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PREDICTING SUBSCRIBER EXPERIENCE
BASED ON QOE

FIELD OF THE TECHNOLOGY DISCLOSED

[0001] The technology disclosed relates generally to pre-
dicting subscriber experience based on a cumulative quality
of experience derived from usage and performance data over
time. More specifically, the technology discloses a network-
based tool for monitoring the experience of individual
subscribers 1n a wireless communications network.

BACKGROUND

[0002] The subject matter discussed 1n this section should
not be assumed to be prior art merely as a result of its
mention 1n this section. Similarly, a problem mentioned in
this section or associated with the subject matter provided as
background should not be assumed to have been previously
recognized in the prior art. The subject matter 1n this section
merely represents different approaches, which i and of
themselves may also correspond to implementations of the
claimed technology.

[0003] Network service providers need to care about the
experience of their subscribers, even 1f the aggregate per-
formance of individual devices or whole networks 1s at a
very high level. In the world of service providers, subscrib-
ers often do not care how much bandwidth the big routers at
the core of the Internet can deliver. They care about getting
the bandwidth and the experiences for which they are
paying. Some of those subscribers may be paying extra for
a high quality of service, ensuring a certain level of band-
width, lower latency, etc. This will be reflected in the
differentiated services code points (DSCP), virtual local area
network (VLAN) IDs, and/or VLAN priority bits used to
identity packets, or qualities of service, which might be
treated diflerently from other packets—similar 1n concept to
business class airline passengers who pay more, and there-
fore expect more from their experience. Some of those
subscribers are paying for more bandwidth so they can share
their personal experiences 1n real-time—at a large outdoor
concert 1n one example, via live streaming, utilizing video
and audio traflic.

[0004] Measuring subscriber experience scores allows
network service providers to improve their ability to predict
which subscribers are likely to churn so they can take
retention actions. The churn rate, also known as the rate of
attrition, 1s the percentage of subscribers to a service who
discontinue their subscriptions to that service within a given
time period. For a company to expand its clientele, its
growth rate, as measured by the number of new customers,
must exceed its churn rate.

[0005] Existing systems for analyzing customer experi-
ence utilize aggregate quality of experience ((QoE) scores
and utilize fixed thresholds, considering the subscriber expe-
rience at a single time interval, for deciding when the
communication services are adequate.

[0006] Network systems are very prone to time-variant
performance. Because the user base may utilize the system
more at certain times and not at others, the load on the
system and the resulting quality of service for the end users
fluctuates with time. This creates problems with traditional
thresholding and alert calculations. One approach for ana-
lyzing customer experience 1s holding a constant threshold
level for all timer periods. This approach fails to perform as
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an adequate alert measure because 1t 1s unable to find a
balance between false positive and false negative results.
Either, the constant threshold level is set too sensitively and
alerts with normal cyclic changes or the sensitivity 1s set too
low and the system rarely alerts. The other alternative is
dynamic thresholding, in which the thresholds can be varied
for given time periods. This approach comes with a require-
ment for significant manual mput of the individual thresh-
olds.

[0007] An opportunity arises for alerting a network opera-
tor to deteriorated wireless network conditions with granu-
larity and reduced false alerts, applying intelligent thresh-
olding to identily network and device measurements that
deviate significantly from behavior on an average day.
Intelligent thresholding 1s usable to objectively evaluate
voice, data and short message service (SMS) communica-
tion services over multiple time intervals to analyze sub-
scriber experience for an individual, utilizing quality of
service mndicators to show the network performance history
for the imndividual subscriber. Objective evaluation leads to
potentially enhancing subscriber retention rates and
increased service quality can aflect the amount that sub-
scribers use pay-as-you-go services such as prepaid cell
services, thereby directly impacting revenue.

SUMMARY

[0008] A simplified summary i1s provided herein to help
enable a basic or general understanding of various aspects of
exemplary, non-limiting implementations that follow 1n the
more detailed description and the accompanying drawings.
This summary 1s not intended, however, as an extensive or
exhaustive overview. Instead, the sole purpose of the sum-
mary 1s to present some concepts related to some exemplary
non-limiting 1mplementations 1 a simplified form as a
prelude to the more detailed description of the various
implementations that follow.

[0009] The disclosed technology teaches a method for
alerting a network operator to deteriorated wireless network
conditions with granularity and reduced false alerts, includ-
ing receiving tracked performance indicators for multiple
components of at least voice, data and messaging over a
cellular network, accessing a mapping of the performance
indicators to key quality indicators, and combining the
performance indicators, according to the mapping, into
quality sub-indicators for individual users and into key
quality indicators (abbreviated KQI) for the individual users.
The disclosed method also includes smoothing the current
key quality indicators measures of performance over time to
reduce 1mpact of brief transitory events, accessing a weekly
KQI profile of key quality indicators, and comparing KQIs
for a current time window to past KQIs for a corresponding
time window 1n the weekly KQI profile for the individual
users operating mobile devices 1n part of the cellular net-
work that 1s a focus of interest. Based on the comparing, the
technology teaches generating alerts that report out-of-range
current KQIs within the focus of interest that are persistently
out-of-range longer than a configurable time.

[0010] Other aspects and advantages of the technology
disclosed can be seen on review of the drawings, the detailed
description and the claims, which follow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The patent or application file contains at least one
drawing executed 1n color. Copies of this patent or patent
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application publication with color drawing(s) will be pro-
vided by the Oflice upon request and payment of the
necessary fee. The color drawings also may be available in
PAIR wvia the Supplemental Content tab.

[0012] Inthe drawings, like reference characters generally
refer to like parts throughout the different views. Also, the
drawings are not necessarily to scale, with an emphasis
instead generally being placed upon illustrating the prin-
ciples of the technology disclosed. In the following descrip-
tion, various implementations of the technology disclosed
are described with reference to the following drawings.
[0013] FIG. 1 depicts an exemplary system for alerting a
network operator to deteriorated wireless network condi-
tions with granularity and reduced false alerts, according to
one 1mplementation of the technology disclosed.

[0014] FIG. 2A shows a time slice analyzer which pro-
cesses collected records into transaction tables and key
performance indicator (KPI) tables for time intervals.
[0015] FIG. 2B shows a time aggregator that combines the
staging KPI tables for time intervals at the end of each hour
and stores hourly aggregation tables.

[0016] FIG. 2C shows an example strata aggregator that
collects data into aggregation tables, including device aggre-
gation tables, core network aggregation tables, tower aggre-
gation tables, group aggregation tables and market aggre-
gation tables.

[0017] FIG. 2D shows an example CRM which includes
subscriber tables with VIP table, geo table of geographically
agoregated data, enterprise table which includes enterprise
subscribers to the network and configurable table that stores
additional aggregated data configurable by an operator.
[0018] FIG. 2E graphically depicts the mapping of per-
formance indicators referred to as KPIs, through intermedi-
ate quality sub-indicators referred to as SKQIs, to key
quality indicators referred to as KQIs, to a subscriber’s

overall QoE.

[0019] FIG. 3 shows an example representation of a core
network that includes a circuit switched core, a packet
switched core and an evolved packet core.

[0020] FIG. 4 lists example KPIs and sub-KQIs used to
calculate cell key quality indicators (KQIs) for voice, SMS
and data.

[0021] FIG. 5 shows a list of KPI rates and KPIs utilized
for calculating voice KQIs, SMS KQIs and data KQIs for
core networks.

[0022] FIG. 6 shows KPI rates and KPIs for calculating
voice KQIs, SMS KQIs and data KQIs for cellular devices.
[0023] FIG. 7 summarizes a combination of KPIs and
KQIs utilized for calculating a quality of experience (QoE).
[0024] FIG. 8 shows KQI and weight calculations for an
example scenario whose data results 1n a calculated overall
high QoE.

[0025] FIG. 9 shows KQI and weight calculations applied
to an example scenario 1n which data results 1n a calculated
overall low QoE.
[0026] FIG. 10A shows a graphical representation of the
relationship between successiul call volumes, failed call
volumes and QoE scores.

[0027] FIG. 10B shows an example set of calculations of
the weighted averages for SKQIs that aggregate to an

individual’s KQIs for voice, SMS and data.

[0028] FIG. 11 shows a smippet of a KPI data table for time
intervals, with a snapshot of part of the data for 15 minute
segments, for an individual subscriber.
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[0029] FIG. 12 depicts a block diagram of an exemplary
system for alerting a network operator to deteriorated wire-
less network conditions with granularity and reduced false
alerts, according to one implementation of the technology
disclosed.

[0030] FIG. 13A shows an example subscriber quality of
experience dashboard of scores suitable for drilldown from
key quality indicators to details of individual users” expe-
riences.

[0031] FIG. 13B shows dashboard graphs for data usage,
VoLTE service and SMS service for the same example
subscriber for a 24 hour window.

[0032] FIG. 14 shows an example quality of experience
dashboard of scores for millions of users in a cohort and
identifies 1mpacted core network components based on
shared user experiences of the users in the cohort.

[0033] FIG. 15 shows an example QoS measurement chart
with mean, standard deviation and alerts graphed over a
measurement time interval, for alerting a network operator
to deteriorated wireless network conditions with granularity
and reduced false alerts.

[0034] FIG. 16 shows excerpts from an example user
interface that reports QoE measurements and an alert state

for monitored subscriber groups, for monitored cell/eNo-
deBs.

DETAILED DESCRIPTION

[0035] The following detailed description 1s made with
reference to the figures. Sample implementations are
described to 1llustrate the technology disclosed, not to limat
its scope, which 1s defined by the claims. Those of ordinary
skill 1n the art will recogmize a variety of equivalent varia-
tions on the description that follows.

[0036] Network performance measurement streams
include complex long-term trends, rough cyclical patterns
and outliers. Quality of experience (QoE) models need to be
designed with an eye toward continuous improvement using
objective feedback measures like churn for individual sub-
scribers, and performance changes need to be measured to
identily degraded network performance as quickly as pos-
sible. Also, subscribers talk to each other and bad experi-
ences of one subscriber can lead to other subscribers not
buying services due to quality concerns. Lower quality
service can also reduce how much the subscriber uses the
service, and for pay-as-you-go services such as prepaid cell
services, a reduction in use directly impacts revenue.
[0037] Intelligent thresholding can be used to solve the
problem of monitoring time-variant performance of net-
works by creating a threshold that 1s appropniate for each
individual situation. Intelligent thresholding works under the
assumption that the system 1s loaded 1n a cyclic pattern, an
assumption that tends to hold true because end users tend to
follow cyclic cycles. This provides daily and weekly pat-
terns in the data that can be used to predict what future
values should be. Intelligent thresholding takes advantage of
these patterns, by comparing the incoming data to these
predictions. Any vanation from these predictions could
indicate an error or problem within the network, so alerts can
be sent and the components 1nvolved can be mspected.
[0038] The disclosed technology 1s usable to implement a
heuristic model to calculate the QoE for an individual
subscriber, based on the performance of services used by
that subscriber during a defined time 1nterval or set of time
intervals. The analytics component of the model supports
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subscriber-level QoE and impact analysis based on data
models that incorporate both active test and passive sub-
scriber and network data sources. The QoE scores can be
used to analyze trends 1n QoE over time, or to compare QoE
between different subscriber populations. The QoE scores
can also be used to 1dentify abnormal network performance,
by detecting unexpected decreases in QoE values using
intelligent thresholding, which includes the ability to mitiate
a seli-learning threshold that will adapt to temporal patterns

in the network data.

[0039] The disclosed technology enhances the application
of the QoE model by making available the volume of
impacted intervals over a time period for use as a predictor
of individual subscriber experience as well as subscribers’
experiences for cohorts of thousands to millions. A higher
count of impacted intervals represents a more significant
unsatisfactory experience, and a lower count of impacted
intervals may only represent an insignificant or un-noticed
glitch 1n the overall experience. Prediction of subscriber
experience based on the cumulative (QoE model derived
from the composite usage and performance data can be
utilized to determine actions to ameliorate the impact of
churn.

[0040] For customer care, the QoE measurements are
usetul 1n one example in which a subscriber-specific module
shows the history for an individual. The measurements are
also useful for reviewing an entire subscriber population
relative to a mean opinion score (MOS) threshold, looking
for all subscribers who have unusual scores, to determine
when there 1s an 1ssue. In one case, when a network problem
occurs on weekdays at rush hour, network operators can
identify a solution for the bottleneck identified. Also, 1n
some use cases, analytics soltware supports user-defined
configuration of reports and dashboards to address specific
decision-making and visibility needs for individual sub-
scribers.

[0041] An architecture that includes intelligent threshold-
ing for monitoring the QoE for individual subscribers, based
on the performance of services used by that subscriber
during specific time intervals 1s described next.

[0042] FIG. 1 shows example architecture 100 for alerting
a network operator to deteriorated wireless network condi-
tions with granularity and reduced false alerts. Architecture
100 includes multiple devices 102 that send and receive
data, voice, SMS and voice over IP (VoIP) via towers 112.
Architecture 100 also includes event data store 132 1n which
the raw records of subscriber data are collected and stored
for the multiple subscribers, and time slice analyzer 134
which processes the collected records for storage into a set
of tables, described relative to FIG. 2A infra. Architecture
100 turther includes time aggregator 136 for aggregating
data records from multiple tables into time-based aggregates
described relative to FIG. 2B 1nfra and intelligent threshold
calculator 138 that initiates a seli-learning threshold that
adapts temporal patterns in the network data for applying
intelligent thresholding to individual subscribers” data. Seli-
learning refers to learning cyclic trends i the data of
interest.

[0043] Continuing with the description of FIG. 1, archi-
tecture 100 includes subscribers 162 which stores data
profiles, per subscriber, of cell tower 1n use per time period,
core network elements 1 use, payment plans and group
afliliations. Additional subscriber-specific data can also be
included 1n individual subscriber data profiles. Architecture
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100 also 1includes strata aggregator 154 that collects data into
aggregation tables, described relative to FIG. 2C inira.
Pattern recognizer 156 identifies patterns in the data in the
tables: for example, the numbers of subscribers who expe-
rience problems at a given time and the times that individual
subscribers experience problems while using specific core
network elements. In some cases, pattern recognizer 156
makes 1t possible to 1dentity potential problems even before
they are reported by the subscribers.

[0044] Further continuing with the description of FIG. 1,
architecture 100 also includes customer relationship man-
agement (CRM) 174 and subscriber alerts and CRM back-
ground 178 with user interface (Ul) 188 for managing
interactions with current and potential subscribers, using the
disclosed objective evaluation of subscriber service experi-
ence with data communication services in a diverse com-
munications network to improve business relationships with

subscribers. In one case, the focus 1s specifically on sub-
scriber retention. FIG. 2D, described infra, includes CRM

174 details.

[0045] Raw data records are collected and processed to
calculate KPIs which are stored by time slice analyzer 134
into a set of tables. FIG. 2A shows time slice analyzer 134
which processes the collected records 1nto transaction tables
212 and KPI tables for time intervals 214. A set of KPI
counters are mncremented based on the characteristics of the
raw records. That 1s, for a received file with data records, a
count of the number of records in that file that meet the
pre-determined criteria 1s stored in KPI tables for time
intervals 214—and included in the 15-minute interval stag-
ing tables 1n one case. Time slice analyzer 134 can apply the
same techniques to deliver KPI tables for different configu-
rable time slices. In one use case, the time interval can be
S-minute segments and 1n another case the time interval can
be 30-minute segments. In another use case, data can be
sliced into different time intervals.

[0046] FIG. 2B shows time aggregator 136 that combines
the staging KPI tables for time intervals 214 at the end of
cach hour and stores hourly aggregation tables 206 which
include KPI tables 216 and sub-KPI (SKQI) tables 226. For
an hourly KPI, the aggregation can be a stmple addition of
the four 15-minute interval staging tables for the hour, 1n one
use case. Hourly key quality indicators (KQIs) and quality
of experience (QoE) values are computed as part of the
hourly process and stored in hourly KQI tables 236 and QoE
tables 246. In one use case, many variations of data 1n hourly
tables are aggregated and stored in configurable time-inter-
val aggregation tables 218, with each table holding a unique
combination of the data for later use. In one example, to
determine the KPI hourly aggregation, two steps are used to
calculate a KPI for “total number of successiul calls that
used cell site XXX 1n time slice YYY Y. First, the KPI
result 1s stored for each record 1n the received file. Because
it 1s very likely that many different files have such records,
to calculate the hourly aggregation, all of the stored “partial
aggregates’” for a particular KPI are added together and then
stored 1n hourly KPI tables 216, to get the total count for that
time 1nterval. At the end of each day, time aggregator 136
further aggregates the data stored in hourly aggregation
tables 206 1nto 24-hour time-based daily aggregates and then
stores the data 1n daily aggregation tables 238. Additional
configurable time-interval aggregation tables 218 can be
populated for use cases that utilize other configurable time
settings such as 12-hour segments or weekly time segments.
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[0047] FIG. 2C shows strata aggregator 154 that collects
data 1mto aggregation tables, including device aggregation
tables 262, core network aggregation tables 264, tower
aggregation tables 272, group aggregation tables 274 and
market aggregation tables 282. Additional aggregation
options are configurable, and the results can be stored 1n
configurable aggregation tables 284. In one example, aggre-
gation can be by application, such as for a particular social
media provider such as Facebook or Google search, and can
include monitoring of ongoing activity. Example devices
can be grouped by manufacturers, models and styles of the
devices. Market aggregation tables 282 include data related
to a particular subscriber’s cellular device. In one example,
the market can encapsulate a predefined geography, such as
NJ. Market can also be aggregated based on a subscription
type, such as pre-paid, post-paid and enterprise subscrip-
tions, VIP employees or royal family members. Data for a
subscriber can be reported 1n multiple market aggregations.
Aggregations can be mapped both by previously defined
strata and dynamically, based on the data that gets stored 1n
time slice analyzer 134 and time aggregator 136.

[0048] FIG. 2D shows CRM 174 which includes sub-
scriber tables 266 with VIP table 276, geo table 286 of
geographically aggregated data, enterprise table 296 which
includes enterprise subscribers to the network and configu-
rable table 278 that stores additional aggregated data con-
figurable by an operator.

[0049] FIG. 2E graphically depicts the mapping of per-
formance indicators referred to as KPIs 201, 211, 221, 231,
241, 251, 261, 271, 281, 291 with flexible mapping 243 to
intermediate quality sub-indicators referred to as sub KQIs
225, 235, 255, 275 to key quality indicators for voice KQI
227, VoL TE KQI 237, data KQI 257 and SMS KQI 277. The

key quality indicators mas to a subscriber’s overall QoE 2359.

[0050] FIG. 3 shows an example representation of a core
network 305 that includes a circuit switched core 315, a
packet switched core 335 and an evolved packet core 355.
Core networks include a variety of network elements. A
sampling of the core elements 1s described next. Circuit
switched core 315 includes mobile switching center (MSC)
312 that connects calls by routing the digital voice data
packets from one network path to another. The MSC also
provides the information that 1s needed to support mobile
service subscribers, such as user registration and authenti-
cation information. Packet switched core 335 includes the
serving gateway support node (SGSN) 332 which 1s a main
component of the general packet radio service (GPRS)
network, which handles all packet switched data within the
network; that 1s, the mobility management and authentica-
tion of the users. The SGSN performs the same functions as
the MSC for voice tratlic. The gateway GPRS support node
(GGSN) 336 1s responsible for the interworking between the
GPRS network and external packet switched networks, like
the Internet and X.25 networks.

[0051] Continuing the description of core network ele-
ments, base station controller (BSC) subsystem handles
traflic and signaling between a mobile phone and the net-
work switching subsystem 1n a traditional cellular telephone
network. The radio network controller (RNC) 1s a goverming,
clement 1n the universal mobile telecommunications system
(UMTS) radio access network (UTRAN) and 1s responsible
tor controlling the NodeBs that are connected to it. Further
describing core network elements, short message service
center (SMSC) 1s the portion of a wireless network that
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handles SMS operations, such as routing, forwarding and
storing 1mcoming text messages on their way to desired
endpoints. Wireless network operators connect SMSCs
through SMS gateways. The mobility management entity
(MME) 1s the signaling service between E-UTRAN and the
evolved packet core 355 that fulfills the S1 Interface tunc-
tions. The serving gateway (S-GW) 352 routes and forwards
user data packets, while also acting as the mobility anchor
for the user plane during inter-eNodeB handovers and as the
anchor for mobility between LTE and other 3GPP technolo-
gies. The packet data network gateway (PGW) provides
connectivity from the user equipment (UE) to external
packet data networks by being the point of exit and entry of
tratlic for the UE. The home subscriber server (HSS) 1s a
central database that contains user-related and subscription-
related information. The functions of the HSS include func-
tionalities such as mobility management, call and session
establishment support, user authentication and access autho-
rization. The proxy call session control function (P-CSCF) 1s
an IP multimedia subsystem (IMS) element that 1dentified as
the mobile’s first contact point within the IP multimedia core
network (IM CN) subsystem. Functions of the P-CSCF
include the forwarding of SIP messages received from the
UE. These may be sent to the I-CSCF or S-CSCEF, depending
on the type of message and procedure being carried out. The
P-CSCF 1s also responsible for the generation of call detail
record (CDR). The access point name (APN) 1s the name of
a gateway between a GSM, GPRS, 3G or 4G mobile
network and another computer network, frequently the pub-
lic Internet. The online charging system (OCS) 1s a system
allowing a communications service provider to charge their
customers, 1n real time, based on service usage. Additional
core elements, not enumerated and described i1n the sam-
pling listed herein, also contribute data to the core network
aggregated and stored 1n core network aggregation tables

264.

[0052] QoFE i1s an index, calculated based on the transac-
tion records of a subscriber during a time interval, such as
for a single hour, a single day or a week—using time
aggregator 136. This index can be used as an indicator of the
user’s experience, and for comparative analyses of groups of
users. In some use cases, the QoE index 1s usable for
identifying abnormal activities within the network. The QoFE
does not reflect marketing activities, pricing, special pro-
motions or ease ol use. The QoE index reflects the computed
scores and weights of a set of QoE contributors, considering
the usage volume and the ratio of success versus failure
transactions, which results 1n a set of scores and weights for
cach contributor.

[0053] Calculation of the quality of experience (QoE) for
an 1ndividual subscriber 1s based on the performance of
voice, data, SMS and sometimes VoLTE services used by
that subscriber during a defined time interval. For cell
towers, FIG. 4 lists example cell phone KPIs 408 and
sub-KQIs 406 used to calculate cell key quality indicators

(KQIs) 404 for voice 422, SMS 4352 and data 472. Note that
voice-related KPIs include both mobile originated (MO) 416
and mobile terminated (MT) 426 voice call eflective
attempts.

[0054] FIG. 5 shows a list of core network KPIs 508 and
SKQIs 506 utilized for calculating KQIs 504 for voice 3522,
SMS 552 and data 572. Voice-related KPIs include both
mobile originated (MO) 516 and mobile terminated (MT)
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526 voice call meflective attempts for core reasons. Other
core-related KPIs also show failures for core reasons.

[0055] For cellular devices, FIG. 6 shows a list of device-
level KPIs 608 and SKQIs 606 utilized for calculating KQIs
604 for voice 622, SMS 652 and data 672. Device-related
KPIs include mobile originated (MO) 616 and mobile ter-
minated (MT) 626 “voice call ineflective attempts for device
reasons’’, as well as other device-related KPIs.

[0056] A subscriber’s overall QoE calculation takes into
account voice, SMS, data and VoLTE, if applicable. Sub-
KQIs (SKQIs) map into the KQIs for voice, SMS, data and
sometimes VOLTE. FIG. 7 summarizes a combination of
KPIs 708, SKQIs 706 and KQIs 704 utilized for calculating
the QoE: voice KQI 722, SMS KQI 752 and data KQI 772.

[0057] The disclosed technology includes SKQI scores
calculated as a function of failure rate, in which a lower
failure rate maps to a higher score which 1s good, and a
higher failure rate maps to a lower score which is bad. In one
implementation, the QoFE has a default value range of one
through five, 1n which five 1s good and one 1s bad. The range
of QoE values can be customized. In one example, 11 a
subscriber has twenty call attempts 1n a day and the inei-
tective call attempt threshold 1s set to 30%, and the score
ranges from one to five, zero call failures would result 1n a
score of five; s1x or more call failures would result 1n a score
ol one.

[0058] An overall QoE score takes into account the
weighted average of all the SKQI scores. Each SKQI has a
mimmum and a maximum weight, with higher weights
assigned to the more important SKQIs. Weight 1s a relative
value, used to communicate the relative importance to other
KPIs and the relative importance to other service types.
SKQI weight 1s a function of the failure rate and volume.
SKQI with high failure rates are amplified to highlight
abnormal 1ssues. Weight 1s a function of record volume ratio
and failure rate ratio, bounded by the mimmum and maxi-
mum weights. Record volume ratio 1s the ratio of the record
volume to a preset volume threshold.

[0059] FIG. 8 shows KQI scores and weight calculations
for an example scenario whose data results in a calculated
overall high QoFE. Daily failure threshold, volume threshold,
welght maximum and weight minimum are preset 816 for
voice, SMS and data. The daily failure threshold 1s preset to
thirty percent 8235 and the volume threshold 1s preset, 1n the
example, to two-hundred forty 826. The failure count and
total count of calls are dynamic 812. The QoE calculation for
this example data 1s described next. For a daily call volume
of fifty-six calls 823, with a failure count of five 822, the
failure rate 1s calculated as 3%5s which 1s nine percent 824.
The failure rate ratio 1s the ratio of the calculated failure rate
814 to the preset failure rate threshold 825, which results 1n
a failure rate ratio of nine percent divided by thirty percent,
which 1s approximately thirty percent. Taking into account
the preset min/max weight of 20/200 vields a calculated
weight of thirty-three 828. The weighted average for voice
KQI 1s calculated by multiplying the calculated score 827 by
the calculated weight 828, adding the products for the four
clements together, and dividing by the sum of the weights.
In the example of FIG. 8 the weighted average for voice KQI
calculation: (3.8x33+5.0x10+4.5x5)/(33+10+5)=4.1. A
similar calculation 1s completed for data KQI. The weighted
averages are then averaged to obtain the overall QoE value
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of 4.5 868. When there 1s no data for a KPI 834, no weight
838 15 applied and the KPI does not aflect the weighted
average.

[0060] FIG. 9 shows the KQI and weight calculations, this
time applied to an example scenario whose data results 1n a
calculated overall low QoE. In this scenario, the overall QoE
1s 2.1 958. Note that a weight of zero 926 1s assigned when
there 1s no activity; that 1s, when the total for a KPI 1s zero
924.

[0061] FIG. 10A shows a graphical representation of the
relationship between successiul call volumes, failed call
volumes and QoE scores. In the graph, the number of
successiul calls increases from left to right and the number
of failed calls increases from top to bottom. The red circles
with numbers correspond to the numbers shown outside the
graph and included 1n the following description. As shown
in the graph, for a constant successtul call volume, addi-
tional failed calls gradually decrease the overall QoE score
1025. For a constant failed call volume, additional success-
tul calls gradually increase the overall QoE score 1026. For
a constant total call volume of successful and failed calls, a
higher failure ratio results 1n a lower QoE score 1028. At a
constant failure ratio, an increased call volume has a higher
assigned weight 1022,

[0062] The key quality indicators listed in FIG. 4, FIG. 5,
FIG. 6 and FIG. 7 are calculated using the formulas listed
next.

Z (ScorevorTe kpis X Weighty ;e gpro)

VoLTE KQOI = _
2 Weighty ;g kpys
Vo KQ}' Z (SCGFEVDHIE KPls X ngghIVDfCE KP.’S)
oice = .
2. Weighty,; . kpis
. Kol Z (Scorepgq kpis X Weighty,... kpic)
ata = .
Z WEIg hrﬂam KPfs
SMS KQI =

2. Weightqyc kpys

[0063] The calculation for the quality of experience (QoE)
utilizes the KQI calculations as shown 1n the QoFE formula
listed next.

L(Scorey,;qe kpis X We.ighrvﬂjm xprs) T

Z (Scoreyorre kpis X Weighty 1 kprs) +

Z (Scorepars kpis X Wefghrﬂﬂm KPIs)
2 : ( Weighty,,.. kpis + Weighty, e kpis + ]

Weightgy s xpis + Weightn... kpis

QOok =

[0064] The analytics component of the model supports
subscriber-level (QoE and impact analysis based on data
models that incorporate both active tests and passive sub-
scriber and network data sources.

[0065] This disclosed technology enhances the application
of the QoE model by using the volume of impacted intervals
over a time period as a predictor of subscriber experience. A
higher count of impacted intervals represents a more sig-
nificant unsatisfactory experience, and a lower count of
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impacted intervals may only represent an insignificant or
un-noticed glitch 1n the overall experience. The model
computes the scores and weights of a set of QoE contribu-
tors, considering the usage volume and the ratio of success
versus failure transactions, which results 1n a set of scores
and weights for each contributor.
[0066] Human perception of the quality of service for their
communication i1s aflected by the frequency with which
disruptions are detected. When analyzing (QoS obtained
using the disclosed technology, the measurement of
impacted hours or days for a subscriber coordinates well
with survey results for the subscriber. That 1s, 1T a subscriber
experienced more than some number x of hours of bad
experience, they may report the problem in a subscriber
satisfaction survey. In one example, a subscriber 1s more
likely to have an adverse reaction when disruptions happen
with regular frequency, than 1f the service 1s faulty or
unavailable for some particular incident.
[0067] In one example, the QoS measure can be provided
to a CRM call center, enabling customized service to sub-
scribers experiencing communication network problems. In
one example, call-ins by disgruntled subscribers can be
pre-empted by texting or emailing the impacted subscribers
to acknowledge network problems before call-ins occur.
This early identification of potential 1ssues can also lead to
the 1dentification of micro-outages that could lead to serious
network communication issues, 1f not rectified. In another
example, QoS measurements above a configurable threshold
for a subscriber can be mapped to a manager that can trigger
an alarm and can be displayed via subscriber alerts ad CRM
background 178 on UI 188. In another use case, a customer
that provides network services can use patterns 1n the QoE
indexes for individual subscribers for planning network
improvements and engineering changes, to predict churn
and to verily success of their communications network. In
yet another use case, configurable rules can be triggered
based on the value of a calculated QoE index.
[0068] Adaptive weighting can be calculated using a con-
figurable failure threshold and a configurable volume thresh-
old, and the adapted weights can be applied to the quality
sub-indicators for the individual in the second time win-
dows, and calculating KQIs that are aggregates of SKQI
scores which are each a function of failure rate, with a lower
failure rate mapping to a higher score and a higher failure
rate mapping to a lower score, as described supra. FIG. 10B
shows an example table of calculations of the weighted
averages for SKQIs that aggregate to an individual’s KQIs
for voice, SMS and data. Intelligent threshold calculator 138
calculates adaptive thresholds to individual subscribers’
data, using hourly volume thresholds 1055 and daily volume
thresholds 1056 for calculating the SKQIs.
[0069] The adaptive weight can be represented using
pseudo code as:
[0070] If total number of failures=0, then the adaptive
weight=0, else
[0071] =minimum weight+(maximum weight—mini-
mum weight)™®
[0072] (If (total number of failures/daily volume
threshold)>1, then * 1, else

[0073] =total number of failures/daily volume thresh-
old)*
[0074] (I (failure percentage/high failure thresh-

old)>1, then * 1, else * failure percentage/high
tailure threshold)
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[0075] In the example shown in FIG. 10B, the KQIs each
have a default value range of one through five, 1n which five
1s good and one 1s bad. Each SKQI has a mimmimum weight
1057 and a maximum weight 1058, with higher weights
assigned to the more important SKQI, such as voice call
ineflective attempt rate 1052 and SMS failure rate 1053. The
overall QoE 1086 takes into account the weighted average of
all the KQI scores. The calculation of the adaptive weight,
shown 1n the example of FIG. 10B and listed in column P
row 25 1059, 1s described here 1n words. If the daily volume
total 1s zero, then the weight 1s zero. If the daily volume total
1s greater than zero and greater than the daily volume
threshold and the failure percentage i1s greater than the high
failure threshold, then the weight 1s equal to the minimum
weight preset by the operator plus the maximum weight
minus the minimum weight. If the daily volume total 1s
greater than zero and less than the daily volume threshold,
and the failure percentage i1s greater than the high failure
threshold, the weight 1s equal to the minimum weight plus,
the maximum weight minus the mimmimum weight times the
daily volume total divided by the daily volume threshold. If
the daily volume total 1s greater than zero and greater than
L
t

ne daily volume threshold and the failure percentage is less
nan the high failure threshold, then the weight 1s equal to the
minimum weight preset by the operator plus, the maximum
welght minus the minimum weight times the failure per-
centage divided by the high failure threshold. If the daily
volume total 1s greater than zero and less than the daily
volume threshold, and the failure percentage 1s greater than
the high failure threshold, the weight 1s equal to the mini-
mum weight plus the maximum weight minus the minimum
weilght, times the daily volume total divided by the daily

volume threshold, times the failure percentage divided by
the high failure threshold.

[0076] FIG. 11 shows a smippet of a KPI data table for time
intervals 214, with a snapshot of part of the data for 15
minute time windows 1152, for an individual subscriber that
time aggregator 136 rolls up mto hourly aggregation tables
206, as an hourly total 1124 rolled into a second time
window. In this example, the first time window 1s fifteen
minutes long. Twenty-four hourly totals roll up into daily
aggregation tables 238 for KPIs. In one example, hourly
QQoE graphs tend to reflect more discontinuities due to usage
gaps during the day, even while eflectively highlighting
specific 1ssues experienced by the subscriber.

[0077] FIG. 13A shows an example subscriber quality of
experience dashboard 1322 of scores suitable for drilldown
from key quality indicators to details of the individual users’
experiences, with an overall QoE 1334, as well as separate
voice service 1336, data signaling 1338, for three data
sessions. In this example the data 1s represented in three
windows of two days each. In another example, the data can
be shown in hourly time windows, or i weekly time
windows, or another time window size configured by an
operator. FIG. 13B shows dashboard graphs for data usage

1342, VOLTE service 1344 and SMS service 1346 for the
same example subscriber for 24 hour windows 1348.

[0078] FIG. 14 shows an example quality of experience
dashboard 1422 of scores for millions of users 1424 1n a
cohort and 1dentifies impacted core network components
1456 from shared user experiences of the users 1n the cohort.
Data for subscribers 1n the cohort with issues are separately
reported for voice service 1432, data service 1434, VoL'TE
service 1436 and SMS service 1438 in one example dash-
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board. Additional dashboard user interface displays, not
shown, can include drilldown details for individual users
and for cohorts of users. Overall performance across net-
work segments for cohorts of users can also be included in
the QoE dashboards, for tracking performance.

[0079] The disclosed technology for alerting a network
operator to deteriorated wireless network conditions with
granularity and reduced false alerts utilizes time-stamped
data received over a time period. An interval 1s stabilized
when all or almost all of the data needed for a calculation has
been received. An interval stabilization algorithm 1s usable
to determine when a data interval 1s stabilized. In one use
case, a configurable waiting period i1s utilized prior to
calculating adaptive thresholds and storing the data 1n the
database. In one example, the waiting period 1s twenty
minutes. I additional data that would apply to the calcula-
tion arrives outside the waiting period—ior example two
hours later, the calculation can be changed, 1n one use case,
or 1gnored 1n another case.

[0080] Impacted time slice QoS counts can be used to
address both individual subscriber relationships and network
diagnostics. Given network diversity and time varying
usage, normal behavior needs to be benchmarked to 1dentify
what 1s changing.

Intelligent Thresholding

[0081] The disclosed technology applies intelligent
thresholding to the complicated quality of service (QQoS)
measure of impacted time slice counts, thresholding values
against a configurable interval—taking in a data count,
which 1s a simple object containing an integer count, and the
metadata about that count such as time interval, and refer-
ences to other objects associated with 1t. The threshold
function dynamically builds a model of a KPI and generates
alerts when that KPI deviates from 1ts normal behavior—
using the information 1n the data count structure to establish
the context around the count, including the mean and
variance of the model, the current severity and the current
activity level.

[0082] Intelligent thresholding uses the time history of the
parameters and adjusts the threshold, based on that history.
The disclosed system learns the threshold by looking at the
past values of the measurement.

[0083] The disclosed system can be configured to apply
intelligent thresholding to almost any KPI that can be
generated from the data being collected, for dealing with
noisy measurements, transient outhiers and missing and late
data. In addition to commonly collected network pertor-
mance KPlIs, the system can also be used to monitor data
collection volume, for instance, to enable alerts it the data
collection system 1tsell experiences 1ssues. The system can
also be configured to alert based on unusual user activity of
the system or abnormal load of the various servers used by
the system.

[0084] The disclosed technology includes intelligent
thresholding that builds a model of a KPI—in one example,
based on a weekly cycle of values. In one example, a new
mean 1s calculated for a KPI by utilizing the mean, calcu-
lated for the day of the week and time of the day for a week
carlier, along with the new value of the KPI for the current
day of the week and time of the day that matches that time
and day for the previous week. In other words, for a granular
focus of interest such as a physical focus on a tower or focus

on an account related to a single user experience, the
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disclosed technology includes accessing a weekly KQI
profile of means and variances and comparing the current
KQIs in a time window to past KQIs 1mn a similar time
window 1n the weekly KQI profile. For each time interval,
the system computes a weighted average of the mean and
standard deviation of the KPI, for that time interval. As new
observation measurements are computed for the KPI, the
system updates the model via a weighted average of the
previous value and the new observation.

NewMean=(1-a)xOldMean+axNewMeasure

NewVar=(1-)xOldVar+pxNewDev

[0085] In addition to the model of the KPI, the system
continually computes a severity. The severity of the KPI
measurement quantifies the deviation from the mean of that
KPI, 1n terms of the expected standard dewviation. The
severity 1s a weighted average of recent values, unlike the
model mean and standard deviation, which are weighted
averages ol previous measurements irom the same time
period, for example, the same time one week prior. For
example, a severity of 3.0 implies that the observed KPI
value 1s 3.0 standard deviations away from the expected
mean of that KPI. Like the data model itself, the severity 1s
updated as a weighted average of the new measured severity,
and the most recently calculated severity.

NewSeverity=(1-y)xOldSeverity+yxNewDiil

[0086] The system uses the severity value to determine 1f
the observed KPI wvalue 1s significantly different than
expected. The weighted average mechanism assures that the
system doesn’t over-react to a single, unusual measurement.
If the KPI value remains outside its expected range for
several time intervals, the severity value for that KPI waill
exceed a configurable threshold. In one use case the default
threshold 1s set to 3.5 standard deviations away from the
mean. The system can be configured to generate an alert
when this severity threshold i1s exceeded. The disclosed
intelligent thresholding functionality utilizes the severity
value to avoid alerts for one-ofl conditions that return to
normal 1n the next measurement time period.

[0087] FIG. 15 shows an example QoS measurement chart
with mean, standard deviation and alerts graphed over a
measurement time nterval 1563, displayed for the browser
time zone, usable for alerting a network operator to dete-
riorated wireless network conditions with granularity and
reduced false alerts. The chart in FIG. 15 shows data for
Aprl 04, from 15:00 hours and extending for twenty-four
hours. Sliders 1518 1n the user iterface can be adjusted to
zoom 1n on specific dates. The chart shows critical condi-
tions 1556 and chronic conditions 1558 that are ongoing, as
well as one-off conditions 1522, 1524 that return to normal
in the next measurement period. The graphs of the estimated
mean 1552, in blue, and the estimated standard deviation
1554, 1n green, reflect the intelligent thresholding calcula-
tions based on measurements, described supra. The event
started at 9:30 pm and 1s characterized as chronic event 1526
at 10:30 pm on April 04 and causes an alert to be generated,
because a critical condition extends over multiple full fifteen
minute measurement time intervals. Each gold bar repre-
sents a 15-minute time slice. The condition continues to be
ongoing until the measurement drops below the configurable
alert threshold.

[0088] The disclosed system employs special processing

to deal with outlier measurements, missing data, and data
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arriving out of order. Outlier measurements are determined
when the observed KPI i1s outside the range of expected
mean plus a number of standard deviations. The system
treats these measurements as 11 they were closer to the mean,
to avoid overreacting to measurements which may not be
truly representative. In one implementation, the disclosed
technology includes handling out-of-range performance
indicators that are more than four standard deviations from
a mean value for the KQI by substituting values that are 1n
a range of three to four standard deviations from the mean
value.

[0089] When the system detects that measurements are
missing for a KPI, the intelligent thresholding includes
adaptation with anomaly detection, taking into account time
of day, such as rush hour and other periodic problems. The
threshold can be dynamically adapted, with special handling
of missing data, and using a mechanism to determine when
to wait to see 1f late data arrives, versus declaring that data
1s missing and continuing with updating the severity calcu-
lation. When the data modelling logic encounters a missing
data point, the missing data can be handled using different
policies for calculating the severity for a missing data point.
In one case, missing data can be reset to zero, which 1s a
historical, classic approach. Another policy for handling
missing data can be to use the expected mean to calculate the
severity, as if the system had received a measured value
equal to the expected mean. A third distinct policy for
handling missing data 1s to copy forward the previous
interval’s severity. Yet another policy 1s to use the expected
variance to create a random draw from the configured
distribution type when the disclosed data modelling logic
encounters a missing data point. The random draw 1s then
passed through the model generation algorithm as if 1t was
the measured value. Missing data does not generate thresh-
old violation alerts, but can be configured to generate
missing data alerts, 1n one 1implementation. Entire missing,
intervals, aka empty intervals, can be reported via a different
alert type, using a different error code. For one user inter-
face, missing data can be shown on the chart on the zero line,
with a bubble and tooltip indicating that it was missing, and
the calculations can be performed as described supra.

[0090] In one use case, the intelligent thresholding system
needs time to establish the base model with mean and
standard deviation for each KPI. For system initialization,
the system can be configured to wait for N cycles, where N
1s configurable, before determining whether or not the model
tor a KPI 1s stable and therefore whether to generate alerts
i the severity exceeds the threshold value. In one example,
for a system based on weekly cycles of KPI measurements,
the system can be configured to suppress alerts for three full
cycles.

[0091] Continuing with the description of special process-
ing, if no records are received 1n the fact data for a particular
element, or if there 1s a record but 1ts value 1s null and the
system 1s not configured to convert nulls to zeros, then its
associated monitored properties will consider 1t to be miss-
ing. One implementation converts nulls to zeros. In another
implementation, nulls are handled as missing data. One of
the following four scenarios occurs, depending on the input
fact data. In a first scenario, rows exist 1n the fact data for a
particular element, and the measurement expression, such as
sum, avg, min, max, vields a non-null value normal data
point. In a second scenario, rows exists 1n the fact data for
a particular element, and the measurement expression, such
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as sum, avg, min, max, vields a null value and the system 1s
configured to convert nulls to zeros yielding a normal data
point with a value of 0.0. In a third scenario, rows exist in
the fact data for a particular element and the measurement
expression, such as sum, avg, min, max, yields a null value
and the system 1s not configured to convert nulls to zeros, or
rows do not exist 1n the fact data for a particular element but
the 1nterval stabilized, both resulting 1n a missing data point
which can be handled as described supra. In the fourth
scenario, no rows were received 1n the fact data for that
interval at all because the measurement never stabilized,
resulting 1n a missing interval.

[0092] Further continuing with the description of special
processing, data outliers that are out of the range of expected
fact data can be handled by setting data samples to the
three-sigma level or four-sigma level. In one implementa-
tion, a weekly data model utilizes fifteen-minute 1ntervals
and data collected over the past week, waits forty-eight
hours to ensure that a full set of data has been collected, and
substitutes last average value data in place of data anomalies
such as unexpected zero measurements. In one example, an
outlier value of one hundred can be scaled to ten, after
applying the three-sigma rule to the anomalous data. Bursts
of data into the input data queue are normal for mobile
communications networks so special handling 1s not
required to accommodate this behavior.

[0093] FIG. 16 shows excerpts from an example user
interface that reports QoE measurements and an alert state
1626 for momtored subscriber groups 1612, for monitored
cell’eNodeBs 1632. FI1G. 16 also shows a popup dialog 1686
suitable for drilldown from key quality indicators to details
of an imndividual user’s experiences. In this example, data for
a specific cell 1644 1s shown 1n the drilldown window 1664
in the bottom portion of FIG. 16.

[0094] Next we describe a computer system usable to
evaluate the customer service experience for individuals and
for cohorts of users of data communication services 1n a
wireless communications network.

Computer System

[0095] FIG. 12 1s a ssmplified block diagram of a computer
system 1210 that can be used for alerting a network operator
to deteriorated wireless network conditions with granularity
and reduced false alerts, according to one implementation of
the technology disclosed.

[0096] Computer system 1200 includes at least one central
processing unit (CPU) 1272 that communicates with a
number of peripheral devices via bus subsystem 1255. These
peripheral devices can include a storage subsystem 1226
including, for example, memory devices and a file storage
subsystem 1236, user interface mput devices 1238, user
interface output devices 1276, and a network interface
subsystem 1274. The input and output devices allow user
interaction with computer system 1200. Network interface
subsystem 1274 provides an interface to a communication
network 1284, and to corresponding interface devices in
other computer systems.

[0097] In one implementation, the network towers of FIG.
1 can be commumicably linked to the storage subsystem
1226 and the user interface mput devices 1238. User inter-
face mput devices 1238 can include a keyboard; pointing
devices such as a mouse, trackball, touchpad, or graphics
tablet; a scanner; a touch screen incorporated into the
display; audio input devices such as voice recognition
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systems and microphones; and other types of input devices.
In general, use of the term “input device” 1s intended to
include all possible types of devices and ways to input
information into computer system 1200.

[0098] User interface output devices 1276 can include a
display subsystem, a printer, a fax machine, or non-visual
displays such as audio output devices. The display subsys-
tem can include an LED display, a flat-panel device such as
a liquid crystal display (LCD), a projection device, a cathode
ray tube (CRT), or some other mechanism for creating a
visible 1mage. The display subsystem can also provide a
non-visual display such as audio output devices. In general,
use of the term “output device” i1s mtended to include all
possible types of devices and ways to output information
from computer system 1200 to the user or to another
machine or computer system.

[0099] Storage subsystem 1226 stores programming and
data constructs that provide the functionality of some or all
of the modules and methods described herein.

[0100] Memory subsystem 1222 used 1n the storage sub-
system 1210 can include a number of memories including a
main random access memory (RAM) 1232 for storage of
instructions and data during program execution and a read
only memory (ROM) 1234 in which fixed instructions are
stored. A file storage subsystem 1236 can provide persistent
storage for program and data files, and can include a hard
disk drive, a floppy disk drive along with associated remov-
able media, a CD-ROM drive, an optical drive, or removable
media cartridges. The modules implementing the function-
ality of certain implementations can be stored by file storage
subsystem 1236 1n the memory subsystem 1222, or in other
machines accessible by the processor.

[0101] Bus subsystem 1255 provides a mechanism for
letting the various components and subsystems ol computer
system 1200 communicate with each other as intended.
Although bus subsystem 12355 1s shown schematically as a
single bus, alternative implementations of the bus subsystem
can use multiple busses.

[0102] Computer system 1200 itself can be of varying
types including a personal computer, a portable computer, a
workstation, a computer terminal, a network computer, a
television, a mainirame, a server farm, a widely-distributed
set of loosely networked computers, or any other data
processing system or user device. Due to the ever-changing,
nature of computers and networks, the description of com-
puter system 1200 depicted 1n FIG. 12 1s intended only as a
specific example for purposes of illustrating the preferred
embodiments of the present invention. Many other configu-
rations of computer system 1200 are possible having more
or less components than the computer system depicted 1n

FIG. 12.

[0103] The preceding description 1s presented to enable
the making and use of the technology disclosed. Various
modifications to the disclosed implementations will be
apparent, and the general principles defined herein may be
applied to other implementations and applications without
departing from the spirit and scope ol the technology
disclosed. Thus, the technology disclosed 1s not imtended to
be limited to the mmplementations shown, but i1s to be
accorded the widest scope consistent with the principles and
teatures disclosed herein. The scope of the technology
disclosed 1s defined by the appended claims.
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Some Particular Implementations

[0104] Some particular implementations and features are
described 1n the following discussion.

[0105] In one implementation, a disclosed method {for
alerting a network operator to deteriorated wireless network
conditions with granularity and reduced false alerts includes
receiving tracked performance indicators for multiple com-
ponents of at least voice, data and messaging over a cellular
network. The method includes accessing a mapping of the
performance indicators to key quality indicators (KQI).
Performance indicators are also referred to as key perfor-
mance indicators (KPI) in some implementations. The dis-
closed method also includes combining the performance
indicators, according to the mapping, nto quality sub-
indicators for individual users and into key quality indicators
for the individual users. Sub-indicators are referred to as sub
KQIs 1in some implementations. The disclosed method fur-
ther includes smoothing the current key quality indicator
measures of performance over time to reduce impact of brief
transitory events and accessing a weekly KQI profile of key
quality indicators. Also, the method includes comparing
KQIs for a current time window to past KQIs for a corre-
sponding time window in the weekly KQI profile for the
individual users operating mobile devices 1 part of the
cellular network that 1s a focus of interest. Based on the
comparing, the disclosed method includes generating alerts
that report out-of-range current KQIs [means] within the
focus of interest that are persistently out-of-range longer
than a configurable time. Out-of-range for a current KQI
refers to a KQI value that 1s beyond a mean value plus a
configurable vanance (standard deviation) from the mean
for the KQI value, 1n one implementation. The range of
values allowed within which a value 1s not designated as an
out-of-range current KQI can be configurable in some
implementations. Out-of-range values represent situations
which outside a range in which the mobile network func-
tions eflectively, 1n one implementation.

[0106] This method and other implementations of the
technology disclosed can include one or more of the fol-
lowing features and/or features described 1n connection with
additional methods disclosed. In the interest of conciseness,
the combinations of features disclosed 1n this application are
not individually enumerated and are not repeated with each
base set of features.

[0107] For some implementations of the disclosed
method, thousands to millions of users 1n a cohort are within
the focus of interest. In another case, at least hundreds of
users using a particular cell tower are the focus of interest.
[0108] For some implementations, the disclosed method
includes monitoring of the individual users, including count-
ing instances for each individual user 1n which the KQIs are
out of range for longer than a predetermined time, and 1n
some cases contacting the user when the counted instances
exceed a configurable limit. For one implementation, moni-
toring can be ongoing. In another implementation, monitor-
ing can be set up as periodic monitoring of single users, and
counting 1stances for a single user in which the KQIs are
out of range for longer than the predetermined time. In one
case, when the counted instances exceed a configurable
limit, a network operator can configure the system to send an
alert to customer relations with alternative contact options,
optionally with a recommended option, and responding to an
option selection by imtiating the contacting the user.
Another option can include sending customer relations alter-
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native resolution options, optionally with a severity escala-
tion but no individualized action, and responding to an
option selection.

[0109] One mmplementation of the disclosed method
includes receiving separately tracked performance indica-
tors for voice communications, short message service (ab-
breviated SMS) and data service experienced by the indi-
vidual user, and 1n some cases can also include VoIP service.
Some 1mplementations include accessing a mapping of the
performance 1indicators that include a mapping through
intermediate quality sub-indicators (abbreviated SKQI) to
key quality indicators.

[0110] One implementation of the disclosed method
includes monitoring of cell tower transmission areas as the
focus of interest, detecting decreased successiul activity
within a cell tower transmission area reflected by the KQIs,
and generating an alert when the decreased successiul
activity level 1s persistently out-of-range for longer than a
configurable predetermined time. As used herein, out-oi-
range refers to KQI values that represent a limit beyond
which the wireless network conditions are at least sub-
optimal, are 1n some cases not useful, and in other cases not
usable. In some scenarios, values that represent an out-oi-
range activity level can be configured by a network operator.
In one example case, for holidays and other extraordinary
time windows, an override can be applied to compare the
current KQIs in a time window to the override of the weekly
KQI profile; for dates such as December 25 and to Thanks-
giving Day 1n the US. Another option for handling such
dates 1s to exclude those dates from the KQI calculations,
and using means and variances from the previous week
instead.

[0111] Some mmplementations of the disclosed method
include the weekly KQI profile reflecting an average
between corresponding time windows over at least two
weeks. The average 1s the central value. For example, the
average lfor a value representing the time window of 10
am-10:15 am on a Tuesday 1s calculated by adding the value
representing that time window on one Tuesday to the value
for the same time window on the following Tuesday, and the
sum 1s divided by two.

[0112] Several implementations of the disclosed method
include the weekly KQI profile handling missing perfor-
mance indicators by substituting last average values for the
missing performance indicators, and can include handling
out-of-range performance indicators that are more than four
standard deviations from a mean value for the KQI by
substituting values that are in a range of three or more
standard deviations from the mean value. In one implemen-
tation, the substitute values are in a range of three or four
standard deviations from the mean value.

[0113] In another implementation, a disclosed system
includes one or more processors coupled to memory, the
memory loaded with computer instructions, when executed
on the processors, implement actions of the disclosed
method described supra.

[0114] In yet another implementation a disclosed tangible
non-transitory computer readable storage media 1s
impressed with computer program instructions that, when
executed on a processor, implement the disclosed methods
described supra.

[0115] The technology disclosed can be practiced as a
system, method, or article of manufacture. One or more
features of an implementation can be combined with the
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base implementation. Implementations that are not mutually
exclusive are taught to be combinable. One or more features
of an implementation can be combined with other 1mple-
mentations.

[0116] While the technology disclosed 1s disclosed by

reference to the preferred embodiments and examples
detailed above, 1t 1s to be understood that these examples are
intended 1n an illustrative rather than 1n a limiting sense. It
1s contemplated that modifications and combinations will
readily occur to those skilled 1n the art, which modifications
and combinations will be within the spirit of the innovation
and the scope of the following claims.

We claim as follows:

1. Amethod for alerting a network operator to deteriorated
wireless network conditions with granularity and reduced
false alerts, including;

recerving tracked performance indicators for multiple
components of at least voice, data and messaging over
a cellular network;

accessing a mapping of the performance indicators to key
quality 1ndicators (KQI);

combining the performance indicators, according to the
mapping, into quality sub-indicators for individual
users and into key quality indicators for the individual
Users;

smoothing current KQI measures of performance over
time to reduce 1mpact of brief transitory events;

accessing a KQI profile of key quality indicators;

comparing KQIs for a current time window to past KQIs
for a corresponding time window 1n the KQI profile for
the individual users operating mobile devices 1n part of
the cellular network that 1s a focus of interest;

monitoring the individual users by counting instances for
cach individual user 1n which the KQIs are out of range
for longer than a predetermined time; and

based on the comparing, generating alerts that report
out-of-range current KQIs within the focus of interest

that are persistently out-of-range longer than a configu-
rable time.

2. The method of claim 1, wherein thousands to millions
of users 1n a cohort are within the focus of interest.

3. (canceled)

4. The method of claim 1, further including contacting the
individual user when the counted instances exceed a con-
figurable limiat.

5. The method of claim 1, further including recording an
alert for the individual user when the counted instances
exceed a configurable limut.

6. The method of claim 1, wherein at least hundreds of
users using a particular cell tower are the focus of interest.

7. The method of claim 1, further including accessing a
mapping of the performance indicators that include a map-
ping through intermediate quality sub-indicators (SKQI) to
KQIs.

8. The method of claim 1, further including

monitoring of cell tower transmission areas as the focus of
interest,

detecting decreased successtul activity level within a cell
tower transmission area reflected by the KQIs, and

generating an alert when the decreased successiul activity
level 1s persistently out-of-range for longer than a
configurable predetermined time.



US 2020/0099572 Al

9. The method of claim 1, further including the KQI
profile reflecting an average between corresponding time
windows over at least two weeks.

10. The method of claim 1, further including the KQI
profile reflecting handling missing performance indicators
by substituting last average values for the missing perior-
mance indicators.

11. The method of claim 1, further including handling
out-of-range performance indicators that are more than four
standard deviations from a mean value for the KQI by
substituting values that are 1n a range of three to four
standard deviations from the mean value.

12. A tangible non-transitory computer readable storage
media impressed with computer program instructions that,
when executed, objectively evaluate customer service expe-
rience with data communication services in a wireless
communications network, icluding:

receiving tracked performance indicators for multiple

components of at least voice, data and messaging over
a cellular network;

accessing a mapping of the performance indicators to key

quality indicators (KQI);

combining the performance indicators, according to the

mapping, into quality sub-indicators for individual
users and mto KQIs for the individual users;
smoothing current KQI measures ol performance over
time to reduce impact of brief transitory events;
accessing a KQI profile of key quality indicators;
comparing KQIs for a current time window to past KQIs
for a corresponding time window 1n the KQI profile for
the individual users operating mobile devices 1n part of
the cellular network that 1s a focus of interest:
monitoring the individual users by counting instances for
cach individual user 1n which the KQIs are out of range
for longer than a predetermined time; and
based on the comparing, generating alerts that report
out-of-range current KQIs within the focus of interest
that are persistently out-of-range longer than a configu-
rable time.

13. The tangible non-transitory computer readable storage
media of claim 12, wherein thousands to millions of users 1n
a cohort are within the focus of interest.

14. (canceled)

15. The tangible non-transitory computer readable storage
media of claim 12, further including contacting the indi-
vidual user when the counted instances exceed a configu-
rable limat.
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16. The tangible non-transitory computer readable storage
media of claim 12, further including recording an alert for
the individual user when the counted instances exceed a
configurable limit.

17. A system for alerting a network operator to deterio-
rated wireless network conditions with granularity and
reduced false alerts includes one or more processors coupled
to memory, the memory loaded with computer instructions,
that when executed on the processors, implement:

recerving tracked performance indicators for multiple

components of at least voice, data and messaging over
a cellular network;

accessing a mapping of the performance indicators to key

quality indicators (KQI);

combining the performance indicators, according to the

mapping, nto quality sub-indicators for individual
users and 1nto key quality indicators for the individual
Users;
smoothing current KQI measures of performance over
time to reduce 1mpact of brief transitory events;
accessing a KQI profile of key quality indicators;
comparing KQIs for a current time window to past KQIs
for a corresponding time window 1n the KQI profile for
the individual users operating mobile devices 1n part of
the cellular network that 1s a focus of interest;
monitoring the imndividual users by counting instances for
cach individual user 1n which the KQIs are out of range
for longer than a predetermined time; and
based on the comparing, generating alerts that report
out-of-range current KQIs within the focus of imterest
that are persistently out-of-range longer than a configu-
rable time.

18. The system of claim 17, wherein at least hundreds of
users using a particular cell tower are the focus of interest.

19. The system of claim 17, further including accessing a
mapping of the performance idicators that include a map-
ping through intermediate quality sub-indicators (SKQI) to
KQIs.

20. The system of claim 17, further including

monitoring of cell tower transmission areas as the focus of

interest,
detecting decreased successtul activity level within a cell
tower transmission area reflected by the KQIs, and

generating an alert when the decreased successiul activity
level 1s persistently out-of-range for longer than a
configurable predetermined time.
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