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Network slicing is one solution that has emerged as an
opportunity with 5G. It provides the capability to enable new
business models across a wide range of industries and allows
operators to segment the network to support particular services
and deploy multiple logical networks for different service types
over one common infrastructure.

Dedicated network slices give a multitude of opportunities for service providers to grow
their business especially towards industrial use cases. These new use cases bring new and
more diverse network requirements, which increases the complexity beyond human control.
In order to ensure the networks are agile and flexible, as well as easy to operate, artificial
intelligence (Al) and automation becomes a cornerstone. Al makes it possible to create self-
healing networks and Ericsson intends to embed Al-infused solutions that can identify
problems, and suggest and apply solutions in a proactive manner.
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Intent-based solution for 5G slicing

The most important thing in 5G
slicing is guaranteeing the KPIs (as
agreed with the customers in SLAS)
throughout the lifecycle of the slice
from its admission till its
deactivation. This complex and
time-consuming activity drives the
demand for automation of problem
identification/prediction and even
proposing solutions. Al and ML
(Machine Learning) technologies
continue to be integral to the

development of these technologies,

such as enabling the automation of
slice admission and its assurance

across the mobile network platform.

Ericsson’s continued research in

Picture 1: Overview of Intent-based way of performing 5G slicing
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this space will ensure we remain the
market s most advanced partner
when it comes to Al-infused
automation of the network
platform.

Picture 1 demonstrates a high-level
architecture of Al-infused intent-
based solution using ML,
knowledge bases, and machine
reasoning (MR) techniques. The
customer intent is captured during
the service level agreement (SLA)
stage and is converted into desired
KPIs that ML algorithms are
configured to predict. At the start, a
5G slice is admitted based on the

State updates

current resource status and
admission policy. During the
lifecycle of the slice, the
data/events are captured from the
network, ML analysis performed to
predict potential KPI degradations
and the insights are fed to MR that,
based on its background knowledge
about network state and
operational procedures, proposes
mitigation actions according to the
given intent. The implementation of
these actions can be further
processed to optimize other non-
functional SLA metrics such as cost
or power consumption.
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Machine learning agents for prediction and

root-cause analysis (RCA)

Advances in ML and Al
technologies will help to reach new
levels in how 5G slices admission
and service assurance can be
maintained, not only without any
manual intervention but also in a
proactive manner. This will be
possible by creating a new type of
active element of the network
called ML agents. These agents are
expected to function on all places
where the data flows; that can be
antennas, network nodes, cloud
infrastructure nodes or data lakes
where the data is collected and
aggregated. The ML agents may or
may not fulfil the same purpose by
using the same or different data.
Some of the ML agents will provide
input to others for RCA while other
ML agents are expected to work in
parallel, providing possibility to
choose the prediction with the
highest accuracy.

Different ML techniques could be

used for building the ML agents,
such as:
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Time series-based prediction
and analysis using multivariate
LSTM'’s and Vector Auto
Regression for detecting
violations of the SLA's.

Proactive actions can be taken
based on prediction and
reasoning.

Regression modelling with forest
based like random forest or XGB
and neural networks for finding
causal relations between most
important features for the
predicted SLA violation. By
comparing prediction with SLA.

Some time series prediction
algorithms are compared using a
real-world dataset. The dataset
contains mainly daily and weekly
seasonality and lasts for one
year. Compared algorithms are
ARIMA, Fourier Extrapolation,
Prophet, XGB, LSTM, GARCH.
ARIMA is ok for very-short term
prediction (for example less than
5 steps) with an acceptable
variance. Fourier is good at

capturing long-term seasonality,
but only seasonality. Prophet is a
combination of Fourier and
scaling, which is good for
seasonal prediction especially
long-term prediction with a
trend, but still not good for
dynamic time-changing data.
Prophet provides a higher
variance and it performs bad for
prediction with spikes/peaks.
XGB is a general approach and
comes with an acceptable
variance which is suggested but
may need to have updatable
models. LSTM can also handle
multivariate in a good manner
but does not show obvious
improvements compared to
XGB. GARCH can be utilized to
predict variance which is needed
for confidence intervals and
possibility of SLA breach. It also
has the shortcomings of ARIMA
but a little better so a mid-term
variance prediction can use
GARCH.

Bayesian networks could be
used for RCA.
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Machine reasoning for best solution
according to intent and the ML output

Machine reasoning can be used to
make rational decisions based on all
the available knowledge about the
network, its topology and current
state as well as the domain
knowledge captured in the form of
rules that describe what procedures
are applicable in various situations.
Such rules may be both manually
provisioned into the system by
knowledge engineers with the help
of SMEs, and automatically learned
and generalized over time from the
results of heuristic search
performed by MR algorithms. The
way MR proposes an action is by
generating and estimating potential

situations using all available
knowledge as constraints that
define the exploration space and
heuristics that efficiently direct such
exploration towards the goal. The
techniques employed by MR may
include forward and backward
chaining, inductive, abductive and
probabilistic reasoning. For example,
forward chaining is traditionally
used in expert system to derive
immediate conclusions and actions
based on recently asserted facts.
Backward chaining allows to infer
implicit facts (not asserted in the
knowledge base) but logically follow
from the existing facts and rules.

Using probabilistic reasoning it is
possible to predict likelihood of
outcomes if a certain action is
taken, thus, enabling action
planning by considering historical
information. One valuable property
that MR algorithms have is that,
unlike wide-spread statistical ML
approaches, the MR algorithms are
symbolic in nature, i.e. they operate
explicit concepts and relations and
can be easily augmented with
explainability and traceability
features that contribute to system
transparency and trust.
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Close-loop operation for slice management

Network management operations
such as slice admission or
orchestration can be modeled as a
closed-loop operation, as depicted
in Picture 2. In general, a slice
arrives in the network and then
goes through an admission policy.
The policy decides whether it is in
the interest of the infrastructure
provider to accept or reject the
slice. Slices that are admitted in the
network require setup and
continuous monitoring and
optimization. The closed-loop
monitoring and control mechanism

ensure that if a deployed slice
instance requires more resources
than it did at the deployment time,
those additional resource
requirements can be
accommodated; or, if the slice
instance requires less resources,
that they can be allocated to
another slice in the network.
Additionally, in the case of slice
completion and departure from the
network, the closed-loop operation
ensures that not only the resources
are taken away from departing
service but also the state of

remaining services is optimized
(e.g., the network management
discussed in Picture 1). Besides, the
slice experienced performance is
reported to the admission module,
so it can evaluate the
consequences of the admission as
well as the slice behavior.
Consequently, enabling not only
the admission control to learn how
to make better admission decisions
in the future but also enabling
proactive slice management during
its lifecycle.

Picture 2. An overview of the general network management loop. The dashed line represents the
exchange of information, for example, reporting the overall satisfaction experienced by the

service during its lifetime
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Al for slice admission

A slice deployment request made
from the tenant contains an SLA
requirement, and the infrastructure
provider (InP) must provide enough
resources to fulfill the SLA.
Examples of SLA include network
coverage over a certain
geographical area, minimum
network bandwidth, latency, etc.
The InP has limited resources,
therefore, in some situations, it
cannot fulfill the SLA for all the
tenants requesting slices.

The limited resources motivate the
existence of the slice admission

module. Its objective is to admit as
many slices as possible into the
system, with the objective of
maximizing resource utilization,
consequently increasing the
revenue for the infrastructure
provider. The constraint is it should
not admit slices that would have
their SLA violated, or cause SLA
violation for the other deployed
services. Further insights of such
strategy were discussed in a
published study.

Important information to decide on
the slice admission includes the

state of the system, some features
are: amount of resources allocated
to network slices such as physical
resources or data rate; timing such
as starting time, duration and
periodicity of requests and time
window; the type of resources and
Quality of Service (QoS) parameters
such as radio/core bearer type,
prioritization, delay, jitter and loss;
maximum resource utilization and
traffic classes. In this context, traffic
class specifies some behavior of the
traffic i.e., delay tolerance and if the
bit rate should be guaranteed or
not.

Al for 5G slicing



Al for slice assurance

Typically, when SLA breaches occur, engineers try to find a solution and allocate more resources. With this strategy,
the system will use Al based approaches to predict possible problems and proactively provide recommendations of
solutions for engineers to choose for high-impact issues, and/or automatically fix the problem for small-impact
issues. This requires higher accuracy of prediction especially for delay and traffic volume, together with pre-defined
SLA, so that SLA breaches can be predicted, and proactive actions can be taken.

Picture 3 (a). Al for enabling mission critical 5G based use case

Customer Prem Edge DC

L3VPN {Mator Heuristics) L3VPN [Video)
10Gbps

1 1 |
| 1
L TAY 7, 7Y )
G e———
| 1 AL 1 1 AL 1 J

eNB/gNBE ‘ TOR

PGW DCGW ‘
— : -1 .
CSR L3VPH (Sensors) bcew [ Motor App |
1 oz 5
— AN
Pota 55
Picture 3 (b) Re-route NW traffic based in proactive manner
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Picture 3 (a) presents an example of a network slice where an SLA violation is predicted using ML agent. The
insights are fed to MR, which, based on the SLA requirements, cost, and using the current system states, proposes
the solution in Picture 3 (b) to reroute that traffic from port1 to port 2 so that the SLA requirements and cost can
be met in a proactive manner.
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Conclusion

Efficient sharing of network resources while providing customers with superior SLA-based
service quality is at the core of 5G slicing. The complexity imposed by it needs to be
mitigated by employing a fundamentally different approach to management. Intent-based
way of performing 5G slicing is revolutionary because it replaces manual configurations and
maintenance steps with a declarative model of desired outcomes. We have presented the
work in which instead of controlling the network imperatively, high-level business goals are
provisioned, and the network automatically takes care of optimally implementing it. A
significant shift in controlling the networks is possible by combining machine learning (ML)
and machine reasoning (MR).
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the full value of connectivity. The company’s portfolio spans
Networks, Digital Services, Managed Services, and Emerging
Business and is designed to help our customers go digital,
increase efficiency and find new revenue streams. Ericsson’s
investments in innovation have delivered the benefits of
telephony and mobile broadband to billions of people around
the world. The Ericsson stock is listed on Nasdag Stockholm
and on Nasdaq New York.

Find out more www.ericsson.com
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