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Instituto de Telecomunicações - Aveiro

PhD researchers ~80

PhD students ~94

Optical communications

Radio communications

Networking, mobile networks, future internet

Electronic design for telecommunications
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• 12 PhD, ~50 members

• IEEE Distinguished Lecturer – Communications

• Multiple lines of work

• Research

• Industry cooperation

• Standardization

• High practical component

• Testbeds, implementations, tools...

• Open Source contributions

. https://github.com/ATNoG

. Test infrastructures

ATNOG – Advanced Telecommunications and
Networking group
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We are hiring researchers!
Contact me (ruilaa@ua.pt)

M2M

IoT

Flexible

Networks

Future
Internet

Big Data

& B5G

© 2005, it - instituto de telecomunicações. Todos os direitos reservados.
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Mission-critical wireless control and automationGB transferred in an instantA trillion of devices with different needs

Throughput

# of devices;

Cost; Power
Latency;

Reliability

3D video – 4K screens

Sensor NW  

Industry & vehicular automation

Gigabytes in a second

Self Driving Car

Augmented reality
Smart city cameras 

Work and play in the cloud

Voice  
Mission critical broadcast
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Requirements in future systems

10
Source:Nokia.
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Trends towards future systems

11
Source:Nokia.
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Usage of MEC+slicing in different cases

© 2017 InterDigital, Inc. All Rights Reserved.
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The flexibility of SDN and NFV

 User/data plane implemented by 
standard (low-cost) equipment
 Reduction on the HW cost

 Control plane implemented in the 
cloud – Network Function 
Virtualization – with standardized 
and open interfaces to 
services/business applications
 Easy service development

 Software maintained by the 
operator
 Change on the value and revenue 

model

1
3

Network device

Network device

Network device

Network device

Network device

Network Services

SDN
Control

Software

Control Layer

Infrastructure Layer

Application Layer

Service Applications

Control Data Plane interface
(e.g. OpenFlow)

API API API

Source: ONF (Open Network Foundation)
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Example:  5GinFIRE Reference Model Architecture

Based on existing Open Source 
projects

e.g. Openstack, Opendaylight

Based on ETSI reference architecture 
of MANO functionality 

Open Source MANO

Introducing and integrating 
infrastructures from verticals

Generalizing the concept of VNFs into 
accounting for functionalities other 
than network, namely, for verticals, 
aka VxFs

universal management of virtual 
functions

Automated deployment of VxFs and 
creation of VxF stores

15 13.01.2020

Marrakesh

So, 
are we on the same page ?

(until now)
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And now for something different…
…. the Strata model from IPsphere.

Physical

Link

Network

Transport

Application

Session

Presentation

Packet handling stratum

Policy and 
control stratum

Service structuring 
stratum

Physical

Link

Network

Transport

Application

Session

Presentation

Signaling 
Network Interface

Policy Element 
Interface
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SDN/NFV fits well here…

Service Layer

Control and
Policy Layer

Technology Layer
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Information flow

Service Layer

Control and
Policy Layer

Technology Layer
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But is this the whole story?

Textbox Headline

Management plane –

Where the management 
information is transferred

Control plane –
where the control information is transferred

Data plane –
the information being transferred
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So, what I am talking about when mentioning 
the Network of Control?

Data plane

Control plane

Management plane

Service Layer

Control and
Policy Layer

Technology Layer
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So, what I am talking about?

Network (bit pipe/virtualized)
comunications

Potentially both 
cloud and network

Cloud-centric, 
data-center communications

Service Layer

Control and
Policy Layer

Technology Layer
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What are the properties of this Control
Network?

Without this control network, the network does not
exist!

Bootable!

Resilient!

Flexible!

Self-adaptable!

• Needs to be efficient…

• Needs to be multi-technology

• Crosses network and cloud

Multiple types of requirements

Both protocol and API oriented

23.11.2009
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What will change in the upcoming networks?

• More diverse technologies will be used.

• More diverse business models, including 
virtualization at multiple layers

• Higher “intelligence” at central entities

• Much higher requirements for monitoring: the 
network needs to know everything

• Optimal vertical support (dynamic slices): 

• more information going into the service layer

• or, more detailed requirements going into the CP

The vertical flow of information is increasing for the 
simple task of controlling the network

Service Layer

Control and
Policy Layer

Technology Layer
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Requirements in future systems

26
Source:Nokia.
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Requirements in future systems

27
Source:Nokia.

Dynamicity of the network
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Is this worth it?
Does it make sense?

• Intelligence requires information flow and processing

• Dynamicity implies better updates (higher update rates)

• Multiple operators/stakeholders imply complex trust configurations
and associated overhads

• Increased complexity of the business environment implies more 
information exchanged, with more “scoping”

• Everything requires increased monitoring

• (and not discussed

How much overhead (=comm+proc) does it
require to achieve what benefit (=for the
network….or the customer)?

Where will the value be?

29

Conclusions – what is missing

• 5G technology is coming – to every country, every business

• Our DATA PLANE many aspects and use cases will be handled in 
the next years

• For 2030, the big change will be in the CONTROL PLANE

• At the time, the ecossystem should be mature for our “wonderful” 
use cases to explode out of silos

• But the network would have bem developed for optimizing the data 
aspects, in a near-silo approach

The network of control is a challenge that must 
be addressed in the next years.
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