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POWERED BYMACHINELEARNING

OPENSONPOWERED BY ADVANCEMIACHINE LEARNING
BECOMESA VITAL STRATEGI®DL IN THE REALIZADN AND
EXPLOITATION 0BG

5G is comingnd promises new exciting customer applicatibnsiness models and sources of revenu
for advanced carrietsAt the same time, & brings a level of complexity thiatst generation, rulebased
RANmanagementystems cannot cope with. A paradigm shifinisvitable where instead of relying or
localized pointsolutionsfor solvingconfiguration andoptimization challengesjew HyperAutomation,
business contextual solutions are needed.

Thesenew generation ofolutionswill access a multiple array of inputs g$gnthesizeemerging patterns
and correlations in a dynamimulti-layered RAN. It will learoy itself the most effective way to optimize
a multHlayered wireless networdriven by a widearray of business scenagicand it will enable multiple
Al and ML powered inputs to dictate new optimizations and management.

We call these solutisdOPEN SGN



5G IS COMING,GETREADY!

As if mobile networks were not already complex enoughi Q& | 6 2 dzii  in®resAng-5GI  f 2
is coming!some aspects of 5G ar®t defined indetail right now, but 5Gis on its way and Mobile

Network Operators (MNOs) nedd be ready for itand position themselvego reap itspotential

benefits as rapidly as possible

Thisalsomeans thatMNOs,communication technologpartners andsendorscannot afford to waste
time in starting to engage with théechnologicalchange and challenges thaa 5th generation of
mobile networkswill bring. They cannot afford to wait for tHmer details of the 5Gstandardsbefore
starting to consider how theisolutionsmust evolve, owhat new featuresand functionality will be
required to unlock thesignificant potential of 5G to improve both mobile network performance and
end customer experiencas well as new business models that 5G might support

It means thatforward-thinking communication technologyartners andvendors must begin to
exploreand embracewvays toexploit what 5G technologganbring - and here, Cellvwe is already
ahead of thepack

At a very fundamental level, Cellwize recognizedhtigechallenges that MNOs wilhdoubtedlyface
in tryingto deploy and effectively manage yet another layemafelesscomplexityon top of several
existing layers ofechnology and legacy equipméntTo Cellwize, 5G represerttge tipping point
wherethe existing rulebased point-solutionmodelsof Self Organizing Networks (SQidase to be
effective.

Ly GSN¥Ya 2F { hb Q35Géjurdsap&atigndhiit @t 2 LIY Sy
demands that Centralized and Hybi@®ON becoméntelligent, contextually
driven with a capacity for rapidearnng andfully autonomous capabilities

Dictionary Meaning:

Paradigm Shift

noun

1. afundamental change in approach or underlying assumptions.
2. '"geophysical evidence supporting Wegener's theory led to a
rapid paradigm shift in the earth sciences”

1 e alsodOn the road to &: The emerge ofiyper-automatiorg, Cellwize
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WHAT IS DRIVING 5G?

Inthe recentMcKinsey&/ 2 YLJ- y @ Q& LJ- LISNJ & ! NBollidgspAdDas B Meéregd F 2 NJ p D
D. Pate|] 201§ four important drivers oruse cases for 5Gwere identified: Enhanced mobile
broadband, Internet of Thing$OT), Mission critical control and fixed wireless access.

i Delivering a superior service to customers in terms of significantly
Enhanced mobile broadband enhanced speed, reduced latency and increased volumes in a new
world of UHD video streaming, real-time VR, on-the-go gaming etc.

) Supporting the exponential growth anticipated in the number of
Internet of thlngs (lOT) embedded mobile devices that will require interconnection, such as
smart meters, remote car telemetry and other B2B applications.

Enabling critical mobile applications that require virtual real-time
Mission critical control connectivity (very low latency) in a growing number of different time-
critical contexts (medical, vehicle management etc.).

" N Utilising millimetre wave spectrum to deliver very high data speeds
Fixed wireless access (100Mbps) to customers served only by copper and in locations

where access to fiber is restricted or does not exist.

The rollout of 5G networks will of course be crititakealizing the fulcommercialpotential of new
revenue sourcehiowever, as the paper argues, building a positive business case for this massive
investment in a newgeneration ofwireless technologyresents costonscious MNOwith a real
challenge.

It is highly unlikely that the significant uplifts in data speeds and simultaneous connections that 5G
brings will see a corresponding increase in customer revenues. Revenue increases are lilkely to b
marginal at best, especially if MN@ish to remain cormpetitive with their peers.

With such a limitedpredicted return on investment(ROI) capital CAPEXand operational QPEX
budgets allocated by MNOs to deploy and support 5G networksatilbe abé to grow from their
currentlevels MNOs will need a carefy thought out strategy that aims to maximize ROI for deployed
5G assets whilst getting the most out of their existing engineering resaurce

A new generation agdmartSON solutions will playmvotalrole inrealizinga 5G
strategy by incorporating into its software model the intelligence needed to
comprehensively automata a fully autonomoudashion theprovisioning and
optimization of a multlayered radicnetworks.

5G & THE SON CHALLENGE

LG Aa OfSIFEN GKIG pD gAff ONAYy3I NBYFENJF6ES REFEGLE
with it will come major challenges for MNOs in terms of how they can effectively manage yet another
layer of wireless technology (5G) on top of the mldtiered complexity they alreadganage (2G, 3G

4G & 4.5Q. It will introduce new technologies ammg themMillimeter waves,Small Cells, Massive

MIMO, Beamformingand Full Duplex capabilities The arrival of 5G comes at the same time when
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MNOs are required taontinue to deliver a superior network experience to customers with the
existing resources available to them.

Millimeter Waves

>

Small Cells
Massive MIMO SON 2.0

Artificial Intelligence (Al)

Full Duplex and Machine Learning (ML)

5G

Beamforming . Model incorporating

SON Evolution
Hyper Automation

SON 1.0

Rule-based Model

5G will bring a level of complexity not experiendgdMNOsbefore: Millimeter waves will introduce
brandnew frequency bandand network topologythere is likely to be a major deployment of many
thousands & Small Cellsmassive MIMO arrays will significantly increase the number of logical
antennas to be managedieamforming will require additional planning effodnd Full Duplex will
undoubtedly presentealradio interference challenges.

To maintain asuperior network experience and to be responsive to ever greater consumer and
business demandsn a & S @S NE K A y 3world 2WNQSack(i rBoRkdy quickly to exploit
infrastructureenhancing technologies such as Software Defined Networking (SDN) and Network
Function Virtualization (NF\A. virtualizedand centralized5G RAN will provide MNOs with thbility

to slice their network, enablingthem to createpartitioned services that are uniquely tailored to
supportinnovative use cases such as IOT, automated eatgnced streaming servicesnd many

others

Whilst ultra-fast data speeds, low latency amdassively increased connectioase unlikely on their
own to justify themassiveinvestment in 5G, théugepotential SDN and NFNave toeffectively and
efficiently supportthe creationof new and innovativebusiness and consumer propositioasd

channeling new revenue streams is only just starting to be explored.

/[''b ¢h5!  QFONMCOBE?{ h[ |

1stgenerationCentralized and Distribute8ION solutions with thepoint-basedule-based algorithms

have already played a significant role in helping many MNOSs to enhance their network performance
and automation delivering their customers auperior experience across 2G, 3G and 4G RAN
technologies. The automation of many RAN proesdsas also allowed them to realize some
operational efficiencies. Buthat will happen ir6G?
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Defining a comprehensive set of rules 6&ON to optimizéuture network compéxity in the context
of shiftingits orientation from wirelesslayers toslicedd SNIZA OS & feéadiblelidk adworkd &fy Q (i
virtualized5G.

Smart SON must learn for itself ...

... the dynamic
characteristics of the
multi-layered
network and decide
what actions to take
to deliver a superior

... to detect new
infrastructure, such
as a small cells, to
determine anideal
configuration and to
rapidly provision it in
a zero-touch and fully

... how sliced network
elements interact in
the context of
delivering a service
and then optimize
these elements to
deliver the best

customer experience.

autonomous way. service possible.

[ SGQa G 1S maksiven&uivik denKifi€atiof eeded in the context of deployimew
4.5G/5G technologyMany MNOs alreadyhave mass densification itheir RANstrategy with the
objectiveto deploy manytens ofthousands of small cell$o a point that in many coverage areas the
concentration of cells will far exceed 106lIsin a square kilometer.

In such celblense areas, a newly deployed small ¢elange
interact, or interferes,with many other cellqlight blué). In
order to interact in an effective way, af these cells would
require iterative reconfigurations in der to successfully
optimize the area. Deploy two small cells in close proximity and
the number of iterative reconfigurations expands significantly.
Now multiply this by an aggressive program of small cell
deploymentand the complexity becomes unimaginabie this
context itis no longerfeasible forscripted, rule-based SON
solutions let alone an army oéxperiencedRAN engineergo
keep up withand addressthe sheer number of network
iterations required to supporsuchrapid densification.

Asaresult,Conceptsuch as Atrtificial Intelligence (AY)achine Learning (Mland Deep Learning (DL)
need to become théoundationof a new model ohew generation o5ONsolutions

If SON igdo play a key strategic role in managing the complexities of 5G and
enabing the exploitation of itssignificant benefits for both consumers and
businessthen it must be engineered with the capacity to think and learn for
itself.

“SON Solutions must become the

o |
o analysys _ :
brains of the network

e MaAson
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Al & MACHINE LEARNING THE BASICS

Perception

Al The ability of a machine
or software to perform Reasoning

Art|f|C|a| the cognitive functions

that are normally ascribed | bt

Intel“gence to Human Beings Interaction

From a chronological perspective, Atrtificial Intelligence fifd) emerged as a concept back in the

1950s with the emergence of first statgorogram electronic computers. Machine Learning (ML) first

F LILISEFNBR Ay GKS 1G4S moppna 6A0GK CNIXyl w2aSyofl
artificial neural network that coul® F F SOGA @St & f SI Ny 2y latel®sthaty ® . dzi
ML began to be exploitedhoughalways constrained by limitations in computing power.

o LA W=

o o =
Artificial Intelligence Machine Learning Deep Learning
Early artificial intelligence Machine learning Deep learning breakthroughs
generate excitement begins to flourish drive Al hype

1 1 1 1 1 1 1 1 1 1
1950’s 1960’s 1970’s 1980’s 1990’s 2000’s 2010’s

It was the convergence of greater processing power, ma&iiyPata storage capability, ever more
sophisticated learning algorithms and of course tgrewth of theinternet at the beginning of this
decadethat laid the foundations of Deep Learning (DL). Compared to ML, DL is able to process a far
wider range of inputaitilizing its own multlayered neural networks to distinguish, recognize and
process patterns in vast oceans of complexity and produce far meeningfulresults.

Companies such as Facebook, Amazon & Google have successfully exploitedaAd DALin their
business models, building a unique profile of their users and customers and then leveraging this
knowledge in their systems to both enhance customer experience and maximize revenue streams in
a way that would simply not be possible without Kithe telecommunications industry is as serious

as theseinternet-era businesses in drivinigetter customer experience and exploiting new revenue
opportunities,then it has no choice but to embrateose capabilitiesn its future strategy.

Modern telecanmunicationsinfrastructure, especially in the context of radio access technology
(RAN) is highly commx. There are multiple architecturesesulting frommultiple generations of
technology (2G, 3G, 4@.5Gand soorbG) across multiple RAN vendor equipméime Industry idast
approaching a point where the technological complexity of wireless networks moves béyend
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currenta b h engineering ability teffectivelymodel and prescribe rules for. if there is no glution
for this then network performance and customer experience will undoubtedly deteriaradeagnant,
and even worse the promise of the new 5G driven business scenarios will not be fulfilled

Artificial intelligene, especially its learning qualities (ML & Ddffers a solution for the next
generation of OSS, including SON.

By applying Mlo the vastdatalakescollected from radio and core network infrastructure, specialized
learningalgorithms will be able to detect emergeratdio patterns and learn how to make prediahs,
probability scoringand recommendations in terms of optimizing wairelessnetwork rather than
receiving rulebased instructionsEvenML algorithms become setiptimizing as they continue to
process vast quantities of data arfthe tune their predictions and recommendations (I K I i Q &
Machine Learning!

Types of Machine Learning (ML)

Algorithms are trained with human intervention to

Supervised . . . . .
. . establish predictive relationships between multiple
Learning . . .
input data variables and an output data variable. 5
. Inferring structure from unrelated datasets, the
Unsupervised . . o e
. algorithm identified groups of data that exhibit similar
Learning . . .
and corresponding behaviour (correlation).
; Algorithm Action
. An algorithm learns to execute a task by increasing the ¢
Reinforcement ) ) ) L
. rewards received for its actions (a positive feedback
Learn'ng Reward
loop).
State | Environment I

It is becoming clear thatrgineering ML& DLcapabilitiesnto the corefunctionof SONmust become
afundamental aspect diuture SON development stratégs By doing sot will enableSONo rapidly
andrelentlesslylearn how best to optimize complex radio networksd emerging slicing scenarjos
to continually improve itself iseamlessly integrating all wireless technologresuding 5Gn a way
that maximizes customer experienaad nev revenue streams to the carriers

Furthermore, mcorporating ML into SON will allow libok beyond multiple layers of wireless
technology and to learn tdifferentiate the variousvirtualizedservices that slice across these layers.
This will enable SQlfor exampleto optimize and deliver the best possibieice and videservices,

as opposed to the best possikileroughput
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Radio Layer Oriented Approach Service Oriented Approach

= Automative

WiF] = internet Connectivity

Enterprise * Healthcare
Oriented + Pubdic Safety
5G * Internet Connectivity » Financial Services
= Media/oTT
= VYgice .
LTE » Internet Connectivity Focused Service = spatify
- {]riented = Metflix
UMTS ® Internet Comnectivity ST
GSM Vetse Basic Service  «voice

= Internet Connecthvity Provider = Internet Connectivity

Finally ML will enable SON to leafor itselfhow best to adapt to the context into which it is deployed

so that it can effetively orchestrate its centralizedptimization and automation functions with SON
FSFGdz2NBa | OGABS Ay (KS NIRA2 @OSYyR2NDa Ay TNI aidNd
systems that interact with the networlAs it continues to learrS5ON will be able to differentiatan

array ofoptimization scenarios and decide for itself how best to orchestitatautomatedsolutions.

Cellwize fundamentally believes that and ML must be incorporated into the
heart of its SON solution in orderdnable MNOs to cosdffectively realize their
5G strategies in a way that maximizes customer experiamcestreamline
operations

THE EVOLUTION OFOPEN SON
POWERED BY ML

SON 2.®AND OPEN SON

Theearlygeneratiors of SON were very muditack boesstuffed with a set oheuristic rulesoften
providing single functionsvith limited inputs (PM counters) and very limited outputs (added or
removed neighbor relationshuckily, the industry hasioved on since then!

Cellwize was instrumental in bringing to the market a far enegrsatile, multicapability SON based

on an open architecturand incorporatingirtualized software (Cellwi28ONCloud was announced
back in 2016)Cellwizeopened its environment to Bi@ata utilizing leading edge crowdsourcing
techniques such as those offereditsyownCrowdViewsolution, or any othei3™ party applicationfo
enhance its SON algorithms. It also recognized the value of supporting its customers in
comprehensivelyransformirg their business processes to realize the major operational efficiencies
that SON automation can bring, developing its oBmsiness Transformation ProcesBTH
methodology to deliver that-urthermore, Cellwize started focusing on the business problefriliea

MNO is facing (e.g. loguality VOLTE calls) and not on the means to achieve it, which is an
orchestration of various point parameter changes throughout the network cluster.
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Now, with the imminent arrival of 5G and its
Open SON 2.0 associated challengea newsmarter generation
of SON is required and Cellwize is already leading
the way in realizing this. A new open
Open API @ ﬁ architecture is being developed BON 2.Ghat
will incorporate Al and ML intothe heart of
/ St f ¢operafin@ nodelas well asa SON
— platform that will be open to 3rd party data
3'd Party Data Analytics analytics solutions and algorithms. Cellwize
recogrizes that there are a growing numbef
partners andvendors out there with mature and sophisticated data analytics platforms already
deployed in MNOs, picessing vast sources of data and revealing new and useful insights about their
customers and networks. It would libe proper evolution patHfor SONsolutionsto engineer the
capability to import and utilize these insights in a way that can only enhdrecevdy SON optimizes
the wireless network.

FROM SCRIPTS TO NEXR

Until recently, RAN planning and optimization processes
Measure | have been relatively stable and well understood even
through the evolution 02", 3 and4" generation wireless
networks.As a resulof this,cSONsolutionshave been able

to utilize their knowledge and expertise to create rule
based algorithms that utilize limitesheasurementinputs
SalcuaE such as PM countets effectively optimize the RAN. This
was the essence of SON 1.0 andviddue to MNOs was
clear, automating previously manual radio optimization
tasks in a way that saves MNOs significant time and effidre basis of its business case was
Operational Efficiencgnd, in some cases, improved NetwdrlgineeringkPls

However,it is clear that wireless netwosihave already reached a level of technological complexity
that rule-basedoptimizationalgorithms are struggling to cope with. A point is fast approaching where
the dynamicreakime interaction of multiple layers of wiregs technology will move beyond the
ability of even thecleverestof radio engineers tasolate specific radio characteristicsffectively
model themand be able tavrite and applyrule-basedoptimizationalgorithms with a higlprobability

of a positive outcomelf SONvendorsfail to evolve their solutions to embrace thigpidly growing
complexity in new and innovative waythe impactto MNO networks couldeventually become
negative
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So,aParadigm Shift is required in order for
SON not only to accommodate this growing
wireless complexity but to become a
valuable and integrated part of a MNOs
strategy to unleash the benefits afiew
networks such a$G First, SONmust be
able t.o incorporatelegding edge A& ML

techniquesto enableit to create its own
Organic Automation Mdel fueled by a
capacity to learn,comprehensively and continuajlghe intrinsic dynamism of muHlayered or
heterogeneouswireless networksSecond,SON must become Open, able to process multiple real
time sources of information to facilitate thmachine andieep learningechniquesnecessary to assess
the performance of, improve the efficiency,aind generally augment the organic automation model
isat the core of SO.0.

In the new paradigm of SON, vendor and MNO expertise are no longer required to engage their efforts
in devising new rulbased optimization algorithms. Instead, their effontdl be directed towardghe
establishment of new learning mechanisms that wilable organic automation models to grow and
improve. This organic growth can then be monitored and steered depending upon the strategic needs
of the MNO.

Deep Analytics
Flexible Operation
Solutions Deduced

Multiple Data Sources

Organic Improving Model

Learned Automation (Al & ML)

REAITIMEACCESS TO DATA

As SON evolves to becoreger smarter and faster, as it musb fully exploit the benefits of new
wireless technologies for MNO customairsd business model# will place even greater demands on
MNOs to delivela wider array ofnput data. To exploit a smarter SOMNOs willneed toprovide
access tanultiple data sources, both internal and exterrialirthermore, it is imperative to have the
access to such information in ret#he fashion, now and always!

That being saidjeliveringand attempting to process massive amounts of {tgak data can be costly
to the MNO and is unlikely to be conducive to an organic automation model trying to make sense of
it all ¢ even in thecontextof ALand ML, thereis such a thing as too much da@learly a balance will
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need to be struck between what data and in what granulacéip bereasonablydelivered by MNOs,
and what specific data inputs are more likely to facilitatel maximizéearning in SON.

S, it isvitallyimportant for SON vendors, as they develop evolve their solutions towardasmart
and open SONalso to use theiown knowledge and experience to develop sensible data input
strategies that are practical and cesffective for MNOs to deliveandprovide the necessary breadth
and granularity of data to maximize learning and reap the practical benefits of Open SON.

Moving tovardsnear reattime acquisition ofdata is essential if the full benefits
of SON 2.0 are to be realized.

CELLWIZE &PEN SON

With the advent of 5GCellwize fully understands the need foparadigmshift - and in SON 2,@his
shift is already being realizénthe new Cellwize Open SON Platform:

e Customer Experience Advanced Operations e
Predictive SON : e : Auto-Classification
- Analytlcs Optlmlzatlons il

Cellwize Open SON Platform
ervices Gateway

Open SON API
- o
iy ook !Scala
538 '
e += .
§ < 9HSas R u

Open Platform

The Open SON platform incorporates @rganic Automation Mdel thatis designed tdully utilize
the power of ML as practicalstrategyfor:

Enable reatime autonomous SON Applications
Tune wireless networks based on predictive insights and measurements
Automate largescale manual classification work

Optimize SON user experiencand operational costof the cloudbased infrastructure
supporting the virtualized RAN

> > >
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SON ML Applications

Customer
Predictive SON Experience
Analytics

Advanced Operations Auto-
Optimizations Automation Classification

Furthermore,Cellwizerecognizes the need ansignificantbenefit of its Open SON platforrheing
completelyopen to multiple external sources of data that aamly deepen and enhance the Organic
Automation Model

The rationale for a SON Open ML Framewodsifollows

>~

MNOs will be free tautilize their own modelsor develop 3rd party models, utilizing existing
assets where beneficial and cesffective

MNO models cantilize SON platform assets via a flexible API

External SON models can be executed as part of an advanced operational user interface
MNOs, via an open interface, can use their technology of choice.

> > >

SON Open ML Framework

Provisioning SON Dynamic

PERFaas Gateway Orchestration Modules

Utilizing the unique Al & ML capabilities of its Open SON platform, Cellwize is nopNghey to
develop andealizeinnovativeand practicalearningbaseduse cases designed to operate completely
autonomouslyand in neaireal time.A few example$or the incorporation of Al & ML capabilitiean

be found below:

Mobility Load Balancing (MLB)orks by SON learning hotraffic loads are normally distributed
across cell site sectors based on time of day and day of week &d tizan then predict sore and
optimize sector loads in parallel with and not reacting to changes in sector load over time.

Automatic Neighbor Relation(ANR) utilizes ML bgontinually assessing the efiiency of added
neighbors and the radio context into which they are deployed and then optimazidgrefining the
provision of new neighbors deployed in similar radio contexts.

Remote Electrical Tilt (RET§ based on SON learnirgnormalized traffic distributioracross cell
sectors in a geographical area or cluster #meh predicting and implementing selective antenna tilts
to deliver the most optimum distribution of traffic across cells in that cluster.

2018 | WHITE PAPER| OPEN SON POWERED BY MACHINE LEARNING 12



Happy Commutersises ML tdearn andcategorizehe characteristics adtationary and moving users,

with this learning itself being refined by external crowdsouratsta. If a higher proportion of
customers are classified é&sn the mové then appropriate mobility parameters can bepliedto the
network accordingly to give those customers a better experience. The plots below show the obvious
value of this MLusecase:

oSites Like Thisuses ML to correlate differertell site deploymentand configuratiorscenarios with

the various radio network contexts into which cell sites are deplayed configuredBy learning and
refining this association SON can effectively predict and apply the most appropriate cell site
configurationbased on its assessment of specific radio congext conditions.

Zero TouctDeployment of new cells, sites, carriers, banakilizes ML to associate changes to settings
in MNO networkdatabases with theleploymentof new RANelements Based on database changes
detected it can classify the type aflement deployedand then automatically and rapidly configure

and optimize it with practically no disruption to the network, a seamless Plug n Play.

Where Underperforming Sites are displaying persistentadio quality issues deep learning
mechanisms can béirectedto detect and associate very subtle variations in radio performance and
their potential causes and then prescribe incremental cumulative actions on the cell and its neighbors
to gradually improve overall cluster germance.

DRIVING MACHINE LEARS INNOVATION WIKDHENMJL

Cellwize understands that no singllayerhas all the knowhow to develop all the learning algorithms
that will be required for all business scenarios. Therefore, in addition to develigown algorithms,
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