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METHOD AND APPARATUS FOR DETERMINING CELL STATES TO ADJUST
ANTENNA CONFIGURATION PARAMETERS

RELATED APPLICATION

[0001] The present application is a continuation-in-part of and claims priority to
U.S. non-provisional patent Application No 14/971,870 filed on December 16, 2015 and to
U.S. non-provisional patent Application No. 14/963,062 filed on December 8, 2015, both
of which claim priority to the following U.S. provisional applications:

e U.S. Provisional Application No. 62/096,439 filed December 23, 2014;
e U.S. Provisional Application No. 62/093,283 filed December 17, 2014;
e U.S. Provisional Application No. 62/099,854 filed January 5, 2015; and
e U.S. Provisional Application No. 62/100,003 filed January 5, 2015.

[0002] All of these are hereby incorporated herein by reference in their entirety.
TECHNICAL FIELD
[0003] The present disclosure relates in general to self-organizing networks and

coverage capacity optimization and more particularly to a method and apparatus for

determining cell states to adjust antenna configuration parameters.

BACKGROUND

[0004] A self-organizing network (SON) is an automation technology designed to
make the planning, configuration, management, optimization, and healing of mobile radio
access networks simpler and faster. SON functionality and behavior has been defined
and specified in generally accepted mobile industry recommendations produced by
organizations such as 3rd Generation Partnership Project (3GPP) and Next Generation
Mobile Networks (NGMN). SON is considered critical to operators’ strategy for meeting
the exploding demand for data in the coming decade — the era of the Internet of Things.
SON i1s considered necessary to automate operations and optimize performance in a
scalable manner for small cell driven heterogeneous networks (HetNets). As SON
evolves it will be run on Big Data platforms in the cloud powered by “intelligent”

predictive analytics algorithms.
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[0005] Coverage Capacity Optimization (CCO) is a SON use case that initially
configures and adjusts key RF parameters (antenna tilt and azimuth configuration and
power) post-deployment to maximize some measure of user quality of experience (QoE)
(in particular, coverage, quality and capacity) and adapt to changing traffic patterns and
changes in environment. CCO is expected to work on a long time-scale in the order of
hours/days to capture and react to long term or seasonal changes in traffic and
environment and also allow for sufficient data collection for accurate observation and
estimation of CCO performance.

[0006] A current CCO solution is known as Automatic Cell Planner (ACP). ACP
uses measure report (MR) and drive test (DT) data with user equipment (UE) geo-
location data obtained through Assisted Global Positioning System (AGPS) and accurate
antenna configuration parameters for accurate propagation modeling. However, ACP
being a modeling approach requires costly drive testing and human verification. For
ACP, knowledge of UE locations is essential and obtaining accurate antenna
configuration parameters is subject to human error. Moreover, ACP is not scalable to

small cells and HetNets as too much manual effort is required for setup and verification.

SUMMARY

[0007] From the foregoing, it may be appreciated by those skilled in the art that a
need has arisen for a technique to determine a cell state that does not require UE location,
accurate antenna configuration parameters, or offline modeling. In accordance with the
present disclosure, a method and apparatus for determining cell states to adjust antenna
configuration parameters are provided that greatly reduce or substantially eliminate
problems and disadvantages associated with current SON CCO solutions.

[0008] According to an embodiment, there is provided a method for determining
cell states to adjust antenna configuration parameters that includes receiving, at a radio
access nodes in a network, measurement reports from a plurality of user equipment
devices. The radio access node performs a weak coverage analysis in response to the
measurement reports to determine whether a cell provided by the radio access node is
assigned a good coverage state or a weak coverage state. The radio access node performs

an overshooting analysis in response to the measurement reports to determine whether the
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cell provided by the radio access node is assigned an overshooter state or a non-
overshooter state. The radio access node performs an interference analysis in response to
the measurement reports to determine whether the cell provided by the radio access node
is assigned an interferer state or a non-interferer state. The radio access node performs a
quality analysis in response to the measurement reports to determine whether the cell
provided by the radio access node is assigned a good quality state or a bad quality state.
Adjustments are made to antenna configuration parameters of the cell provided by the
radio access node in response to the various states assigned to the cell.

[0009] The present disclosure describes many technical advantages over
conventional system behavior and performance analysis techniques. For example, one
technical advantage is to provide an ability to determine one or more states of a cell based
on UE MR data from an actual network and not based on data obtained through a
modeled network. Another technical advantage is to identify a cell as being any of a
weak or non-weak coverage cell, an interfering or non-interfering cell, an overshooting or
non-overshooting cell, and a good or poor quality cell. Yet another technical advantage
is to use a cell state to determine adjustments made to the corresponding antenna
configuration parameters based on received MR information without the need for UE
location or accurate antenna configuration information. Other technical advantages may
be readily apparent to and discernable by those skilled in the art from the following

figures, description, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] For a more complete understanding of the present invention and the
advantages thereof, reference is now made to the following description taken in
conjunction with the accompanying drawings, wherein like reference numerals represent

like parts, in which:

[0011] FIGURE 1 illustrates an example of a Long Term Evolution (LTE)
network;
[0012] FIGURE 2 illustrates an example process for optimizing cell specific

antenna configuration parameters;

[0013] FIGUREs 3A-3E illustrate example graphs of global historical data
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categorizing interfering cells for a plurality of LTE networks;

[0014] FIGUREs 4A-4E illustrate example graphs categorizing cells as
overshooter cells;

[0015] FIGURE 5 illustrates a graph depicting an example simulated annealing
process performed by the optimization process;

[0016] FIGURE 6 illustrates a graph depicting network performance as a function
of power and downtilt parameters;

[0017] FIGUREs 7A-7E illustrate changes in coverage and quality parameters in
the LTE network through various iterations in a base incremental adjustment phase of the
optimization process;

[0018] FIGURE 8 illustrates a graph of an objective function through various
iterations of the base incremental adjustment phase of the optimization process;

[0019] FIGURE 9 illustrates a graph of the objective function through various
iterations of a biased random adjustment phase of the optimization process;

[0020] FIGURE 10 1illustrates an example process for determining cell states to
adjust antenna configuration parameters;

[0021] FIGURE 11 illustrates the coverage states that can be assigned to a cell;
[0022] FIGURE 12 illustrates additional coverage states of a weak edge state and

a weak interior/insufficient state that can be assigned to a cell;

[0023] FIGUREs 13A-13B illustrate a process for determining the coverage state
for a cell;

[0024] FIGURE 14 illustrates the overshooting states that can be assigned to a
cell;

[0025] FIGURE 15 illustrates an example of a cell in an overshooter state;

[0026] FIGURE 16 1illustrates a graph depicting a relationship between
overlapped UE devices and overshooting identification;

[0027] FIGURE 17 shows a process for determining an overshooter state of a cell;
[0028] FIGURE 18 shows the interference states that can be assigned to a cell;
[0029] FIGURE 19 shows a process for determining an interferer state of a cell;
[0030] FIGURE 20 shows the quality states that can be assigned to a cell;

[0031] FIGURE 21 shows a process for determining a quality state of a cell;
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[0032] FIGURE 22 illustrates a block diagram of an example processing system
which may be implemented in the LTE network;

[0033] FIGURE 23 illustrates a simplified example of a general-purpose
computing component suitable for implementing one or more embodiments disclosed
herein;

[0034] FIGURE 24 illustrates a flowchart of an embodiment method for adjusting

communication parameters for a cluster of cells using an autonomous adaptive simulated
annealing algorithm;

[0035] FIGURE 25 illustrates a flowchart of an embodiment method for adjusting
communication parameters for a subset of cells;

[0036] FIGURE 26 illustrates a graph depicting simulation results obtained by
performing the method described in FIGURE 25;

[0037] FIGURE 27 illustrates another graph depicting additional simulation
results obtained by performing the method described in FIGURE 25; and

[0038] FIGURE 28 illustrates an embodiment flowchart for adjusting
communication parameters for a cluster of cells using an autonomous adaptive simulated

annealing algorithm.

DETAILED DESCRIPTION

[0039] FIGURES 1 through 28, discussed below, and the various embodiments
used to describe the principles of the present disclosure in this patent document are by
way of illustration only and should not be construed in any way to limit the scope of the
disclosure. Those skilled in the art will understand that the principles of the disclosure
may be implemented in any type of suitably arranged device or system. Features shown
and discussed in one figure may be implemented as appropriate in one or more other
figures.

[0040] FIGURE 1 shows an example of a Long Term Evolution (LTE) network
100. LTE network 100 is a type of wireless communications network designed to
provide broadband Internet and phone service to user equipment (UE) such as mobile
phones and other types of devices. Voice calls on an LTE network are converted into

small chunks of data, which eliminates the need for separate voice circuits. These types
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of networks are often marketed as "4G" and are capable of offering speeds that rival
wired broadband services. They also offer increased capacity, which may help wireless
carriers deal with the increasing amounts of data used by smart phones and other devices.
Though discussed in terms of LTE network 100, the present disclosure may also be
applicable to other known or future wireless communications networks.

[0041] In the example of FIGURE 1, LTE network 100 is partitioned into
multiple cells provided by 19 Evolved Node B (eNB) radio access nodes 102. The eNB
radio access nodes 102 provide service for multiple UE devices 104. The number of eNB
radio access nodes 102 and UE devices 104 operating within LTE network 100 may be
greater or fewer than what 1s depicted in FIGURE 1. Each eNB radio access node 102 is
responsible for radio transmission and reception with UE devices 104 in one or more
cells. Each eNB radio access node 102 controls the radio resources of its own cells and

provides functions for configuring and making measurements on the radio environment.

[0042] OPTIMIZING CELL SPECIFIC ANTENNA CONFIGURATION
PARAMETERS
[0043] FIGURE 2 shows a process 200 for optimizing performance in LTE

network 100. In general, process 200 adjusts antenna configuration parameters
incrementally online, jointly, and per cluster. Process 200 observes the resultant feedback
from measurement reports (MRs) transmitted by UE devices 104 and continues in a
closed loop to optimize over the long run. Antenna configuration parameters include
electronic tilt, azimuth, and reference symbol power. Feedback from actual UE devices
104 1s used in the form of MRs, as opposed to propagation model estimates. As known in
the art, the MRs can include multiple UE-related and cell-related parameters, such as cell
ID, reference signal received power (RSRP), reference signal received quality (RSRQ),
serving cell ID, and timing advance parameters. The information in the MRs is used to
update an objective function representing network performance, identify cell state
indicator metrics/labels, and make step-wise antenna configuration parameter
adjustments for performance progress. As known in the art, an objective function can be
used for optimization of a measurable quantity, parameter, or feature, such as network
performance. As used herein, the disclosed objective function can be used for

optimization of network performance.
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[0044] Process 200 does not need to know where UE devices 104 are located
within LTE network 100 nor the exact antenna configuration parameter values in order to
optimize performance. This contrasts with propagation model aided solutions (such as
ACP) that require accurate user location and correct antenna configuration parameter
values for each cell. Because correct configuration parameter values are not known, even
if initial configuration parameters are erroneous, the antenna configuration parameter
values can still be adjusted in a meaningful direction due to the fact that parameter
changes lead to measurable change in cell/system metrics. As long as MRs (including
RSRP, RS-SINR RSRQ, or the like) from representative UE devices 104 (e.g., UE
devices 104 selected by unbiased random sampling) are available for a given antenna
configuration parameter change, the objective function can be evaluated accurately.
[0045] In the disclosed embodiments, every MR that is adjudged to have “failed”
a coverage criterion (e.g., by virtue of a reported reference channel signal strength not
meeting a pre-defined threshold) or a quality criterion (e.g., by virtue of a reported
reference channel quality, i.e., signal to interference plus noise, not meeting another pre-
defined threshold) assigns a notional unit of “blame” for such failure to a “responsible”
cell or cells. If multiple cells are held responsible, fractional units of “blame” (or “shares
of blame”) are assigned to each responsible cell. When aggregated over all “failed” MRs,
blame metrics can be calculated for each cell, and a base incremental action (e.g., antenna
tilt or transmit power adjustment) can be taken by the cell in accordance with such blame
metrics in order to reduce the rate of occurrence of MR failures.

[0046] Process 200 employs two closed loop phases — a base incremental
adjustment phase 205 and a biased random adjustment phase 209. In the base
incremental adjustment phase 205, cell level features or blame metrics are calculated
from the MRs and, alternatively or in addition, cells are labeled according to a coverage,
quality, interference, or overshooter state (described in greater detail below with respect
to FIGURES 4A-4E) that map to “intuitively correct” adjustment directions for the
antenna configuration parameters based on domain knowledge applied simultaneously on
multiple cells in order to quickly grab big initial gains. Embodiments for determining
cell states are described in greater detail later in this disclosure. MRs are processed to

derive cell level metrics accounting for every cell’s share of blame for measurement
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reports indicating inadequate coverage or quality. The cell level metrics determine what
base incremental adjustments are made to that cell’s antenna configuration parameters.
Alternatively or in addition, MRs are processed to derive intuitive cell labels or
combinations of cell labels indicating any of coverage, quality, interference, and
overshooter state of each cell. The one or more labels attached to a cell determine the
base incremental adjustments made to that cell’s antenna configuration parameters.

[0047] The biased random adjustment phase 209 represents a mathematical
search procedure that performs explorative techniques and chooses oppositional or
random initial directions. Adjustments are accepted when the objective function is
improved and accepted with decreasing probability as the objective function worsens and
with passage of time (cooling) to steadily improve the solution. Over time, exploration
direction can be conditioned to learn from mistakes and, in a later explorative pass, the
action learned to be best (in the sense of maximizing instantaneous or cumulative rewards)
for a given cell state is chosen. The key facts being exploited are that the system
objective function and cell level metrics are aggregations of UE state information (MR)
that don’t require individual UE locations for evaluation, and that parameter changes
matter but not the absolute value.

[0048] Process 200 begins at block 202 with the receipt of MRs from UE devices
104. Initiation of the optimization process is triggered at block 204. Optimization may
be triggered manually, by network conditions, or automatically based on key performance
indicators (KPIs) within LTE network 100. Examples of KPIs include call drop rate and
call block rate. Other KPIs are known to those of skill in the art. If analysis of KPIs
identify a degradation in network performance, then optimization is triggered. Upon
triggering of optimization, process 200 proceeds to the base incremental adjustment
phase 205, which includes blocks 206 and 208.

[0049] In the base incremental adjustment phase 205, MRs are used in block 206
to determine a direction of adjustment to the antenna configuration parameters (i.e.,
whether to adjust an antenna configuration parameter up or down). Only the direction of
change is determined and not the specific current or starting values of the antenna
configuration parameters. The direction of adjustment may be determined in several

ways. In one example, the direction of change for each antenna configuration parameter
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is determined by a blame action metric where a majority rule of UE devices 104 provide
MRs indicating a certain change in a direction (up or down) for a respective parameter.
In another example, each cell is labeled with a cell state based on the MRs received from
UE devices 104. A cell may be given one or more labels identifying a state of the cell,
such as an interferer, non-interferer, good/weak coverage, good/weak quality, overshooter,
and non-overshooter. Here, interference refers to downlink interference in the cell. These
labels are typically determined based on a comparison with one or more thresholds. The
exact determination of these thresholds is beyond the scope of this disclosure. The labels
given to a particular cell determine the change in direction for the antenna configuration
parameters associated with that particular cell.

[0050] FIGUREs 3A-3E show example graphs of global historical data
categorizing interfering cells for a plurality of LTE networks. A cell is given an interferer
label based on membership in a group cluster. The global historical data categorizes cells
as non-interferer, single interferer, or multi-interferer, based on how many nearby cells
experience interference from the given cell. The category a cell falls into determines its
interferer label. The type of interferer label given to a particular cell determines the
direction of adjustments made to the cell’s antenna configuration parameters. After an
adjustment i1s made to the antenna configuration parameters, a cell may fall into a
different interferer category based on retumed MRs from UE devices 104. FIGUREs 3 A-
3E show how cells may move across interferer categories during various iterations of the
base incremental adjustment phase 205. For example, looking at the larger circular dots in
FIGURES 3A-3E, it can be seen that many of the larger dots improve toward a non-
interferer state through iteration 9 (FIGURE 3D), but then cause greater interference and
move to a multi-interferer state in iteration 10 (FIGURE 3E).

[0051] FIGUREs 4A-4E show example graphs categorizing cells as overshooter
cells. An example of an overshooter cell is a cell that provides a high reference signal
received power (RSRP) to a UE device 104 but is located some distance from the UE
device 104. That is, an overshooter cell causes significant interference from a
comparatively far distance (e.g., further than an adjacent cell). A cell labeled as an
overshooter may have a particular direction of adjustments made to its antenna

configuration parameters (e.g, a down power or down tilt). After an adjustment is made
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to the antenna configuration parameters, a cell may fall out of or into an overshooter state
based on new MRs from UE devices 104, where the new MRs are determined after the
adjustment to the antenna configuration parameters. FIGUREs 4A-4E show how cells
may move into and out of overshooter state during various iterations of the base
incremental adjustment phase 205.

[0052] After each change in the antenna configuration parameters of the cells, the
objective function for network optimization is calculated upon receiving new MRs in
block 208 to determine if network performance improves. The objective function is
based on a coverage parameter such as RSRP and a quality parameter such as signal to
interference and noise ratio of the reference signal (RS-SINR). The objective function is
determined by identifying those MRs having their RSRP parameter greater than a first
threshold value and identifying those MRs having their RS-SINR parameter greater than
a second threshold value. In some embodiments, the objective function is calculated

according to the equation:

k1 * number of (RSRP>threshold1) + k2 * number of (RS-SINR>threshold2),

where k1 and k2 are non-negative numbers that sum to 1.0 and are determined in advance,
e.g., by a system user (such as a network engineer) or automatically in a configuration
routine. As long as network performance improves as indicated by an increase in the
objective function, process 200 will loop through the base incremental adjustment phase
205 1n blocks 206 and 208.

[0053] Upon identifying a decrease in the objective function in block 208, the
base incremental adjustment phase 205 ends and the biased random adjustment phase 209
including blocks 210, 212, and 214 begins. In the biased random adjustment phase 209,
simulated annealing is performed where random direction changes are made to the
antenna configuration parameters and chaotic jumps are made to escape local minima
positions in order to steadily improve the objective function toward a global optimum
level. The biased random direction changes are accepted upon obtaining an improvement
in the objective function. If the objective function decreases, a probability factor is used

in determining whether to accept the random direction changes. Table I shows an
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example of a simulated annealing algorithm.

TABLEI
1. Obtain initial solution S and position T
2. Determine C as the cost of S
3. Generate new solution S’
4. Determine C’ as the cost of S’
5. Accept S” as the current solution S with probability p:
p=exp[(C-C")/T]ifC >C;p=11fC ' <C
6. If equilibrium level has not been reached, go to 3.
7. Update position T
8. If termination criterion has not been reached, go to 3.
[0054] An example of the simulated annealing process that can be performed in

the biased adjustment phase 209 is represented by the graph 500 in FIGURE 5. The
simulated annealing process may identify a local maximum 502 but may perform a
chaotic jump (from Jump 1 to Jump 2) in order to locate a global maximum 504. Here,
the maximums 502, 504 are determined maximums of the objective function described
above. In terms of the present disclosure, biased random adjustments are determined and
performed in block 210. After the biased random adjustments have been made, new MRs
are received and used to calculate the objective function in block 212. A determination is
made as to whether to accept or discard the adjustments based at least on the recalculated
objective function in block 214. If the biased random adjustments are discarded,
alternative biased random adjustments may be determined when the process 200 returns
to block 210. The biased random adjustment phase 209 continues to loop through blocks
210, 212, and 214 and fine tune the parameters until a convergence to a global maximum
is reached.

[0055] FIGURE 6 shows a graph 600 of how the antenna configuration
parameters of power and downtilt affect network performance (as measured by the
objective function). The goal of process 200 is to identify a desired optimum network

performance level 608 from a starting point 602. Process 200 is not aware of the
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particular starting point 602. Iterating through the base incremental adjustment phase
205 will attain a first intermediate network performance level 604. The biased random
adjustment phase 209 will then kick in to perform chaotic jumps to identify the desired
optimum network performance level 608, possibly through one or more second
intermediate network performance levels 606.

[0056] FIGUREs 7A-7E show the changes to the two parameters provided in the
measurement reports through several iterations of the base incremental adjustment phase
205. The first measured parameter is RSRP. RSRP is a measure of signal strength and
identifies the signal level of the Reference Signal transmitted by an eNB radio access
node 102 and received by a UE device 104. RSRP is used by UE devices 104 for cell
selection and reselection process and is reported to the network to aid in a handover
procedure. RSRP is defined as the linear average over the power contributions of the
resource elements that carry cell-specific reference signals within the considered
measurement frequency bandwidth. The second measured parameter is RS-SINR. RS-
SINR is a measure of signal quality and quantifies the relationship between RF
conditions and throughput. UE devices 104 typically use RS-SINR to calculate a
Channel Quality Indicator (CQI) reported to the network. RS-SINR indicates the power
of measured usable signals, the power of measured signals or channel interference signals
from other cells in the current system, and background noise related to measurement
bandwidths and receiver noise coefficients. Though the present disclosure focuses on
RSRP and RS-SINR, there are other parameters provided in the measurement reports that
are used in operation of LTE network 100.

[0057] As shown in FIGUREs 7A-7E, as the eNB radio access nodes 102 iterate
through the process and perform base incremental adjustments to the antenna
configuration parameters, the measured parameters RSRP and RS-SINR improve through
each successive iteration. At some point in the base incremental adjustment phase 205, a
lack of growth in the objective function occurs and a degradation can start to occur in the
performance characteristics. This lack of growth (and possible degradation) is referred to
as an improvement limit. For example, between iteration 9 of FIGURE 7D and iteration
10 of FIGURE 7E, the RSRP and RS-SINR values begin to decrease in certain areas of
LTE network 100.
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[0058] FIGURE 8 shows a graph 800 depicting a change in the objective function
through the iterations of the base incremental adjustment phase 205. Iteration numbers 1,
4,7,9, and 10 correspond to the results of the parameter adjustments shown in FIGUREs
7A-7E. The base incremental adjustments rapidly improve performance within LTE
network 100, as indicated by the rapid increase in objective function value. The trend in
continued performance improvement continues up until a certain point. In complex, non-
linear, and noise infused data environments such as provided by LTE network 100, base
incremental adjustments to the antenna configuration parameters will reach an
improvement limit where the objective function value does not increase (or increases
only slightly) and may also provide improvement regression (e.g., a decrease in objective
function value). Upon identifying a decrease in performance exceeding a desired
threshold level, the base incremental adjustment phase 205 ends and the biased random
adjustment phase 209 begins. In the example of FIGURE 8, a decrease in performance
represented by the objective function occurs between iteration 9 and iteration 10.
Approximately at iteration 9 is where the improvement limit occurs.

[0059] FIGURE 9 shows a graph 900 depicting a change in the objective function
through the iterations of the biased random adjustment phase 209. As adjustments are
accepted and discarded during the biased random adjustment phase 209, an upward drift
in improvement in the objective function occurs subject to small oscillations along the
way. The biased random adjustment phase 209 continues until an optimum point 902 is
reached representing a global maximum, such as global maximum 504 of FIGURE 5 or
the desired optimum network performance level 608 of FIGURE 6.

[0060] As described above, an analytics assisted fully automatic closed loop self-
organizing network provides a general framework for solving large scale near real time
network optimization problems (SON use cases) The optimization process disclosed
herein learns online the environment via real-time feedback of UE MRs and cell KPIs
using machine leaming analytics to assign actionable metrics/labels to cells. The
optimizing process self-adapts internal algorithm parameters (like metric thresholds) to
changing circumstances (data) and learns the correct action rule for a given cell in a given
state. Domain expertise and sophisticated processes (explorative and learning based

optimization) are combined in phases for deciding joint corrective actions. This approach
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contrasts to other approaches that use ad hoc engineering knowledge based rules and
unreliable models. The optimization process is robust to engineering parameter database
errors and lack of knowledge of UE locations and has minimal modeling assumptions in
contrast to expensive and unreliable UE location based optimization techniques.

[0061] The optimization process is self-driving in that it uses machine learned
cell labels or blame metrics with engineering knowledge guided small step actions to
extract quick initial gains in network performance. For further optimization, action is
taken in a biased random manner that balances reward with exploration risk. The
optimization process learns from mistakes or wrong decisions with time to eventually
pick a best action for a given cell state. As a result, the overall process is fast and
outperforms engineers fazed by multi-cellular complex interactions. The optimization
process provides a cost effective solution by reducing the need for an army of
optimization engineers and expensive drive testing and model calibration. The
optimization process may be readily extended to optimize additional CCO parameters
like channel power offsets and CCO & Load Balancing (CCO+LB) scenarios. The
optimization process works for diverse scenarios, including adapting to changes in the
cellular network and traffic, and 1s readily transferable and scalable to other
communication domains and deployments.

[0062] DETERMINING CELL STATES TO ADJUST ANTENNA
CONFIGURATION PARAMETERS

[0063] The process for optimizing cell specific antenna configuration parameters
described above can use various cell states to perform base incremental adjustments.
Discussed below are embodiments for determining such cell states according to this
disclosure.

[0064] FIGURE 10 shows a process 1000 for determining cell states to adjust
antenna configuration parameters. Process 1000 begins at block 1002 where MRs are
recetved over the network from UE devices 104. As described above, the MRs can
include multiple UE-related and cell-related parameters, such as cell ID, reference signal
received power (RSRP), reference signal received quality (RSRQ), serving cell ID, and
timing advance parameters. Data extraction, filtering aggregation, and processing are

performed on the MRs at block 1004 to obtain values associated with network
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performance. Values analyzed for network performance include reference signal strength
values such as RSRP used in LTE network 100, reference signal quality values, such as
Reference Signal Signal-To-Interference-Noise Ratio (RS-SINR) or RSRQ for LTE
network 100 may also be included in the analysis effort.

[0065] Though discussed in terms of a LTE network 100, process 1000 may be
implemented in other network types including a Universal Mobile Telecommunications
System (UMTS) network. The reference signal strength values in a UMTS network can
include a Received Signal Code Power (RSCP) or Energy per Chip and Interference
Level (Ec/lo). Other values derived from the MRs may also be used in the cell state
determinations. Though MR information and especially periodic MR information offer
the best sampling of the network, other sources of network data may be used including,
but not limited to, channel quality indicator (CQI), key performance indicators (KPI),
Performance Monitoring (PM) counters, and key quality indicator (KQI) metrics.

[0066] The values derived from MRs transmitted by UE devices 104 are used to
perform several cell state determinations for each cell in the network. A coverage state
analysis is performed at block 1006 to determine whether the cell provides good or weak
coverage. An example of such a coverage state analysis is described in detail below with
respect to FIGURES 11-13B. An overshooting analysis is performed at block 1008 to
determine whether the cell is an overshooter or a non-overshooter. An example of such
an overshooting analysis is described in detail below with respect to FIGURES 14-17. An
interference analysis is performed at block 1010 to determine whether the cell is an
interferer or non-interferer. An example of such an interference analysis is described in
detail below with respect to FIGURES 18 and 19. A quality analysis is performed at
block 1012 to determine whether the cell is of good or bad quality. An example of such a
quality analysis is described in detail below with respect to FIGURES 20 and 21. At
block 1014, cell labels are identified from the cell state determinations and each cell
synthesized by combining the set of cell state labels assigned to the cell to create a cell
signature.

[0067] The cell signature (i.e., the combination of cell labels) for each cell may be
used in block 1016 to automatically perform adjustments to the antenna configuration

parameters in order to optimize for coverage, quality, and capacity, making use of
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domain knowledge for actions. For example, a network component may instruct a cluster
of cells to adjust their cell configuration parameters (e.g., their antenna tilts, transmit
power, or both) based on the cell signature assigned to each cell. As a particular example,
if a cell is labeled as “good” coverage and “bad” quality, the transmit power of the cell
may be increased. In another example, if a cell is labeled as “good” coverage and “strong”
interference, the antenna tilt and/or transmit power of the cell may be decreased. In some
embodiments, a combination of labels assigned to each cell and the current antenna tilt
and/or RS power level of each corresponding cell are used to determine cell configuration
adjustment. In the example where the cell is labeled as “good” coverage and “strong”
interference, if the current antenna tilt level of the cell is “small”, then the antennal tilt of
the cell may be decreased by a small amount, which is a pre-defined level of antenna tilt
amount. In some embodiments, the network component may map a combination of the
status labels assigned to a cell and the current antenna tilt and/or RS power levels of the
cell to an action and assign the action to the cell. An action represents a change of one or
more of a cell’s configuration parameters, such as increase or decrease of the antenna tilt
and/or RS power of the cell. An action may be assigned based on domain knowledge,
experience or expertise in consideration of status labels assigned to a cell, current
configuration of the cell, and other factors that may affect its cell status.

[0068] In some embodiments, instead of a network component controlling
automatic adjustments, the adjustments may be performed semi-automatically by
providing the cell signatures to field optimization engineers to guide them in making
adjustments to the antenna configuration parameters in the correct direction.

[0069] In addition, cells with similar signatures may be clustered in block 1018 to
build KPI models for predictive analysis. In general, KPI predictive models are
algorithms that identify which KPIs are likely to be a root cause of a poor key quality
indicator (KQI), such as packet loss rate. For example, in the context of Coverage
Capacity Optimization (CCO), antenna uptilt may be increased when a poor KQI is
associated with an RSRP level, as that would indicate the root cause is poor coverage,
while antenna downtilt may be increased when a poor KQI is associated with interference,
as that would indicate the root cause is poor coverage. KPI predictive models for groups

of similar cells can predict network performance given predictors such as traffic and

-16 -



WO 2016/095826 PCT/CN2015/097666

resource consumption variables. KPI predictive models may also predict gains/losses due
to the application of a new feature on a given type or group of cells. KPI predictive
models are built based on actual historic/field trial data and have demonstrated value for
use in feature recommendations, analysis, and improvement. Additional information
regarding KPI predictive models can be found in commonly-owned U.S. Patent
Application No. 14/810,699 filed July 28, 2015, the contents of which are incorporated
herein by reference. Cell labels and signatures generated from MRs transmitted by UE
devices 104 offer a way of grouping like cells to pool data together in building more
powerful predictive analytics models.

[0070] FIGURE 11 shows the coverage states that can be assigned to a cell as
determined in block 1006 of FIGURE 10. A cell may have a state of good coverage 1102
or weak coverage 1104. If a cell is considered in a weak coverage state 1104, the cell
may be further assigned a weak edge state 1106 or a weak interior/insufficient state 1108.
A cell assigned a weak coverage state 1104 may also be assigned both a weak edge state
1106 and a weak interior/insufficient state 1108. In addition, it is possible that a cell
assigned a weak coverage state 1104 may not be considered either in a weak edge state
1106 or a weak interior/insufficient state 1108. The assignment of a cell to a weak
coverage state 1104, a weak edge state 1106, and/or a weak interior/insufficient state
1108 1s based on RSRP values in MRs transmitted by UE devices 104. Of course, the
coverage states 1102-1108 shown in FIGURE 11 are merely one example. In other
embodiments, there may be additional, intermediate coverage states. For example, there
may be one or more additional weak coverage states based on ranges of RSRP values.
[0071] FIGURE 12 shows an example of how a cell may be considered in a weak
edge state 1106 and/or a weak interior/insufficient state 1108. A cell in a weak edge state
1106 has a certain number/percentage of UE devices 104 that it serves with
corresponding RSRP values below a coverage threshold. In addition, a cell in weak edge
state 1106 has a certain number/percentage of UE devices 104 that it serves with RSRP
values associated with one or more neighboring cells within a coverage reference range
of an average RSRP value for the cell. In this scenario, a UE device 104 with a low

RSRP value corresponding to the best serving cell coupled with a high enough RSRP
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value associated with a neighboring cell is most likely located near the edge of coverage
provided by the best serving cell.

[0072] To be considered in a weak interior/insufficient state 1108, the cell has a
certain number/percentage of UE devices 104 that are served by the cell RSRP values
below a coverage threshold. In addition, these UE devices 104 do not report a RSRP
value associated with a neighboring cell that is within the coverage reference range. A
UE device 104 with a low RSRP value for the best serving cell coupled with no
significant RSRP value for a neighboring cell is most likely located near the interior of
the cell.

[0073] FIGURESs 13A-13B show a process 1300 for determining a coverage state
for a cell. In FIGURE 13A, process 1300 first performs individual analysis of each UE
device 104 best served by the cell and categorizes each UE device 104 as one of good
coverage or weak coverage. Those UE devices 104 of weak coverage are further
categorized as being of weak edge coverage or weak interior/insufficient coverage. In
FIGURE 13B, process 1300 then aggregates the categories of the UE devices 104,
determines ratios of UE devices belonging to the cell with weak coverage, and compares
the ratio to thresholds in order to assign a coverage state to the cell.

[0074] In FIGURE 13A, process 1300 begins at block 1302 with the receipt of
MRs from UE devices 104. From the MRs, those UE devices 104 best served by the cell
are identified in block 1304. For each UE device 104, the RSRP value from the MR
corresponding to the cell is compared to a coverage threshold value in block 1306. If this
RSRP value exceeds the coverage threshold, the UE device 104 is assigned to a good
coverage category at block 1308. If this RSRP value does not exceed the coverage
threshold value, the UE device 104 is initially assigned to a weak coverage category at
block 1310. At block 1312, the RSRP values associated with neighbor cells in the MR of
the UE device are compared to a coverage offset threshold range. If at least one RSRP
value associated with a neighbor cell is within the coverage offset threshold range, the
UE device 104 is assigned to a weak edge category at block 1314. If there are no RSRP
values associated with neighbor cells within the coverage offset threshold range, the UE
device 104 is assigned to a weak interior/insufficient category at block 1316. Unlike a

cell that can be assigned to either, both, or neither of a weak edge state and a weak
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interior/insufficient state, a UE device 104 of weak coverage is categorized as only one of
weak edge or weak interior.

[0075] In FIGURE 13B, process 1300 continues at block 1322 with the
aggregation of the categories for the UE devices 104 determined in FIGURE 13A. At
block 1324, a ratio of weak coverage UEs is determined from the aggregation. The ratio
of weak coverage UEs is compared to a coverage ratio threshold at block 1326. If the
ratio of weak coverage UEs does not exceed a coverage ratio threshold, then the cell is
assigned a good coverage state at block 1328. If the ratio of weak coverage UEs does
exceed the coverage ratio threshold at block 1326, the ratios for weak edge UEs and weak
interior/insufficient UEs are determined at block 1330. At block 1332, the ratio of weak
edge UEs is compared to an edge ratio threshold. If the ratio of weak edge UEs exceeds
the edge ratio threshold, then the cell is assigned to a weak edge state at block 1334. In
addition, the ratio of weak interior/insufficient UEs is compared to an interior ratio
threshold at block 1336. If the ratio of weak interior/insufficient UEs exceeds the interior
ratio threshold, then the cell is assigned to a weak interior/insufficient state at block 1338.
If neither the ratios of weak edge UEs nor weak interior/insufficient UEs exceed their
respective ratio thresholds, the cell is assigned a weak coverage state in block 1340.
[0076] FIGURE 14 shows the overshooting states that can be assigned to a cell as
determined in block 1008 of FIGURE 10. A cell may be assigned an overshooter state
1402 or a non-overshooter state 1404. A cell may be considered to be in an overshooter
state 1402 if its associated RSRP value in a MR of a UE device 104 served by a distant
cell in another region ranks within a certain number of top RSRP values for the distant
cell.

[0077] FIGURE 15 shows an example of a cell in an overshooter state. UE
device 104 located in and best served by cell x1 of Region X transmits a MR to eNB
radio access node 102 providing coverage for cell x1. Note that the exact location of UE
device 104 is unknown and does not need to be known. The parameter values in the MR
transmitted by UE device 104 provide an indication that UE device 104 is served by cell
x1 which is all that is needed for analysis purposes. The parameter values in the MR
transmitted by UE device 104 may indicate a potential overshooter cell. In this example,

cell y4 of Region Y may potentially be in an overshooter state. Cell y4 may be in an
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overshooter state if a RSRP value associated therewith is in a certain top number of
reported RSRP values and/or within a certain threshold of the RSRP value corresponding
to cell x1. For example, a MR report transmitted by UE device 104 in cell x1 includes
multiple RSRP values associated with different cells. Table IT shows a ranked list of the
top six RSRP values reported by UE device 104 in its MR.

TABLE 11

RSRP Value Rank Cell
1 x1 (overshootee)
2 x2
3 x3
4 y4 (overshooter)
5 x4
6 x5

[0078] Cell y4, being in Region Y, is relatively far away from cell x1 as

compared to the other cells in Region X. Typically, a cell that is relatively far away
would not tend to be ranked near the top of the RSRP value list. Thus, it would be typical
for cell y4 to be ranked much lower in Table II (e.g., at least below cells x4 and x5,
which are much nearer to cell x1). By being in the top six of RSRP values for UE device
104, cell y4 1s a potential overshooter. In addition, a UE device 104 is considered in an
overlapped state if a pair of cells appears in the top k values of the RSRP value list
determined from the transmitted MR and/or the difference between RSRP values is less
than a certain threshold. An example threshold value is 3dB, though any threshold value
may be used as desired. Consideration of multiple overlapped UE devices 104 in an area
or network is given to identify potential overshooters as overshooters or not overshooters,
which will now be described.

[0079] FIGURE 16 shows a graph 1600 depicting a relationship between
overlapped UE devices 104 and overshooting identification. Each point in graph 1600 is
a cell pair where the distance between cells in a cell pair increases along the y-axis.
Ideally, a larger inter site distance between cells in a cell pair should lead to less

overlapped UE devices 104 for the cell pair. Using the cell identifiers of FIGURE 15, a
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relatively high number of overlapped UE devices 104 exist for cell pair x1,x2; cell pair
x1,x3; and cell pair y3,y5, which is expected since there is a relatively short distance
between the respective cells of each cell pair. A relatively low number of overlapped UE
devices 104 exist for cell pair x1,yl and cell pair x1,y2 as there is a relatively large
distance between the cells of each cell pair.

[0080] Outlier cell pairs from the norm indicate an overshooter potential. The
outlier cell pairs, such as cell pair x1,y4, have an abnormally high number of overlapped
UE devices 104 as compared to cell pairs of a similar inter site distance. Identification of
an outlier cell pair indicates that at least one cell in the cell pair may be in an overshooter
state. Thus, cells x1 and y4 are both overshooter candidates; however, it is not clear just
from looking at FIGURE 16 if cell x1 is the overshooter and cell y4 is the overshootee, or
if cell y4 is the overshooter and cell x1 is the overshootee. To determine the overshooter
among the overshooter candidates, the ranked RSRP value lists such as shown in Table II
are also considered. From Table II, it can be seen that cell y4 is a candidate for an
overshooter state as its associated RSRP value is in an unexpected position in the RSRP
value list of a UE device 104 being served by cell x1 in a different region than cell y4.
However, an examination of a similar RSRP value list of a UE device 104 being served
by cell y4 may reveal that cell x1 is not in an unexpected position in the RSRP value list.
For example, cell x1 may rank below all of the cells y1-y6 and rank among the cells x1-
x6, as would be expected if cell x1 is not an overshooter. Thus, by examining RSRP
values lists for UE devices 104 served by cell x1 and UE devices 104 served by cell y4, it
can be determined that cell y4 is an overshooter and cell x1 is not an overshooter.

[0081] FIGURE 17 shows a process for determining an overshooter state of a cell.
Process 1700 begins at block 1702 with the receipt of MRs from UE devices 104 for each
cell. From the MRs, those UE devices 104 best served by each cell are identified in
block 1704. Cells are then paired up with every other cell at block 1706 and an inter site
distance and number of overlapping UE devices are computed for each cell pair. Inter
site distance may be normalized by the median inter site distance of a cell with its top
neighbors. Normalization may be performed by dividing the inter site distance of a
reference cell (such as x1) in the pair to its top n closest tier neighbor cells.

Normalization is performed to standardize a picture across cells and create a global
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database of real world or well simulated examples. Outlier cell pairs are then identified
in block 1708. An outlier cell pair may have an abnormal number of overlapping UE
devices 104 in relation to the inter site distance between the cells in the cell pair. For
each outlier pair, the overshooter candidate cells are determined at block 1710. Then, in
block 1712, the overshooter(s) among the overshooter candidates are determined by
examining ranked lists of RSRP values. For example, as described above, the overshooter
cell will have its associated RSRP value near the top of the RSRP values of the other cell
in the outlier cell pair. The overshooter state is assigned to the overshooter cell in block
1714.

[0082] In accordance with another embodiment, an algorithm for determining an
overshooter state will now be described. The algorithm uses quantities termed N( ),
Serving_Radius( ) and Planned_Radius( ), which are defined as follows.

[0083] N(s) 1s the set of all neighbor cells in an “estimated” neighbor list of a
given serving cell s. The set N(s) can be inferred or estimated (either making use of cell
azimuth information or without it) based on information extracted from one or more MRs.
At a later point in the algorithm, N(s) can also be used to calculate a feature
normalization factor, which is the sum of all MRs served by cell s and its neighbors.
[0084] Serving_Radius(s,0) maps one or more topology parameters involving a
pair of cells (serving cell s and neighbor cell o) to a radius of serving cell s in the
direction of cell 0.

[0085] Planned_Radius(s) of a cell s 1s the average or median of
Serving_Radius(s,0) over a predetermined most-related subset of cells o in the neighbor
list of s, 1.e., all 0 in N(s).

[0086] The algorithm performs overshooter detection as follows. In one or more
cell-level variables for cell ¢, a counter for the algorithm counts the following values:
[0087] (1) The number of MRs served by a cell ¢ with bad serving cell RSRQ
(e.g., worse than 73 dB) and with no other significant overlapping cells (i.e., RSRPs in
the MR list that are within 72 dB of the serving cell) that are “far away,” as determined
by the TA distance from c¢. Here, 73 is a predetermined RSRQ threshold separating good
RSRQ of an MR (for the serving cell) from bad RSRQ and may be in a range of, e.g.,
[-20,0]. T2 is a predetermined RSRP offset to determine whether a pair of cells have
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significant overlap in an MR and may be in a range of, e.g., [9, 20]. TA distance is a
parameter that is found in the MR and represents an estimated distance of a UE device
that submits the MR from its serving cell.

[0088] (2) The number of MRs served by cell ¢ with bad serving cell RSRQ (e.g.,
worse than 73 dB) and other significant overlapping cells present that are “far away” in
terms of TA distance from ¢ and such that the number of significant “far away” non-
neighbor overlapping cells form a significant fraction (e.g., larger than 7n threshold) of
the total number of overlapping cells. Here, Tn represents a threshold of a proportion of
neighbors to the total number of cells seen in an MR for overshooter detection. As this is
a ratio of small integers, only certain quantized values (e.g., between O and 1) make sense
as threshold choices.

[0089] (3) The number of MRs not served by cell ¢ with bad serving cell RSRQ
(e.g., worse than 73 dB) and in which cell ¢ is a significant overlapper and also a “far
away” non-neighbor of the serving cell (that itself has been judged to be “not far away”
from the MR).

[0090] This counter is then normalized with a blame normalization factor of ¢
(ie., the number of MRs served by ¢ and all of its neighbors) and compared with a
threshold 7os. Here, Tos is a predetermined threshold and may be between O and 1.

[0091] The cell ¢ is declared an overshooter if the normalized overshoot counter
of cell ¢ exceeds Tos AND the fraction of MRs served by cell ¢ with respect to an
analysis cluster average per cell exceeds Tosormintraf. Here, Tosormintraf 1s a
predetermined threshold that represents a minimum fraction of traffic (i.e., served MRs of
a cell / analysis cluster average of MRs per cell) that a cell must carry before it is eligible
to be declared as an overshooter. This latter condition on cell ¢’s traffic is for stable
statistical inference purpose. It is noted that the “far away” judgment above for an MR is
based on its TA distance ratio (with respect to the serving cell’s planned radius)
exceeding Factorl Upper. Here, Factorl Upper represents a predetermined threshold to
compare the ratio of the TA based distance of MR to a planned radius of the serving cell
and decide whether MR 1is far away.

[0092] Normalization of the counters using the total traffic (served MRs) of the

serving cell s and its estimated neighbors N(s) is important to ensure the setting of
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standard thresholds invariant to traffic or the specific set of cells being analyzed.

[0093] Thresholds used for overshooting, such as 7os, can be learned by offline
analysis of real field trial or market data. If labeled examples (by domain expert
engineers) of overshooters are used to guide threshold setting, it is called supervised
learning; otherwise it is called unsupervised learning (that looks at the groupings of the
metrics and outliers to determine thresholds). Similarly, if automatic algorithms learn the
thresholds, it is called machine learning.

[0094] FIGURE 18 shows the interference states that can be assigned to a cell as
determined in block 1010 of FIGURE 10. As shown in FIGURE 18, a cell may be
considered as being a strong/multi-interferer 1802, a medium/single-interferer 1804, or a
weak/non-interferer 1806. Of course, this is merely one example. In other embodiments,
there may be additional, intermediate interferer states between strong/multi-interferer
1802 and weak/non-interferer 1806 that represent differing levels of interference. A first
cell may be an interfering cell to a second cell if a RSRP associated with the first cell in a
MR of a UE device 104 best served by the second cell is within a threshold range of an
average RSRP reported by UE devices 104 best served by the second cell.

[0095] FIGURE 19 shows a process for determining an interferer state of a cell.
Process 1900 begins at block 1902 with the receipt of MRs from UE devices 104 for each
cell. From the MRs, those UE devices 104 best served by each cell are identified in
block 1904. At block 1906, a determination is made in each cell if a RSRP associated
with another cell is within a top k of RSRPs for the cell and/or within a reference range of
an average RSRP in each cell. A cell having a RSRP within a top k of RSRPs for another
cell may be an interferer to that cell. In block 1908, UE devices 104 best served by each
cell as having a RS-SINR below a quality threshold due to a RSRP of another cell being
within a threshold range of top RSRP values for the cell are identified. An interference
blame counter is maintained in block 1910 for each cell as a cell pair with the other cells
to record how many UE devices 104 are affected by a non-serving cell. A total blame
counter for a cell is determined in block 1912 by summing interference blame counters
over all affected cells. A check is made in block 1914 as to whether the total blame
counter is greater than a first or second interference threshold. If the total blame counter

is not greater than the first or second interference threshold, the cell is assigned a
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weak/non-interfering state at block 1916. If the total blame counter is greater than the
first interference threshold but less than the second interference threshold, the cell is
assigned a medium/single-interfering state at block 1918. If the total blame counter is
greater than the second interference threshold, the cell is assigned a strong/multi-
interferer state. The total blame counter may be normalized by the total number of UE
devices 104 served by all cells in the neighborhood of the cell being assigned an
interferer state.

[0096] The embodiment of FIGURE 19 described above is based on
consideration of one interference feature or metric, namely the number of UE devices
having an RS-SINR below a quality threshold. This is merely one example. In other
embodiments, other or additional interference features may be used in the analysis,
including a number of cells a particular cell affects significantly in terms of a number or
percentage of affected UE devices 104, or an average or median RSRP of a potential
interferer cell MRs of UE devise 104 served by neighbor cells. In some embodiments,
multiple interference features may be considered against multiple corresponding
thresholds. If multiple interference features are considered (each with a corresponding
threshold), a clustering algorithm such as shown in FIGUREs 3A-3E may be used to
analyze the multiple interference features concurrently.

[0097] FIGURE 20 shows the quality states that can be assigned to a cell as
determined in block 1012 of FIGURE 10. A cell may be considered as being of good
quality 2002 or bad quality 2004. A particular cell with a certain percentage of good
quality UE devices 104 where the particular cell is the best server for the UE devices 104
is assigned a good quality state. A particular cell with less than a certain percentage of
good quality UE devices 104 where the particular cell is the best server for the UE
devices 104 is assigned a bad quality state. A good quality UE device 104 is one where
the RS-SINR or RSRQ value is greater than a quality threshold value. The quality
threshold may be fixed, dynamically adjusted, or learned in a supervised, semi-supervised,
or unsupervised manner by correlating UE device 104 RS-SINR or RSRQ against
relevant key performance indicators (KPI) and key quality indicators (KQI) describing a
UE device 104 quality of experience (QoE). Of course, the quality states 2002-2004

shown in FIGURE 20 are merely one example. In other embodiments, there may be one
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or more additional, intermediate quality states between good quality 2002 and bad quality
2004 based on intermediate thresholds of good quality UE devices 104.

[0098] FIGURE 21 shows a process 2100 for determining a quality state of a cell.
Process 2100 begins at block 2102 with the receipt of MRs from UE devices 104. From
the MRs, those UE devices 104 best served by the cell are identified in block 2104. For
the UE devices 104 best served by the cell, the RS-SINR/RSRQ value from the MRs are
compared to a quality threshold value at block 2106. A percentage of UE devices 104
best served by the cell that exceed the quality threshold value is determined at block 2108.
At block 2110, the percentage of UE devices 104 exceeding the quality threshold value 1s
compared to a quality reference percentage. If the percentage of UE devices 104
exceeding the quality threshold value is greater than the quality reference percentage, the
cell is assigned a good quality state at block 2112. If the percentage of UE devices 104
exceeding the quality threshold value is not greater than the quality reference percentage,
the cell 1s assigned a bad quality state at block 2114. The assignment of a good or bad
quality state to the cell affects the adjustments to the antenna configuration parameters
for the cell. The cell may be assigned a good or bad quality state in varying degrees
based on how much the percentage is greater than or not greater than the quality
reference percentage. Differing degrees of good and bad quality state may provide
different adjustments to the antenna configuration parameters of the cell.

[0099] FIGURE 22 shows a block diagram of a transceiver 2200 adapted to
transmit and receive signaling over LTE network 100. One or more transceivers 2200
may be implemented in eNB radio access nodes 102 configured for adjusting cell specific
antenna configuration parameters and/or determining cell states, as described in the
embodiments herein. As shown, the transceiver 2200 comprises a network-side interface
2202, a coupler 2204, a transmitter 2206, a receiver 2208, a signal processor 2210, and a
device-side interface 2212. The network-side interface 2202 may include any component
or collection of components including antennas adapted to transmit or receive signaling
over LTE network 100. The coupler 2204 may include any component or collection of
components adapted to facilitate bi-directional communication over the network-side
interface 2202. The transmitter 2206 may include any component or collection of

components (e.g., up-converter, power amplifier, etc.) adapted to convert a baseband

-26-



WO 2016/095826 PCT/CN2015/097666

signal into a modulated carrier signal suitable for transmission over the network-side
interface 2202. The receiver 2208 may include any component or collection of
components (e.g., down-converter, low noise amplifier, etc.) adapted to convert a carrier
signal received over the network-side interface 2202 into a baseband signal. The signal
processor 2210 may include any component or collection of components adapted to
convert a baseband signal into a data signal suitable for communication over the device-
side interface(s) 2212, or vice-versa. The device-side interface(s) 2212 may include any
component or collection of components adapted to communicate data-signals between the
signal processor 2210 and components within the host device (e.g., UE devices 104, local
area network (LAN) ports, etc.).

[00100] The transceiver 2200 may transmit and receive signaling over any type of
communications medium. In some embodiments, the transceiver 2200 transmits and
receives signaling over a wireless medium. For example, the transceiver 2200 may be a
wireless transceiver adapted to communicate in accordance with a wireless
telecommunications protocol, such as a cellular protocol (e.g., long-term evolution (LTE),
etc.), a wireless local area network (WLAN) protocol (e.g., Wi-Fi, etc.), or any other type
of wireless protocol (e.g., Bluetooth, near field communication (NFC), etc.). In such
embodiments, the network-side interface 2202 comprises one or more antenna/radiating
elements. For example, the network-side interface 2202 may include a single antenna,
multiple separate antennas, or a multi-antenna array configured for multi-layer
communication, e.g., single input multiple output (SIMO), multiple input single output
(MISO), multiple input multiple output (MIMO), etc. The configuration parameters of
these antennas are adjusted based on the one or more states of the cell as determined
above. In other embodiments, the transceiver 2200 transmits and receives signaling over
a wireline medium, e.g., twisted-pair cable, coaxial cable, optical fiber, etc. Specific
processing systems and/or transceivers may utilize all of the components shown, or only
a subset of the components, and levels of integration may vary from device to device.
[00101] FIGURE 23 illustrates a simplified example of a general-purpose
computing component 2300 suitable for implementing one or more embodiments
disclosed herein. Computing component 2300 may be incorporated at each cell to

determine the one or more states of the cell as discussed above. The features described
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above for adjusting cell specific antenna configuration parameters and/or determining cell
states may be implemented on any general-purpose computing component, such as a
computer or network component with sufficient processing power, memory resources,
and network throughput capability to handle the necessary workload placed upon it. For
example, computing component 2300 may be implemented in each eNB radio access
node 102 or in a centralized server at the network level to perform the features described
herein. The computing component 2300 includes a processor 2302 (which may be
referred to as a central processor unit or CPU) that is in communication with memory
devices including secondary storage 2304, read only memory (ROM) 2306, random
access memory (RAM) 2308, input/output (I/O) devices 2310, and network/component
connectivity devices 2312. The processor 2302 may be implemented as one or more
CPU chips, or may be part of one or more application specific integrated circuits (ASICs).
[00102] The secondary storage 2304 is typically comprised of one or more disk
drives or tape drives and is used for non-volatile storage of data and as an over-flow data
storage device if RAM 2308 is not large enough to hold all working data. Secondary
storage 2304 may be used to store programs that are loaded into RAM 2308 when such
programs are selected for execution. The ROM 2306 is used to store instructions and
perhaps data that are read during program execution. ROM 2306 is a non-volatile
memory device that typically has a small memory capacity relative to the larger memory
capacity of secondary storage 2304. The RAM 2308 is used to store volatile data and
perhaps to store instructions. Access to both ROM 2306 and RAM 2308 is typically
faster than to secondary storage 2304.

[00103] SOLUTIONS FOR LARGE SCALE NEAR REAL TIME NETWORK
OPTIMIZATION PROBLEMS
[00104] Embodiments of this disclosure provide a general approach for solving

large scale near real time network optimization problems (e.g., SON use cases).
Embodiments of this disclosure may divide large networks into subgroups of smaller
networks, and then optimize control decisions for the subgroups using a simulated
annealing technique. Simulated annealing (SA) is a generic probabilistic meta-heuristic
approach for solving global optimization problems that locate a good approximation to

the global optimum of a given function in a large search space. In an embodiment, a
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method may dynamically identify and/or sort problematic cells at the global or sub-group
level, and optimize cells based on priority such that the more problematic cells are
optimized first. In some embodiments, self learning solutions are executed online based
real-time feedback (e.g., UE MRs, KPIs, mistakes, rewards). Self learning solutions may
also be executed offline based on a simulation.

[00105] Embodiments of this disclosure may provide techniques for avoiding local
optimization to obtain globally optimal, or near globally optimal, solutions. This can be
achieved through simulated annealing (SA) based guided random search via online
learning from experience with the system and proactive offline optimization via
simulators, accepting worse solution according to some criterions (e.g., Metropolis), etc.
[00106] Embodiments of this disclosure provide autonomous, closed-loop,
adaptive, self-learning techniques that are robust across different network
implementations. Embodiment approaches may utilize minimal modeling assumptions,
and may be insensitive to lack of UE location information and/or inaccurate engineering
parameters.

[00107] Control parameters for the cluster of cells may be adapted using an
embodiment autonomous adaptive simulated annealing algorithm. Aspects of this
disclosure provide autonomous adaptive simulated annealing algorithms. An embodiment
algorithm is described by the following ten steps.

[00108] The first step comprises obtaining an initial solution (S) and an initial
temperature (TO). In one embodiment, the starting temperature (TO) is selected based on
an objective or cost function during an offline simulation. In another embodiment, the
starting temperature (TO) is selected by increasing the starting temperature (TO) until an
acceptance ratio exceeds a threshold, e.g., ninety percent, etc.

[00109] The second step comprises evaluating the cost of the initial solution using
constraints (e.g., thresholds and weights for parameters (e.g., RSRP, SINR) used in
objective function). This may include a normalization process that considers the cost per
cell, the ratio of total cost to the total number of UEs, and the ratio of cost to number of
UEs per cell. The second step may also consider the cost per cell or per area (e.g., all
cells or partial group of cells such as neighbors), cost percentage (e.g., ratio of cost per

cell to UE number per cell), and distribution (e.g., weighted by cell).
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[00110] The third step comprises generating a new solution (Snew). The new
solution may be generated using various adaptive (e.g., on-line) algorithm algorithms,
including a uniform algorithm, a guided random search (e.g., Gaussian, Cauchy). The
new solution may also be generated via an offline simulation combined with
reinforcement learning. Generating the new solution may include selecting which cell(s)
are to be adjusted. The cells may be chosen randomly, using a heuristic approach, e.g.,
sorted by cost to UE no per cell, first m, exponential probability), or a using a hybrid
approach (e.g., part random and part heuristic). The number of cells that are optimized
may fixed (e.g., X number of cells), or adaptive (e.g., based on the priority or severity of
problematic cells). One or more parameters may be adjusted per iteration. Various
change/action/perturbation mechanisms may be applied to adjust the parameters to be
adjusted. For example, parameters may be adjusted in the positive or negative direction.
The adjustments can use different step size adjustment parameters, e.g., small step, large
step, absolute step size, relative step size, fixed step-size/range, adaptive step-size/range
depending on the temperature at system/cell level or offline simulation, etc.

[00111] The fourth step includes evaluating the cost of the new solution. The fifth
step includes determining whether to select the new solution as the current solution. This
decision may consider various criteria, and may be probability-based and/or threshold
based. For example, the decision may consider criteria related to the cost of the new
solution, e.g., difference between the cost of new solution and optimal cost, cost per UE
or per cell, etc.

[00112] The sixth step determines whether an equilibrium condition (# of iterations
carried out before update T) has not been reached. If not, then the technique reverts back
to step three. The seventh step comprises learning from experience gained during the first
six steps, e.g., feedback from the system, mistake, reward, etc. This step may update
models and/or parameters, such as control parameters (e.g., system/cell level temperate
Tn), propagation models used by simulators, engineering parameters, parameters/models
for identifying problematic cells, generating new solution and accepting new solution, etc.
[00113] The eighth step determines whether a backward/safeguard condition has
been met. If so, the technique back-steps to a previous solution according to some criteria.

This step may be helpful in avoiding locally optimal solutions. The ninth step determines
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whether a termination criterion has been reached according to some criteria. If not, then
the technique reverts back to step three. The tenth step returns all solutions and relevant
parameters, e.g., Sbest, Cbest, S, C, Sall and Call.

[00114] FIGURE 24 illustrates an embodiment flowchart for adjusting
communication parameters for a cluster of cells using an autonomous adaptive simulated
annealing algorithm. As shown, the method 2400 begins by identifying all problematic
cells. Next, the method 2400 generates subgroups of cells to be optimized. Thereafter, the
method 2400 selects subgroups of cells to be optimized in parallel and/or subgroups of
cells to be optimized sequentially. Subsequently, the method 2400 selects cells to be
optimized in each subgroup. Next, the method 2400 generates a new solution. Thereafter,
the method 2400 determines whether or not to select the new solution at the system level.

[00115] If the new solution is selected at the system level, then the method 2400
determines whether or not to select the new solution at the cell level. If the new solution
is selected at the system level, then the method 2400 proceeds to learn from its
experience. When learning from the solution, the method 2400 may record the solution,
and update the models/parameters. After learning from the experience, the method 2400
determines whether to terminate the subgroup. If the subgroup is terminated, then the
method 2400 re-selects cells to be optimized in the subgroup. If the subgroup is not
terminated, then the method 2400 outputs the best solution, and then determines whether
to terminate the SON session. If the new system is rejected at the system level or at the
cell level, then the method 2400 reverts back.

[00116] Aspects of this disclosure provide techniques for generating new solutions
for selected cells during SA-based self learning. FIGURE 25 illustrates an embodiment
flowchart for generating new solutions for selected cells during SA-based self learning.
As shown, the method 2500 begins by starting a new round of optimization for a selected
cell. Various criteria may be used to determine when to start a new round of optimization.
In some embodiments, groups of two or more cells may be optimized in parallel. In an
embodiment, a new round of optimization may be started only after a certain number of
cells in the group have finished the previous round of optimization. During the new
round of optimization, a direction is selected for the cell. The possible directions may

include randomly generated and/or predefined directions for RF parameters, e.g.,
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electronic antenna tilt, power (up/0, down/0, O/up, O/down, 0/0), etc. The directions may
be determined using adaptive online techniques, or via offline simulation. Various
methods may be used to determine the direction, e.g., guided random, learning from
experience (e.g., direction with maximum probability of positive gain), heuristic (e.g.,
expert system, whitebox), offline simulation (e.g., Netlab), predefined order of directions,
adaptive (e.g., up-tilt if current eTilt < (max-min)/2), reinforcement learning, etc.

[00117] Thereafter, parameter(s) are adjusted based on a step size in the selected
direction, after which a solution is generated. Next, the method 2500 determines whether
to continue stepping in the current direction. If so, the parameters are adjusted once more
in the selected direction, and a solution i1s generated. At some point, a determination is
made to change the direction for the current cell, at which point parameters are adjusted
in a different direction. OQutputs are generated iteratively until a termination condition is
reached, e.g., all directions have been considered, a threshold number of directions have
been considered, etc. Thereafter, a new cell is selected, and directions for the new cell are
evaluated to generate corresponding solutions. Cells in the selected subset are evaluated
iteratively until another termination condition is reached, at which point a new solution is
output. Termination conditions may occur after performance of a threshold number of
iterations or rounds. Termination conditions may also include results-based criteria, e.g.,
negative gain, number of negative gains, number of rejections, etc.

[00118] FIGURE 26 illustrates a graph of the results of simulations of the method
2500 described in FIGURE 25. These results were obtained by starting a new round of
adjustment without waiting for all cells to be adjusted in the previous round. Three
rounds of adjustment were performed. FIGURE 27 illustrates a graph of the results of
simulations of the method 2500 described in FIGURE 25. These results were obtained by
starting a new round of adjustment only after all cells had been adjusted in the previous
round.

[00119] FIGURE 28 illustrates an embodiment flowchart for adjusting
communication parameters for a cluster of cells using an autonomous adaptive simulated
annealing algorithm. As shown, the method 2800 begins by identifying all problematic
cells. Next, the method 2800 generates subgroups of cells to be optimized. Thereafter, the

method 2800 selects subgroups of cells to be optimized in parallel and/or subgroups of
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cells to be optimized sequentially. Subsequently, the method 2800 selects cells to be
optimized in each subgroup. Next, the method 2800 generates a new solution. Thereafter,
the method 2800 determines whether or not to select the new solution at the system level.

[00120] If the new solution is selected at the system level, then the method 2800
determines whether or not to select the new solution at the cell level. If the new solution
is selected at the system level, then the method 2800 proceeds to learn from its
experience. When learning from the solution, the method 2800 may record the solution,
and update the models/parameters. After learning from the experience, the method 2800
determines whether to terminate the subgroup. If the subgroup is terminated, then the
method 2800 re-selects cells to be optimized in the subgroup. If the subgroup is not
terminated, then the method 2800 outputs the best solution, and then determines whether
to terminate the SON session. If the new system is rejected at the system level or at the
cell level, then the method 2800 reverts back.

[00121] Aspects of this disclosure provide techniques for dynamically adjusting
cell-specific radio frequency (RF) configuration parameters (e.g., electrical antenna tilt,
reference symbol (RS) pilot power, etc.) to optimize an objective function. In one
embodiment, RF parameters of a single cell are adjusted to maximize a per-cell
performance metric. In another embodiment, RF parameters for two or more cells are
jointly adjusted to maximize a network performance metric, e.g., QoE in terms of
coverage, capacity, etc.

[00122] In some embodiments, parameters are adjusted incrementally online.
Parameters may be adjusted jointly for the different cells in a cluster, and the resultant
feedback from UE measurement reports (MRs) may be observed continually in a closed
loop for long term optimization. Real UE feedback (e.g., no propagation model estimate)
in MRs to update the objective function, to identify cell state indicators, and to make
step-wise parameter adjustments. In some embodiments, the objective function does not
depend on UE location information.

[00123] As long as MRs (RSRP, RS-SINR or RSRQ) from representative UEs are
available for a given parameter change, the objective function can be evaluated
accurately. As such, the objective function may not require correct antenna tilt and power

information. System objective functions and cell level metrics may be aggregations of
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UE state information (e.g., MRs, etc.) that don’t require individual UE location for
evaluation. Even if initial configuration parameters are inaccurate, they can be still
adjusted in a meaningful direction using the fact that parameter changes lead to
measurable changes in cell/system metrics.

[00124] Aspects of this disclosure provide adaptive simulated annealing (SA)
techniques that combine online optimization of the real network via closed-loop SA-
based guided random search and proactive offline optimization of relevant parameters
and/or actions by efficiently exploring the solution space via simulated networks (e.g.,
Netlab, Unet) iteratively, in order to, learn from experiences, such as mistakes and
rewards. This may allow actions to be selected based on the real-time feedback from the
system. Embodiments may dynamically select and evolve the best possible actions for
online optimization, which may allow the system to adapt to new unforeseen conditions
or situations. Embodiments may also update the models and parameters used by SA
and/or simulators based on online feedback from the system in real time, to provide fast
convergence and to escape the trap of local optimization.

[00125]  Aspects of this disclosure also provide embodiment SON optimization
techniques that utilize an iterative learning approach to adjust wireless network
configuration parameters. In particular, a controller iteratively generates and evaluates
global solutions over a sequence of iterations. During this process, the controller uses
experience obtained from evaluating global solutions during previous iterations when
generating global solutions in subsequent iterations. This may be achieved by using the
evaluation results to update parameters (e.g., topology model, traffic/usage patterns) of a
heuristic/adaptive algorithm used to generate the global solutions. In this way, the
controller learns more about the network (e.g., topology, conditions, traffic pattems, etc.)
during each successive iteration, which ultimately allows the controller to more closely
tailor global solutions to the network. As used herein, the term “global solution” refers to
a set of local solutions for two or more wireless network coverage areas in a wireless
network. Each “local solution” specifies one or more wireless configuration parameters
for a particular wireless network coverage area. For example, in the context of CCO, a
local solution may specify an antenna tilt of an access point in a wireless network

coverage area and/or a transmit power level (e.g., uplink, downlink, or otherwise) for the
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wireless network coverage area. In some embodiments, the global solutions are evaluated
during online implementation. In other embodiments, the global solutions are evaluated
during offline simulation. In yet other embodiments, some global solutions are evaluated
offline while others are evaluated online. For example, the best performing global
solution obtained from a given number of iterative simulations may be implemented
during an online test period. Global solutions may be generated in a manner that seeks to
improve performance metrics of the worst performing cells. For example, wireless
configuration parameters for a global solution may be selected in order improve
performance metrics in wireless coverage areas associated with the highest costs.

[00126]  Various techniques can be used to evaluate the global solutions. In some
embodiments, each global solution is evaluated to determine whether it satisfies one or
more global performance criteria, e.g., an overall cost, an average per-cell cost, etc. If the
global solution does not satisfy the global performance criteria, then the controller may
revert back to a previous global solution, e.g., a lowest cost global solution computed
during an earlier iteration. If the global solution does satisfy the global performance
criteria, then the controller may evaluate each local solution specified by the global
solution to determine which local solutions satisfy corresponding local performance
criteria. Different local performance criteria may be used to evaluate local solutions for
different coverage areas. Local solutions that fail to satisfy their corresponding local
performance criteria may be replaced with previous local solutions, e.g., a default local
solution, a local solution defined by a global solution computed in a previous iteration,
etc. In some embodiments, the global performance criteria is a relative benchmark
established during a previous iteration (e.g., the lowest cost global solution computed
prior to the current global solution), while the local performance criteria is an absolute
benchmark, e.g., a minimum level of performance for a given cell.

[00127] In some embodiments, cost functions are used to evaluate global solution.
The cost may be an overall cost for a set of coverage areas or an average per cell cost for
a set of coverage areas. In the context of coverage and capacity optimization, a cost
function for a global solution may include an RSRP parameter and an interference
parameter, e.g., a SINR level, etc. In an embodiment, the RSRP component corresponds

to a number of users reporting, or projected to report, an RSRP measurement below an
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RSRP threshold during a fixed period, and the interference component corresponds to a
number of users reporting, or projected to report, an interference measurement above an
interference threshold during the fixed period. In such an embodiment, the following
cost function may be used: Cost = 0.5*Num_UE(RSRP < Thr_rsrp) + 0.5*Num_UE(INT
> thr_int), where Num_ UE(RSRP < Thr rsrp) is the number of UEs reporting, or
projected to report, RSRP levels below an RSRP threshold during a fixed period, and
Num_ UE(INT > thr int) is the number of UEs reporting, or projected to report,
interference levels below an interference threshold during the fixed period. In such an
example, the interference levels may correspond to SINR levels obtained by measuring
reference signals.

[00128] A system for determining cell states to adjust antenna configuration
parameters includes a receive module for receiving, at a radio access node in a network,
measurement reports from a plurality of user equipment devices. Each radio access node
including a coverage analysis module for determine a weak coverage analysis in response
to the measurement reports to determine whether a cell provided by the radio access node
is assigned a good coverage state or a weak coverage state. The coverage analysis
module also for performing an overshooting analysis in response to the measurement
reports to determine whether the cell provided by the radio access node is assigned an
overshooter state or a non-overshooter state. The coverage analysis module also for
performing an interference analysis in response to the measurement reports to determine
whether the cell provided by the radio access node is assigned an interferer state or a non-
interferer state. The coverage analysis module also for performing a quality analysis in
response to the measurement reports to determine whether the cell provided by the radio
access node 1s assigned a good quality state or a bad quality state. Finally, an adjustment
module for performing or making adjustments to antenna configuration parameters of the
cell provided by the radio access node in response to the various states assigned to the
cell.

[00129] A system for adjusting cell specific antenna configuration parameters to
improve network performance includes a receive module for receiving, at each of a
plurality of radio access nodes in a network, measurement reports from a plurality of user

equipment devices. The system further includes, at each of the radio access nodes, an
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adjustment module for performing base incremental adjustments to configuration
parameters of one or more antennas at the radio access node in response to the
measurement reports, wherein the measurement reports are processed to derive one or
more of the following parameters on which the adjustments are based: cell level metrics
accounting for every cell’s share of blame for measurement reports indicating inadequate
coverage or quality and cell label combinations indicating any of a coverage, quality,
interference, or overshooter status of each cell. = The system receive modules are
configured for receiving, at each radio access node, additional measurement reports from
the plurality of user equipment devices after the incremental adjustments and continue
performing base incremental adjustments to the configuration parameters of the one or
more antennas at the radio access nodes in response to the measurement reports after
previous incremental adjustments until an improvement limit has occurred. The system
adjustment modules are further configured to perform adjustments to the configuration
parameters of the one or more antennas at the radio access nodes in accordance with a
mathematical search procedure maximizing an objective function of coverage and quality
in response to the improvement limit until a desired objective function value is achieved
or for a certain number of iterations or until no further improvement is realized.

[00130] In some embodiments, some or all of the functions or processes of the one
or more of the devices are implemented or supported by a computer program that is
formed from computer readable program code and that is embodied in a computer
readable medium. The phrase “code” includes any type of computer code, including
source code, object code, and executable code. The phrase “computer readable medium”
includes any type of medium capable of being accessed by a computer, such as read only
memory (ROM), random access memory (RAM), a hard disk drive, a compact disc (CD),
a digital video disc (DVD), or any other type of memory. Upon execution, the computer
program may detect core traces, convert the core traces into a hierarchical format,
generate the gene function database, and determine preemption costs associated with the
gene functions.

[00131] It may be advantageous to set forth definitions of certain words and
phrases used throughout this patent document. The terms “include” and “comprise,” as

well as derivatives thereof, mean inclusion without limitation. The term “or” is inclusive,
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meaning and/or. The phrases “associated with” and “associated therewith,” as well as
derivatives thereof, mean to include, be included within, interconnect with, contain, be
contained within, connect to or with, couple to or with, be communicable with, cooperate
with, interleave, juxtapose, be proximate to, be bound to or with, have, have a property of,
or the like.

[00132] While this disclosure has described certain embodiments and generally
associated methods, alterations and permutations of these embodiments and methods will
be apparent to and readily discernable by those skilled in the art. Accordingly, the above
description of example embodiments does not define or constrain this disclosure. Other
changes, substitutions, and alterations are also possible without departing from the scope

of this disclosure as defined by the following claims.
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WHAT IS CLAIMED IS:

1. A method for determining cell states to adjust antenna configuration
parameters, the method comprising:

receiving, at a radio access node in a network, measurement reports from a
plurality of user equipment devices;

performing, at the radio access node, a weak coverage analysis in response to the
measurement reports to determine whether a cell provided by the radio access node is
assigned a good coverage state or a weak coverage state;

performing, at the radio access node, an overshooting analysis in response to the
measurement reports to determine whether the cell provided by the radio access node is
assigned an overshooter state or a non-overshooter state;

performing, at the radio access node, an interference analysis in response to the
measurement reports to determine whether the cell provided by the radio access node is
assigned an interferer state or a non-interferer state;

performing, at the radio access node, a quality analysis in response to the
measurement reports to determine whether the cell provided by the radio access node is
assigned a good quality state or a bad quality state; and

performing, at the radio access node, adjustments to antenna configuration
parameters of the cell provided by the radio access node in response to the various states

assigned to the cell.

2. The method of Claim 1, wherein the weak coverage analysis comprises:

identifying a first number of user equipment devices served by the cell having
good coverage;

identifying a second number of user equipment devices served by the cell having
weak edge coverage; and

identifying a third number of user equipment devices served by the cell having

weak interior coverage.
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3. The method of any one of Claims 1 or 2, wherein the weak coverage
analysis further comprises:

determining a weak coverage ratio of user equipment devices served by the cell
from the first, second, and third numbers;

assigning the good coverage state to the cell provided by the radio access network
in response to the weak coverage ratio not exceeding a coverage ratio threshold; and

assigning the weak coverage state to the cell provided by the radio access network

in response to the weak coverage ratio exceeding the coverage ratio threshold.

4. The method of any one of Claims 1 to 3, wherein the weak coverage
analysis further comprises:

determining a weak edge ratio and a weak interior ratio of user equipment devices
served by the cell from the first, second, and third numbers;

assigning a weak edge state to the cell provided by the radio access network in
response to the weak edge ratio exceeding an edge ratio threshold; and

assigning a weak interior state to the cell provided by the radio access network in

response to the weak interior ratio exceeding an interior ratio threshold.

5. The method of any one of Claims 1 to 4, wherein the overshooting
analysis comprises:

computing inter site distances between the cell provided by the radio access node
and other cells in the network;

determining a number of overlapped user equipment devices between the cell
provided by the radio access network and the other cells in the network;

identifying whether the cell and a second cell in the network comprise an outlier
cell pair based on whether a number of overlapped user equipment devices exceeds an
overlap threshold for an associated inter site distance between the cell and the second cell;

determining whether the cell or the second cell is an overshooter based on a
ranking of the cell and the second cell in one or more lists of cells ranked by at least one

value reported in the measurement reports.
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6. The method of of any one of Claims 1 to 5, wherein the interference
analysis comprises:

identifying user equipment devices in the network with a quality value below a
threshold level;

determining whether the cell provided by the radio access node has a reference
signal received power affecting the quality value of the user equipment devices in the
network; and

maintaining a counter to record a number of user equipment devices affected by

the cell.

7. The method of any one of Claims 1 to 6, wherein the interference analysis
further comprises:

assigning a weak/non-interfering state to the cell in response to the number of
user equipment devices affected by the cell being less than a first threshold value;

assigning a medium/single-interfering state to the cell in response to the number
of user equipment devices affected by the cell being greater than the first threshold value
and less than a second threshold; and

assigning a strong/multi-interfering state to the cell in response to the number of

user equipment devices affected by the cell being greater than the second threshold value.

8. The method of any one of Claims 1 to 7, wherein the quality analysis
further comprises:

comparing a quality value in the measurement reports of each user equipment
device best served by the cell to a quality threshold;

determining a percentage of user equipment devices exceeding the quality
threshold;

assigning a good quality state to the cell in response to the percentage exceeding a
quality reference percentage; and

assigning a bad quality state to the cell in response to the percentage not

exceeding a quality reference percentage.
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9. The method of any one of Claims 1 to 8, wherein the adjustments to the
antenna configuration parameters are performed without knowledge of the actual antenna

configuration parameters.

10. The method of any one of Claims 1 to 9, wherein the adjustments to the
antenna configuration parameters are performed without knowledge of the location of the

user equipment devices transmitting the measurement reports.

11. The method of any one of Claims 1 to 10, wherein at least one
intermediate state exists between at least one of the following pairs:

the good coverage state and the weak coverage state,

the interferer state and the non-interferer state,

the good quality state and the bad quality state,
and the cell provided by the radio access node is assigned to one or more of the at least

one intermediate state.

12. The method of any one of Claims 1 to 11, wherein the overshooting
analysis comprises:

determining whether a normalized overshoot counter for the cell exceeds a first
threshold;

determining whether a fraction of measurement reports served by the cell exceeds
a threshold minimum fraction of traffic that a cell must carry to be an overshooter; and

determining that the cell is an overshooter when the normalized overshoot counter
for the cell exceeds the first threshold and the fraction of measurement reports served by

the cell exceeds the threshold minimum fraction of traffic.
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13. An apparatus for determining cell states to adjust antenna configuration
parameters, the apparatus comprising;:
a memory storing programming instructions; and
a processor, upon executing the programming instructions, configured to:
receive, at a radio access node in a network, measurement reports from a
plurality of user equipment devices;
perform, at the radio access node, a weak coverage analysis in response to
the measurement reports to determine whether a cell provided by the radio access node 1s
assigned a good coverage state or a weak coverage state;
perform, at the radio access node, an overshooting analysis in response to
the measurement reports to determine whether the cell provided by the radio access node
is assigned an overshooter state or a non-overshooter state;
perform, at the radio access node, an interference analysis in response to
the measurement reports to determine whether the cell provided by the radio access node
is assigned an interferer state or a non-interferer state;
perform, at the radio access node, a quality analysis in response to the
measurement reports to determine whether the cell provided by the radio access node is
assigned a good quality state or a bad quality state; and
perform, at the radio access node, adjustments to antenna configuration
parameters of the cell provided by the radio access node in response to the various states

assigned to the cell.

14.  The apparatus of Claim 13, wherein the weak coverage analysis comprises:

identifying a first number of user equipment devices served by the cell having
good coverage;

identifying a second number of user equipment devices served by the cell having
weak edge coverage; and

identifying a third number of user equipment devices served by the cell having

weak interior coverage.
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15. The apparatus of of any one of Claims 13 to 14, wherein the weak
coverage analysis further comprises:

determining a weak coverage ratio of user equipment devices served by the cell
from the first, second, and third numbers;

assigning the good coverage state to the cell provided by the radio access network
in response to the weak coverage ratio not exceeding a coverage ratio threshold; and

assigning the weak coverage state to the cell provided by the radio access network

in response to the weak coverage ratio exceeding the coverage ratio threshold.

16. The apparatus of Claims 13 to 15, wherein the weak coverage analysis
further comprises:

determining a weak edge ratio and a weak interior ratio of user equipment devices
served by the cell from the first, second, and third numbers;

assigning a weak edge state to the cell provided by the radio access network in
response to the weak edge ratio exceeding an edge ratio threshold; and

assigning a weak interior state to the cell provided by the radio access network in

response to the weak interior ratio exceeding an interior ratio threshold.

17. The apparatus of Claims 13 to 16, wherein the overshooting analysis
comprises:

computing inter site distances between the cell provided by the radio access node
and other cells in the network;

determining a number of overlapped user equipment devices between the cell
provided by the radio access network and the other cells in the network;

identifying whether the cell and a second cell in the network comprise an outlier
cell pair based on whether a number of overlapped user equipment devices exceeds an
overlap threshold for an associated inter site distance between the cell and the second cell;

determining whether the cell or the second cell is an overshooter candidate based
on a ranking of the cell and the second cell in one or more lists of cells ranked by at least

one value reported in the measurement reports.
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18. The apparatus of Claims 13 to 17, wherein the interference analysis
comprises:

identifying user equipment devices in the network with a quality value below a
threshold level;

determining whether the cell provided by the radio access node has a reference
signal received power affecting the quality value of the user equipment devices in the
network; and

maintaining a counter to record a number of user equipment devices affected by

the cell.

19. The apparatus of Claims 13 to 18, wherein the interference analysis further
comprises:

assigning a weak/non-interfering state to the cell in response to the number of
user equipment devices affected by the cell being less than a first threshold value;

assigning a medium/single-interfering state to the cell in response to the number
of user equipment devices affected by the cell being greater than the first threshold value
and less than a second threshold; and

assigning a strong/multi-interfering state to the cell in response to the number of

user equipment devices affected by the cell being greater than the second threshold.

20. The apparatus of Claims 13 to 19, wherein the quality analysis further
comprises:

compare a quality value in the measurement reports of each user equipment
device best served by the cell to a quality threshold;

determine a percentage of user equipment devices exceeding the quality threshold;

assigning a good quality state to the cell in response to the percentage exceeding a
quality reference percentage; and

assigning a bad quality state to the cell in response to the percentage not

exceeding a quality reference percentage.
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21. The apparatus of Claims 13 to 20, wherein the adjustments to the antenna
configuration parameters are performed without knowledge of the actual antenna

configuration parameters.

22. The apparatus of Claims 13 to 21, wherein the adjustments to the antenna
configuration parameters are performed without knowledge of the location of the user

equipment devices transmitting the measurement reports.

23. The apparatus of Claims 13 to 22, wherein at least one intermediate state
exists between at least one of the following pairs:

the good coverage state and the weak coverage state,

the interferer state and the non-interferer state,

the good quality state and the bad quality state,
and the cell provided by the radio access node is assigned to one or more of the at least

one intermediate state.

24, The apparatus of Claims 13 to 23, wherein the overshooting analysis
comprises:

determining whether a normalized overshoot counter for the cell exceeds a first
threshold;

determining whether a fraction of measurement reports served by the cell exceeds
a threshold minimum fraction of traffic that a cell must carry to be an overshooter; and

determining that the cell is an overshooter when the normalized overshoot counter
for the cell exceeds the first threshold and the fraction of measurement reports served by

the cell exceeds the threshold minimum fraction of traffic.

25. A method for adjusting cell specific antenna configuration parameters, the method
comprising;
receiving, at each of a plurality of radio access nodes in a network, measurement

reports from a plurality of user equipment devices;
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performing, at each radio access node, base incremental adjustments to
configuration parameters of one or more antennas at the radio access node in response to
the measurement reports, wherein the measurement reports are processed to derive one or
more of the following parameters on which the adjustments are based:
cell level metrics accounting for every cell’s share of blame for
measurement reports indicating inadequate coverage or quality; and
cell label combinations indicating any of a coverage, quality, interference,
or overshooter status of each cell;
receiving, at each radio access node, additional measurement reports from the
plurality of user equipment devices after the incremental adjustments;
continuing to perform base incremental adjustments to the configuration
parameters of the one or more antennas at the radio access nodes in response to the
measurement reports after previous incremental adjustments until an improvement limit
has occurred; and
performing adjustments to the configuration parameters of the one or more
antennas at the radio access nodes in accordance with a mathematical search procedure
maximizing an objective function of coverage and quality in response to the improvement
limit until a desired objective function value is achieved or for a certain number of

iterations or until no further improvement is tangible.

26. The method of Claim 25, wherein the mathematical search procedure comprises a
biased random adjustment process, and the adjustments performed after the improvement
limit are biased random adjustments to the configuration parameters of the one or more
antennas at the radio access nodes to identify a global maximum peak in network

performance.

27. The method of Claims 25 to 26, further comprising;
accepting the biased random adjustments in response to an increase in the

objective function value.

28. The method of Claims 25 to 27, further comprising:
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discarding the biased random adjustments in response to a decrease in the

objective function value and a probability factor below a threshold value.

29. The method of Claims 25 to 28, further comprising:

identifying alternative biased random adjustments in response to the decrease in
optimization; and

performing the alternative biased random adjustments to the configuration

parameters of the one or more antennas at the radio access node.

30. The method of Claims 25 to 29, wherein the configuration parameters include

antenna electrical tilt and reference symbol power.

31. The method of Claims 25 to 30, wherein the base incremental adjustments are
made in a direction based on a majority of up and down indications provided in the

measurement reports.

32. The method of Claims 25 to 31, further comprising:

determining a status of a cell provided by the radio access node after each base
incremental adjustment; and

performing additional base incremental adjustments to configuration parameters
of the one or more antennas at the radio access node in response to a change in the status

of the cell.

33. The method of Claims 25 to 32, further comprising:
triggering optimization based on one or more cell key performance indicators

(KPIs) falling below a threshold level.

34. The method of Claims 25 to 33, wherein the base incremental adjustments and the
mathematical search procedure are performed without knowledge of the actual antenna

configuration parameters.
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35. The method of Claims 25 to 34, wherein the base incremental adjustments and the
mathematical search procedure are performed without knowledge of the location of the

user equipment devices transmitting the measurement reports.

36. A system for adjusting cell specific antenna configuration parameters, the method
comprising;
a memory storing programming instructions; and
a processor, upon executing the programming instructions, configured to:

receive, at each of a plurality of radio access nodes in a network,
measurement reports from a plurality of user equipment devices;

perform, at each radio access node, base incremental adjustments to
configuration parameters of one or more antennas at the radio access node in response to
the measurement reports, wherein the measurement reports are processed to derive one or
more of the following parameters on which the adjustments are based:

cell level metrics accounting for every cell’s share of blame for
measurement reports indicating inadequate coverage or quality; and
cell label combinations indicating any of a coverage, quality,

interference, or overshooter status of each cell;

receive, at each radio access node, additional measurement reports from
the plurality of user equipment devices after the incremental adjustments;

continue to perform base incremental adjustments to the configuration
parameters of the one or more antennas at the radio access nodes in response to the
measurement reports after previous incremental adjustments until an improvement limit
has occurred; and

perform adjustments to the configuration parameters of the one or more
antennas at the radio access nodes in accordance with a mathematical search procedure
maximizing an objective function of coverage and quality in response to the improvement
limit until a desired objective function value is achieved or for a certain number of

iterations or until no further improvement is tangible.
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37. The system of Claim 36, wherein the mathematical search procedure comprises a
biased random adjustment process, and the adjustments performed after the improvement
limit are biased random adjustments to the configuration parameters of the one or more
antennas at the radio access nodes to identify a global maximum peak in network

performance.

38. The system of Claims 36 to 37, wherein the processor is further configured to:
accept the biased random adjustments in response to an increase in the objective

function value.

39. The system of Claims 36 to 38, wherein the processor is further configured to:
discard the biased random adjustments in response to a decrease in the objective

function value and a probability factor below a threshold value.

40. The system of Claims 36 to 39, wherein the processor is further configured to:
identify alternative biased random adjustments in response to the decrease in
optimization; and
perform the alternative biased random adjustments to the configuration

parameters of the one or more antennas at the radio access node.

41. The system of Claims 36 to 40, wherein the configuration parameters include

antenna electrical tilt and reference symbol power.
42, The system of Claims 36 to 41, wherein the base incremental adjustments are

made in a direction based on a majority of up and down indications in the measurement

reports.
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43. The system of Claims 36 to 42, wherein the processor is further configured to:
determine a status of a cell provided by the radio access node after each base
incremental adjustment; and
perform additional base incremental adjustments to configuration parameters of
the one or more antennas at the radio access node in response to a change in the status of

the cell.

44, The system of Claims 36 to 43, wherein the processor is further configured to:
trigger optimization based on one or more cell key performance indicators (KPIs)

falling below a threshold level.

45. The system of Claims 36 to 44, wherein the base incremental adjustments and the
mathematical search procedure are performed without knowledge of the actual antenna

configuration parameters.
46. The system of Claims 36 to 45, wherein the base incremental adjustments and the

mathematical search procedure are performed without knowledge of the location of the

user equipment devices transmitting the measurement reports.
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Start new round without waiting for other cells to finish their current round (Max # of Round = 3}

Cell1 Cell 2 Cell 3
New e Tilt Accepte Tilt New e Tilt AccepteTilt New e Tilt Accepte Tilt
feration# |Round# Direction Gain Direction? Round # Direclion  Gain Direction? Round# Direction Gain Direcetion?
1 1 Uptilt Positive YES 1 Uptilt Negative NO 1 Uptilt Positive YES
2 1 Uptilt Positive YES 1 Downtilt  Negative NC 1 Uptitt Positive YES
3 1 Uptilt Positive YES 2 Uptilt Positive YES 1 Uptitt Negative KO
4 1 Uptilt Negative YES 2 Uptilt Negative YES 1 Downtilt Positive YES
5 1 Uptilt Pasitive YES 2 Uptilt Negative NOC 1 Doawntilt Negative YES
& 1 Uptilt Positive YE3 3 Downtift Positive YES 1 Downtilt Negative NO
7 1 Uptilt Negative YES 3 Downtilt Negative YES 2z Uptilt Positive YES
8 1 Uptilt Negative NO 3 Downtilt  Positive YES 2 uptitt Negative NO
9 1 Downtilt Positive YES 3 Downtilt Negative NC 2 Downtilt Positive YES
10 1 Downtilt Positive YES 3 No Change 2 Downtilt Negative NO
i1 1 Downtilt Paositive YES 3 Nao Change 3 Uptilt Negative NC
12 1 Downtilt Negative NO 3 No Change 3 Downtitt Negative NO
FIG. 26
Start new round only if all other cells finish their current round
Cell 1 Cellz Celi 3
New e Tilt Accept e Tilt New e Tilt Accepte Tilt New & Tilt Accept e Tilt
fterationd [Round# Direction Gain Direction? Round 3 Direction Gain Direction? Round¥ Direction Gain Direcetion?
1 1 Uptilt Posifive YES 1 Uptilt HNegative NC 1 Uptilt Positive YES
2 1 Uptilt Positive YES 1 Downtilt Negative NG 1 Uptilt Positive YES
3 1 Uptilt Negative YES 1 No Change 1 Uptift Negative YES
4 1 uptilt Pasitive YES 1 No Change 1 Uptilt Negative NO
5 1 Uptilt Negative YES 1 No Change 1 Downtilt Positive YES
[ 1 Uptilt Negative NG 1 No Change 1 Downtilt Positive YES
7 1 Downtift Pasitive YES 1 No Change 1 Downtilt Negative NO
8 1 Downtilt Positive YES 1 Neo Change 1 No Change
9 1 Downtilt Negative NC 1 No Change 1 No Change
10 2 Uptilt Positive YES 2 Uptilt Negative NO 2 Uptitt Negative YES
11 2 Uptilt Positive YES 2 Downtilt Negative NO 2 Uptilt Positive YES
12 2 Uptilt Positive YES 2 No Change 2 Uptift Negative NO

FIG. 27
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