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Objective

The SMARTNESS (SMART NEtworks and ServiceS for 2030) FAPESP Engineering Research
Center (ERC) aims to develop cutting-edge research in communication networks and
advanced digital application services.

SMARTNESS is focused on innovative networking and computing technologies that enable
the realization of valuable yet challenging use cases in Internet scenarios for industry and
society with a 2030 horizon view.
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Justification
Rationale for SMARTNESS 2030: a networking-centric FAPESP ERC

Towards “6G”
 The 2030 networking paradigm has begun
Increasingly Multidisciplinary
« HW, SW, Al, cloud, as a Service, cloud, UX, Smart-X, loX - Internet of Everything
The Network
e critical in any modern engineering system (industry 4.0, automotive, etc. etc.)
e agapin FAPESP ERCs (and similar excellence research hubs in Brazil)

Ericsson-Unicamp seeds in excellence research ready to scale up and out

INTRIG/UNICAMP results and international presence (e.g., talented HR, Research
Awards, impact open source SW for research and education, standardization, IPR)
Ericsson Research Branch in Indaiatuba (highly qualified researchers in network
architectures and protocols and artificial intelligence)

Scale up in size and out through strong research partners from UFSCAR and USP
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SMARTNESS Vision and Scope




Digital Transformation

Iz

COMPUTATION THINGS CAPABILITY COST

e

PEOPLE TRANSACTION COST

-

DISTRIBUTION COST

50 years of Connecting New conditions
Moore's law everything for value creation

Source: Developing national capabilities for successful transformation ICT ENABLED policy framework for national development, Ericsson, 2016



From Digital Transformation %
accelerated by 5G towards 6G 6 G

FLAGSHIP

Source:
Enhanced mobile broadband https://www.oulu.fi/6aflagship/
DIGITAL
TECHNOLOGIES
Gigabytes in a second
3D video, UHD screens
l 1 l g Work and play in the cloud
Smart home/building
. . D G Augmented reality
Search and Automation and Scale economies A ® &
information coordination and plotforms E @ Industry automation
N NG N Voice
3 r— Mission critical application
Smart city
EFF'CIENCY Self driving car
Future IMT
e—¢
Massive machine type Ultra-reliable and low latency
communications communications
Source: World Bank, WDR 2016 Source: ITU-T, 20165

Source: [TU 2015.


https://www.oulu.fi/6gflagship/

Digital Telco

Due to digital transformation, networks are becoming increasingly complex,
as are the services delivered by them.

To meet this challenge, operators need to evolve to fully digital telco.
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New Digital Services & Ecosystems
Sustained Growth

rv
Digital Engagement

Customer delight and retention

© d B8 g 0%@@fg

IO

digital commerce personalization omni-channel  seif-care new business  Global  joint offerings
models

b- Digital Telco 4

2 3 H#E Qe CARCER

automation. Centrolized, Continuous L .
AL onalytics  Cloudified Delivery Cloud optimized Distributed Network Slices

Data-driven, Cost-effective
Automated Operations

simplification
Flexible to any need
Programmable, Elastic networks

Source: https://www.ericsson.com/en/blog/2018/2/digital-transformation-in-the-telecom-industry
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From 5G to 2030 / 6G

ERICSSON

Ubiquitous mobile
connectivity

loT

o Fof Universal compute fabiric,
IEECROV S0 swarm intelligence

Cloud and the edge Internet of thoughts, brain

Cyber-physical systems interfaces, light fields

Al and automation

New interaction,
humans — machine

Trustworthy network and New computing paradigms,
edge compute new metamaterials

Robotics

New radio network Substantial green house gas
deployments, new devices reductions in and from ICT

2025-ish 2030-ish

Trustworthiness

Source: Towards a connected intelligent future. Dr. Magnus Frodigh. Head of Ericsson Research, VP. Ericsson Research. 2019-03-26. Ericsson.
http://www.6gsummit.com/wp-content/uploads/2019/04/Day3_Session2_Frodigh_Ericsson.pdf


http://www.6gsummit.com/wp-content/uploads/2019/04/Day3_Session2_Frodigh_Ericsson.pdf

Towards 2030 / 6G
(Ericsson Vision) ERICSSON
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New use cases Networklng —

Manufacturing and industrial 10T i "

Automotive and ITS loptnmlza‘ﬂons/Collaboratlve - ® :
XR (AR/VR/mixed reality/...) iy . “ArtmcnaLLntelhgence / Machine Learmng 5
Fixed wireless access : :

o

-

Devices & Hardware

/',: f¢ E Co-operative transm&'.

Zero energy
Zero cost

Integrated connectivity and edge compute
Zero-touch

Trusted networking

Source: Towards a connected intelligent future. Dr. Magnus Frodigh. Head of Ericsson Research, VP. Ericsson Research. 2019-03-26. Ericsson.
http://www.6gsummit.com/wp-content/uploads/2019/04/Day3_Session2_ Frodigh Ericsson.pdf
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unicamp ERICSSON

New use cases Ne_tworklng
Manufacturing and industrial 10T
Automotive and ITS Ioptlmlzattons/CoIIaboratlve =

XR (AR/VR/mixed reality/...) / l "ArtlﬁcnaUntelhgence / Machine Lce)arnlng
Fixed wireless access 7 smented  Industri ‘ : : -
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Integrated connectivity and edge compute
Zero-touch
Trusted networking




From 5G to 2030 / 6G

Ubiquitous mobile
connectivity

loT

Cloud and the edge
Al and automation
New interaction,
humans — machine

Robotics

Trustworthiness

SMARTNESS Scope
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ERICSSON

Internet of senses

Cyber-physical systems

Trustworthy network and
edge compute

New radio network
deployments, new devices

2025-ish 2030-ish

Universal compute fabric,
swarm intelligence

Internet of thoughts, brain
interfaces, light fields

New computing paradigms,
new metamaterials

Substantial green house gas
reductions in and from ICT

Source: Towards a connected intelligent future. Dr. Magnus Frodigh. Head of Ericsson Research, VP. Ericsson Research. 2019-03-26. Ericsson.
http://www.6gsummit.com/wp-content/uploads/2019/04/Day3_Session2_Frodigh_Ericsson.pdf
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SMARTNESS (Smart Networks and Services for 2030)

/xR

Virtual (VR), augmented (AR), and mixed reality (MR)
Multi-modal Man-Machine interaction

nnnnn

~

Robotics & Intelligent Industry 4.0 process automation

Industrial loT & Smart manufacturing
V2X & Internet of Vehicles (loV)

Cloud Gaming

Tactile Internet
Immersive Media & 3D Holograms
Holographic Telepresence

N
-

¢ Telco Cloud & Edge Native
0S, SW/HW Architectures

e Edge compute systems across
devices & distributed cloud

* Decentralized data mgm:
ingestion, processing, routing,
storage, streaming

e Lightweight Virtualization

{Network Service Mesh (NSM)

Customized
Edge
Computing

Industrial
Internet

Augmented
Society

Future Applications

SMARTNESS 2030

Scientific & Technology Advancements

Cognitive
Architectures

e ML/AI 4 Networking

¢ Distributed Machine
Intelligence

¢ Network + Service

Big Data Repository

Intelligent Transport Systems (ITS)
5G/6G-based high-precision positioning
Domain-specific APIs for 3rd party apps

y

» Network Architecture matches \
what Applications need

e Intent-based Networking

e Slicing / Network Slicing 2.0

e Programmability & Automation

¢ Flexible, Adaptable CP/DP funcs.

¢ In-Network Processing (e.g., IETF
Computing in the Network)

® Time-Sensitive (TSN) &

Fluid
Control
&

Data

MERES T
Deterministic Net. (detnet)

J

Sustainability



SMARTNESS 2030 /N
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Fluid network architectures tailored to Sliced Services [&5%
A
Flexibility L
(programmability SW Optlmlze for
& portability) t Performance/Cost
\
\ .
\ //
\
\ //
\\n__—-——— \\\ /,/
HW| Optimize for Latency '@ Control plane component(s) |
Performance (Latency-sensitive Source to Function) | @l Data plane component(s) !
< >
Customer BS MEC - Access Cloud - PoP DC Cloud DCs
N | Premises Edge Core
Source: Christian Rothenberg. Fluid

Network Planes — An overview of Network e ——

Refactoring and Offoading Trends, * '
Keynote at IEEE NetSoft'19, Paris, 2019.




SMARTNESS timely embraces next-gen (i.e 6G / 2030) /2
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distributed computer networking vision and challenges =%

_—

Edge cloud controller

Disaggregation: from

cloud core to edge

Teaching
PRL o LN A o) computer
Fu"y dlStrlbuted Abstract Network View networking

should change
in the next 10
years.

Network Virtualization

In-network computing Global Network View €D
Network OS

computer networking

Less protocols

and more
_— ) : 1 : " Packet - network
Distributed matching - : i computing
engine rwarins SN paciet programming!

Phase 3

2010 20 Networks managed by verifiable closed loop control
’ e >
| H I

Source: Adapted from
“Phase 3: Getting the humans out of the way. Nick McKeown.
Keynote at ONF Connect, 10-13 September 2019.”



SMARTNESS Advances beyond the State of the Art '

Robotics

Tactile Internet

Industrial loT

|
Driver
Applications
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Deep Slicing

Intelligent Sustaina_ble
Public Networking

Safety

I I
Scientific & Technology Outcomes
Advances
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SMARTNESS Impact Setting

A,

SMARTNESS
2030

Industry - Academia

Scientific & Technology Advancements

Open
Standards Research
(SW/Data)

Training & Talent Scientific
Education Building Publications

IMPACT
Outcomes




SMARTNESS
OPEN access to scientific publications, code and data

+ IPR generation

=

Dissemination

=

G-
Yo RREE

Patent / other

‘ Protection forms

Scientific
Results

Data

Management

exploit

protect

e — Open Source
f'.:.,,:_..m- Management
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Research Strands

SMARTNESS Approach




Research
Strands
Approach

ITS
AR/
VR
Video Augme- _cd Industrial
Society Internet

Robo
tics

Future Applications

SMARTNESS 2030 Research Strands ( Deep

Scientific & Technology Advancements \ Slicing
Cus't::mlzed Machine Fluid
- Intelligence N
etworks
Computing (Il_ontrol
oops
| 1

Energy Experimental
Platforms

P4
DP

DRAFT




Schedule & Methodology
(Years 1 and 2)

& Driver Application
& I Driver Application

& I Driver Application
& I Driver Application ’_§(|>\/( 5\'

Use Cases Scientific & Technology Advancements
(STA)

| CEC| | CA | | FCD | | SUS | | TRU |




Schedule & Methodology
(Years 3 to 5)

CEC | CA | | FcD | | SuS | | TRU |

Driver Application O \

I Driver Application I L)

¥}
as

Driver Application

Driver Application

Integrated Aggregation of Multidisciplinary
Use Case Scientific & Technology Advancements
Pilots




Research Strand
NEWTON: iN Edge netWork indusTrial automatioN @

Objectives:

Explore industrial automation scenarios where
robot control logic and telemetry processing
functions are offloaded to edge programmable
hardware

Driving use case: ULL robot control

Topics:

CEC - Customized Edge Clouds: 25%
FCD - Fluid Control & Data Planes: 50%
CA - Cognitive Architectures: 15%

TRU: 5%

SUS - Sustainability: 5%

Contributions:

System architectures to accelerate control
processing functions to in-network HW
devices that parse and extract payload
data, perform calculations, filtering, and
even crafting custom control messages
sent to target endpoints.

Programmable TSN with in-time and
on-time packet delivery methods for
target throughput and packet loss

Cloud Network Digital Twin Operations
Open source and standardization
activities, e.g., P4, IETF COIN, TSN/Detnet.

CEC |FCD |CA |[TRU |SUS

DRAFT
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Research Strand
C3LA - Cognitive Close Control Loops Architecture for Edge loV <

Objectives:

Closed Control Loops (CCLs) architectures
featuring advanced monitoring (aka. Data
Collection) and SLA verification (aka. Analytics)
for QoE intents

Driving use case: Edge-based vehicular services
with stringent QoE intents

Topics:

CEC - Customized Edge Clouds: 30%
FCD - Fluid Control & Data Planes: 40%
CA - Cognitive Architectures: 20%

TRU: 5%

Contributions:

Edge cloud infrastructures with CCLs
capabilities using intent-based network
service monitoring methods

Fluid networking and compute infrastructure
managed as a loV-tailored slice

ML methods for CCL for QoE inference and
prediction of loV services based on
network-level data collection, as well as for
root cause analysis

Demo of loV use case showcasing the fluidity
and joint self-optimization capabilities of the
computing and networking infrastructure.

SUS - Sustainability: 5%

CEC |FCD [CA |TRU ([SUS

DRAFT
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Research Strand
ADVENTURE: Adaptive and Secure Network

. . . . <
Applications over Sliced Networked Environments

Objectives: Contributions:

* To advance the state of the art in network  Network architecture delivering efficient
applications and mechanisms in a 5G (and 'machine-type-comms' (MMTC) between
post-5G) network environment based on SDN smart devices in SPG
and cloud network slicing  SPG applications based on current smart

* Driving use case: Smart Power Grid (SPG) objects software platforms

Topics: * Methods based on fuzz testing to evaluate
| the security of smart objects SW

* CEC- Customized Edge Clouds: 10% * Self-adaptive SDN testbed to improve QoS

e FCD - Fluid Control & Data Planes: 30% and QoE of SPG

* CA- Cognitive Architectures: 20%

e TRU:25%

e SUS - Sustainability: 15%
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Research Strand
DisCoNet: Distributed Computer Networking @

Objectives: Contributions:

e  Usage of the network not only for data forwarding but * Fora chos:en appl.ication, experimental verific.ation of
also to process functions and store data (network as a the benefits obtained by offloading the functions to the
computer). edge and understand the role of the data plane

* New solutions for putting computation at convenient programmability in this type of service. Use case demo
places in a network topology, at the edge and/or core, specifically addressing the VR/AR/XR application.
using traditional virtualization approaches, HW * Inference at the edge: Inference at the edge is the
acceleration, and offloading techniques. capability of “feeling” a behavior and then adapting the

*  Driving use case: Extended Reality Applications quality of a given service, such as adaptation of images

_ * ML algorithms to predict behaviors: the inference can
Topics be improved by using ML algorithms so to anticipate
* CEC- Customized Edge Clouds: 40% bad S|tu-at-|ons.- _ o
e FECD- Fluid Control & Data Planes: 15% *  MlL-optimized interactive application demo: The usage

of ML inference algorithms implemented and deployed
TRU - 10 % at the edge must be deeply evaluated to showcase the
¢ - ()

eTrerity obtained.
*  SUS - Sustainability: 5%

e o | DR AF T

* CA- Cognitive Architectures: 30%




Research Strand

DEMIST: Distributed Edge Computing Swarm Intelligence

Objectives:

To investigate mechanisms to manage the edge
computing infrastructure, namely edge computing or
fog computing, to turn it into an intelligent computing
layer acting as a swarm between data
producers/consumers and the cloud.

Driving use case: Decentralized Data Management for
Smart City Services (e-Health, e-Learning)

Topics:

CEC - Customized Edge Clouds: 40%
FCD - Fluid Control & Data Planes: 30%
CA - Cognitive Architectures: 20%

TRU: 5%

C

Contributions:

New adaptive decision-making mechanisms that must
allocate data collected into edge computing
resources, but also auto-configure the networking
and computing infrastructures to cooperate and
achieve the necessary QoS for widely heterogeneous
applications.

Autonomic, intelligent swarm able to tune data
collection needs, e.g. increasing or decreasing sensing
frequency, and determine how edge nodes data
should be combined and distributed at the edge to be
able to: (i) fulfill applications quality of service; and
(i) run intelligence-based algorithms with the same
quality and efficiency as in data farms.

SUS - Sustainability: 5%

CEC |FCD |CA

TRU |SUS

DRAFT
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Schedule & Methodology
(Years 3 to 5)

CEC | CA | | FcD | | SuS | | TRU |

Driver Application O \

I Driver Application I L)
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Driver Application

Driver Application

Integrated Aggregation of Multidisciplinary
Use Case Scientific & Technology Advancements
Pilots




Research Strands vs Topics & Lifecycle

* NEWTON NG | }
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