this disclosure may be used to automatically

compensate for the coverage area of an inactive cell. An inactive cell may be rendered

inactive by an inadvertent condition such as a hardware or software failure, or a deliberate

condition such as maintenance. This disclosure describes various embodiments of a

compensation metric that can be used to identify one or more replacement cells to replace the

inactive cell.



WHAT IS CLAIMED IS:

1. A method for compensating for cell coverage in a wireless

telecommunications network, the method comprising:

identifying an inactive cell;

determining candidate cells from a plurality of neighboring cells that neighbor

a coverage area of the inactive cell;

calculating a compensation metric for each of the candidate cells, each

compensation metric being based on a received power level of a respective candidate cell at

one or more point;

comparing respective compensation metrics for each cell of the candidate cells

to compensation metrics of the remaining candidate cells;

selecting one or more replacement cell from the candidate cells based on a

result of the comparison; and

adjusting parameters of the one or more replacement cell to compensate for

the inactive cell.

2 . The method of claim 1, wherein calculating the compensation metric

includes determining the one or more point in a shape representing the coverage area of the

inactive cell.

3 . The method of claim 2, wherein the shape is a polygon, and the one or more

point in the coverage area of the inactive cell includes vertices of the polygon.

4 . The method of claim 2, wherein the one or more point in the coverage area

of the inactive cell includes a centroid of the shape.

5 . The method of claim 2, wherein calculating the compensation metric

includes determining antenna pattern data for the candidate cells, and using the antenna

pattern data to determine respective received power levels of each respective candidate cell at

the one or more point in the shape.

6 . The method of claim 5, wherein calculating the compensation metric

includes determining a path loss of each candidate cell at the one or more point, and using the

path loss to determine the received power levels of each respective candidate cell at the one

or more point in the shape.



7 . The method of claim 1, wherein calculating the compensation metric

includes weighting the metric according to data for the inactive cell at the one or more point.

8 . The method of claim 1, wherein the compensation metric is expressed in a

logarithmic scale.

9 . The method of claim 1, wherein comparing respective compensation

metrics includes determining a highest compensation metric for the candidate cells, and

selecting a cell associated with the highest compensation metric as a replacement cell of the

one or more replacement cell.

10 . The method of claim 9, further comprising:

determining whether compensation metrics of remaining candidate cells are

within a predetermined range of the highest compensation metric; and

when one or more compensation metric of the remaining candidate cells are

within the predetermined range, selecting each associated candidate cell as a replacement cell

of the one or more replacement cell.

11. A network resource controller in a wireless telecommunications network,

the controller comprising:

a memory;

a processor; and

a non-transitory computer readable medium with executable instructions

stored thereon which, when executed by the processor, perform the following method:

identifying an inactive cell;

determining candidate cells from a plurality of neighboring cells that neighbor

a coverage area of the inactive cell;

calculating a compensation metric for each cell of the candidate cells, each

compensation metric being based on a received power level of a respective candidate cell at

one or more point;

comparing respective compensation metrics for each cell of the candidate cells

to compensation metrics of the remaining candidate cells;

selecting one or more replacement cell from the candidate cells based on a

result of the comparison; and



adjusting parameters of the one or more replacement cell to compensate for

the inactive cell.

12. The network resource controller of claim 11, wherein calculating the

compensation metric includes determining the one or more point in a shape representing the

coverage area of the inactive cell.

13. The network resource controller of claim 12, wherein the shape is a

polygon, and the one or more point in the coverage area of the inactive cell includes vertices

of the polygon.

14. The network resource controller of claim 12, wherein the one or more

point in the coverage area of the inactive cell includes a centroid of the shape.

15. The network resource controller of claim 12, wherein calculating the

compensation metric includes determining antenna pattern data for the candidate cells, and

using the antenna pattern data to determine respective received power levels of each

respective candidate cell at the one or more point in the shape.

16. The network resource controller of claim 15, wherein calculating the

compensation metric includes determining a path loss of each candidate cell at the one or

more point, and using the path loss to determine the received power levels of each respective

candidate cell at the one or more point in the shape.

17. The network resource controller of claim 11, wherein calculating the

compensation metric includes weighting the metric according to data for the inactive cell at

the one or more point.

18. The network resource controller of claim 11, wherein the compensation

metric is expressed in a logarithmic scale.

19 . The network resource controller of claim 11, wherein comparing

respective compensation metrics includes determining a highest compensation metric for the

candidate cells, and selecting a cell associated with the highest compensation metric as a

replacement cell of the one or more replacement cell.



20. The network resource controller of claim 19, wherein the method further

comprises:

determining whether compensation metrics of remaining candidate cells are

within a predetermined range of the highest compensation metric; and

when one or more compensation metric of the remaining candidate cells are

within the predetermined range, selecting each associated candidate cell as a replacement cell

of the one or more replacement cell.
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