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Δομή του μαθήματος
Το μάθημα εστιάζει σε ερευνητικές προκλήσεις των παρακάτω
θεματικών περιοχών των Δικτύων Κινητών Επικοινωνιών
(χρησιμοποιώντας το 5G ως παράδειγμα):

 Αρχιτεκτονική και τεχνολογίες Δικτύων Κινητών Επικοινωνιών

 Ανάλυση επίδοσης Δικτύων Κινητών Επικοινωνιών

 Υπηρεσίες Διαδικτύου των Πραγμάτων (ΙοΤ)

 «Ποιότητα Εμπειρίας» σε ασύρματα και κινητά δίκτυα
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Oι φοιτητές θα κληθούν να επιλέξουν ένα θέμα σχετικό με τις παραπάνω θεματικές περιοχές 
και να προβούν σε μελέτη και παρουσίασή του (θα δοθεί σχετική βιβλιογραφία)



Network: group of (physical and/or virtual) nodes (e.g., switches, eNBs, mobile devices,
computers, computer programs, data hosts, servers etc.) that interact through communication
interfaces.

◦ Classification based on how the communication is set
◦ Wireless | wired networks | Satellite networks

◦ Classification based on deployment of the nodes
◦ WLAN | WPAN | MANET/VANET| Mobile/Cellular networks 

◦ Classification based on the characteristics of the services provided
◦ Wireless Sensor Network (WSN) | Multimedia networks | Delay tolerant networks

◦ Classification based on the criterion that defines the communications
◦ Data Centric networks |Information Centric Networks
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Clarifying the terminology
Networks (in the ICT sector)

Physical nodes

Communication graph



Technology: a method/technique/approach that fulfills a set of (standardized) requirements.
◦ Technologies for Radio interfaces

◦ 5G NR, NB-IoT, LoRA/LoRAWAN (various OEM provide related products, Ericsson Nokia etc)
◦ Technologies for virtualization

◦ VMs, Containers, Hypervisors (e.g., VMware, KVM)

◦ Technologies for data flow control
◦ SDN (e.g., Onos SDN controller, Opendaylight)
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Clarifying the terminology
Technologies (in the ICT and IT sector)



System (or Communication system or telecommunication system): the complete set of
functionalities for control/management and data exchange over a network (a system is
materialized through a set of protocols, can utilize various technologies and offers a set of
services)

◦ Wireless communication system 
◦ Communication systems where the underlay network is a wireless network, i.e., radio interfaces are used
◦ Mobile Communication systems

◦ Key representatives: 
◦ Public mobile radio systems 

◦ GSM, UMTS, LTE, LTE-A, 5G (market names: 2G, 3G, 4G, 5G..)

◦ Private mobile radio systems
◦ TETRA, TETRAPOL
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Clarifying the terminology
Communication Systems



Challenges towards networks 2030
Main factors where gaps are identified
 Architectural Gaps: Factors that impact at large scale

relating to design, deployment, changes to interface
between end hosts and network nodes etc.

 Protocol Type Gaps: This factor identifies the aspects
where rules for communication need standardization or a
common format.

 Technology Gap: This factor refers to the advancement or
improvements necessary in the hardware or software
design or paradigms for a particular gap.

 Algorithm Type Gap: This factor refers to requirement for
devising new mechanisms and further study of a solution
or formal logical procedures.
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https://www.itu.int/en/ITU-T/focusgroups/net2030/Documents/Gap_analysis_and_use_cases.pdf

https://www.itu.int/en/ITU-T/focusgroups/net2030/Documents/Gap_analysis_and_use_cases.pdf


A horizontal and vertical view of a 
mobile network
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Horizontal view
Understanding the topology of a Mobile network
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Distributed Unit (DU) Central Unit (CU)

MidhaulFronthaul

Radio Unit 
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Transport Network

Horizontal view
Understanding the topology of a Mobile network
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Transport Network

Horizontal view
Understanding the topology of a Mobile network

(Radio) Access Network
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link

4G coverage / antennas

5G coverage / antennas

https://www.cellmapper.net/map?MCC=202&MNC=1&type=LTE&latitude=37.909285441465954&longitude=23.477459592890714&zoom=6.55193728804603&showTowers=true&showTowerLabels=true&clusterEnabled=true&tilesEnabled=true&showOrphans=false&showNoFrequencyOnly=false&showFrequencyOnly=false&showBandwidthOnly=false&DateFilterType=Last&showHex=false&showVerifiedOnly=false&showUnverifiedOnly=false&showLTECAOnly=false&showENDCOnly=false&showBand=0&showSectorColours=true&mapType=roadmap


Vertical view
Understanding the Protocol stack
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Vertical view
Understanding the Protocol stack
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Protocol stack support Reception and Send process Main action per layer: add/removal of headers



Vertical view
Understanding the Protocol stack
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Tunneling for the internal (inside the 
operator’s network) communications 

-GTP tunneling-

Protocol stacks support Reception and Send process
 Different protocols can be used (gNB case) depending on the source / destination 

The radio part includes a 
set of additional protocols 
for controlling the wireless 
link (SDAP/PDCP/RLC).



Vertical view
Understanding the Protocol stack
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• Tunneling for the internal (inside the operator’s
network) communications -GTP tunneling- is
used.



Vertical view
Understanding the Protocol stack
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• Tunneling for the internal (inside the operator’s
network) communications -GTP tunneling- is
used.



Vertical view
Understanding the Protocol stack
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User Plane

Control Plane

• Type of data is signaling or controlling message
• All the communicating nodes are internal to the 

operator’s network

• Type of data is the user’s actual data 
• The communicating nodes include nodes outside the 

operator’s network e.g., the internet / data network

Protocol stacks support Reception and Send process
 Different protocols can be used (UE, gNB, AMF etc case) depending on the type of data exchanged



Vertical view
Understanding the Protocol stack
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• All the 4G signaling protocols SBcAP, SLsAP, DNS,
SCsAP, Diameter, GTP-C that existed in the evolved
packet core; they are all replaced in 5G with a
single stack IP, TCP, TLS, HTTP2 and JSON.

User Plane

Control Plane

4G 5G

• User Plane: compared to 4G, the SDAP (Service
Data Adaptation Protocol) is a new protocol
added in 5G systems

4G vs 5G



Requirements and Performance Targets for mobile networks 
- ITU – 3GPP -
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SDOs ecosystem



ITU
About the ITU

- The ITU –International Telecommunications Union

- Specialized UN agency responsible for issues that concern ICTs

- Coordinates global use of the radio spectrum

- Assists in the development of worldwide ICT technical standards 

Target technologies: broadband internet, latest-generation wireless technology, internet access, 
data, voice, TV broadcasting, next-Generation networks, … 

2/28/2022 NKUA, DEPARTMENT OF INFORMATICS & TELECOMMUNICATIONS 21



ITU IMT-2020 =>5G
About the IMT

IMT = International Mobile Telecommunications

IMT 2000 technologies (Marketed as 3G)
◦ 3GPP Family: UMTS WCDMA (GSM Evolution)
◦ 3GPP2 Family: CDMA2000 (1xEV DO Rev A, EV DO Rev B)

IMT Advanced technologies (Marketed as 4G)
◦ 3GPP Family: LTE Advanced (E UTRA)
◦ IEEE Family: WiMAX (802.16m)

IMT 2020 => 5G
◦ 3GPP Family: 5G
◦ IEEE Family: wifi 6 (802.11ax)
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ITU IMT-2020
IMT-2020 Overview

◦ IMT-2020 [ITU-R M-2083-0]: systems, system components, and related aspects that support to 

provide far more enhanced capabilities than those described in Recommendation ITU-R M.1645.

◦ IMT-2020 Radio:= IMT evolution + new RAT revolution

◦ IMT-2020 Network:= flat architecture + white-box-hardware + Virtualization + LINP/ Slices + 

Softwarization+ MEC + DAN (ICN/ CCN) + e-2-e VoLTEenabling + ...
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ITU IMT-2020 time plan
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ITU-R M.2150

https://www.itu.int/rec/R-REC-M.2150/en


5G Performance
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Reference link

https://www.itu.int/en/ITU-T/Workshops-and-Seminars/standardization/20170402/Documents/S2_4.%20Presentation_IMT%202020%20Requirements-how%20developing%20countries%20can%20cope.pdf


5G Performance (compared to 4G/LTE)
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*LINP-Locally Isolated Network Partitions



5G Specifications
3GPP for 5G Standardization (meeting the ITU IMT2020 req.)
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3GPP Specifications: structure

Radio aspects
36 series (LTE, LTE-Advanced)
37 series (Multiple radio access technologies)
38 series (NR)

Requirements 21 series

Security aspects 33 series

Security algorithms 35 series, 55 series (GERAN specific)

Service aspects 22 series

Network signaling protocols (24 & 29 series) 24 series, 29 series

Technical realization ("stage 2") 23 series
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Target Specification Groups

The TSG Core Network and Terminals (TSG CT) is responsible for specifying terminal interfaces
(logical and physical), terminal capabilities (such as execution environments) and the Core network
part of 3GPP systems.

The TSG Radio Access Network (TSG RAN) is responsible for the definition of the functions,
requirements and interfaces of the UTRA/E-UTRA network in its two modes, FDD & TDD.

The TSG Service and System Aspects (TSG-SA) is responsible for the overall architecture and service
capabilities of systems based on 3GPP specifications and, as such, has a responsibility for cross TSG
co-ordination. Reports produced

3GPP uses a system of parallel "Releases" which
provide developers with a stable platform for the
implementation of features at a given point and then
allow for the addition of new functionality in
subsequent Releases.

Releases

Reference link

https://www.3gpp.org/ftp/Specs/html-info/36-series.htm
https://www.3gpp.org/ftp/Specs/html-info/37-series.htm
https://www.3gpp.org/DynaReport/38-series.htm
https://www.3gpp.org/ftp/Specs/html-info/21-series.htm
https://www.3gpp.org/ftp/Specs/html-info/33-series.htm
https://www.3gpp.org/ftp/Specs/html-info/35-series.htm
https://www.3gpp.org/ftp/Specs/html-info/55-series.htm
https://www.3gpp.org/ftp/Specs/html-info/22-series.htm
https://www.3gpp.org/ftp/Specs/html-info/24-series.htm
https://www.3gpp.org/ftp/Specs/html-info/29-series.htm
https://www.3gpp.org/ftp/Specs/html-info/23-series.htm
https://www.3gpp.org/dynareport/SpecList.htm?release=Rel-16&tech=4&ts=1&tr=0


3GPP Specifications: Releasing
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Stage 1 Service requirement level -> Stage 2 Functions to be supported by the system ->  Stage 3 Implementation aspects

System Aspects (SA)
Radio Access Network (RAN)

Core network and Terminals (CT)



5G Standardization: 
3GPP Rel.15/16/17
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5G Standardization: 
3GPP Rel.15/16
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What about the IMT-2020 
requirements?



5G-Advnaced 
Standardization: 
3GPP Rel.18 …
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Is 5G NR the only Radio Interface that meets the IMT 
2020 requirements?

WIFI 6 is an air Interface (not a system) that refers to the IEEE efforts – in parallel to those of 
3GPP for 5G NR – towards ITU-IMT 2020 targets

Advancements:

- 8x8 MiMo

- More Bandwidth (from 80 MHz to 160 MHz)

- Interference avoidance 

- …
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IEEE 802.11ax MAC/PHY (i.e., WiFi 6) meet or exceed 5G requirements for 
the 5G Indoor Hotspot use case defined by IMT-2020



5G-related ETSI standards 
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While NR is the major feature for high performance in 5G systems.. many architectural and management
advancements, that are part of 5G, borrow/consider/take advantage of ETSI standards.

• ETSI Industry Specification Group (ISG) on Network Functions Virtualization [ref]
• ETSI Management and Orchestration Architecture (MANO) [ref]
• ETSI Multi-Access Edge Computing (MEC) [ref]
• ETSI Industry Specification Group on Zero touch network and Service Management (ZSM ISG) [ref]
• ETSI Industry Specification Group Experiential Networked Intelligence (ENI ISG) [ref]

https://www.etsi.org/technologies/nfv
https://www.etsi.org/deliver/etsi_gs/NFV-MAN/001_099/001/01.01.01_60/gs_NFV-MAN001v010101p.pdf
https://www.etsi.org/deliver/etsi_gr/MEC/001_099/017/01.01.01_60/gr_MEC017v010101p.pdf.
https://www.etsi.org/newsroom/blogs/entry/achievement-of-major-milestone-publication-of-substantial-zsm-specifications
https://www.etsi.org/technologies/experiential-networked-intelligence


5G Research in EU
5G-PPP partnerships for 5G  
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EU funding 

FUNDING PROGRAMMS

• ..

• FP7 

• Horizon 2020  sections

• Horizon EUROPE
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• ..Excellence Science
• ..Industrial Leadership
• ..Societal Challenges
• ..
• ..
• ..

• 1
• 2
• 3: Marie Curie Actions
• 4

• 8
• 9
• 10: energy Efficiency
• ..
• 14: Secure societies 

• 5 5i: ICT 
• 6
• 7

• 5G
• NGI
• ..

Under 5G PPP umbrella  

Work Programme / Calls ->2-year period 

https://ec.europa.eu/programmes/horizon2020/h2020-sections


5G-PPP working groups
5G-PPP = European Commission + 5G Infrastructure Association (IA)

5G-PPP Working Groups (WGs)
◦ Originated by 5G IA (6): 

◦ Pre-Standardization -> Alignment with ETSI, 3GPP, IEEE, ITU-R
◦ Security
◦ Vision & societal challenges
◦ Spectrum
◦ IMT-2020 Evaluation Group -> one of the 11 independent 5G Evaluation Groups from ITU-R 
◦ Trials -> European Trial Roadmap v0.4

◦ Originated by 5G-PPP projects (4): 
◦ Automotive
◦ Software
◦ Architecture -> white paper

◦ Network Management & QoS
◦ Test, measurements and KPIs validation (TMV)

◦ Originated by Networld2020 (1): 
◦ SME

5G-PPP Technology Board
(Technical representatives from 5GPPP research projects )

5G-PPP Steering Board
(Coordinators from 5GPPP research projects )

https://5g-ppp.eu/wp-content/uploads/2018/11/5GInfraPPP_TrialsWG_Roadmap_Version4.0.pdf
https://5g-ppp.eu/wp-content/uploads/2019/07/5G-PPP-5G-Architecture-White-Paper_v3.0_PublicConsultation.pdf
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FUNDING PROGRAMMS

• ..

• FP7 

• Horizon 2020

• Horizon EUROPE

Under SNS umbrella  EU funding 



Institutionalised European Partnerships 
The proposed partnerships cover the following topics:
• EU-Africa research partnership on health security to tackle infectious diseases
• Innovative Health Initiative
• Key Digital Technologies
• Smart Networks and Services
• European Metrology
• Transforming Europe's rail system
• Integrated Air Traffic Management
• Clean Aviation
• Circular bio-based Europe
• Clean Hydrogen
• Safe and Automated Road Transport
• Innovative SMEs
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5G-PPP Research Projects

5G-PPP Phase 1 projects
•RIA/IA projects achievements available online ->
• https://5g-ppp.eu/phase-1-key-achievements/
•CSA -> Euro5G project ->
D2.6_Final-report-on-programme-progress-and-KPIs 

2015

5G-PPP Phase 2 projects (5G Architecture)
•Ongoing RIA/IA projects, active till end of 2019
•CSA -> Global5G -> verticals cartography

2017

5G-PPP Phase 3 projects
•Part 1 – KPI validation (ICT-17 call, ongoing)
•Part 2 – Automotive (ICT-18 call, ongoing)
•Part 3 – Trials (ICT-19 call, ongoing) + CSA -> Full5G 
•Part 4 – EU-China project: 5G Drive

2018–2019
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5G-PPP phase 3 projects  
•5G Part 5: 5G Core Technologies innovation and 5G for 
Connected and Automated Mobility (ICT-42 & ICT 53 calls)

•Part 6:  5G innovations for verticals with third party services 
& Smart Connectivity beyond (ICT-41 & ICT-52 calls)

2020

https://5g-ppp.eu/phase-1-key-achievements/
https://5g-ppp.eu/wp-content/uploads/2017/10/Euro-5G-D2.6_Final-report-on-programme-progress-and-KPIs.pdf
http://global5g.org/cartography


5G (research) platforms around Europe
• On the EU map: link

• The roadmap for 5GTrials: link

• Spectrum 3400 – 3800 MHz (awarding trial licenses)
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https://www.ip45g.de/en/5g-testbeds/
https://5g-ppp.eu/wp-content/uploads/2018/11/5GInfraPPP_TrialsWG_Roadmap_Version4.0.pdf


Research topics toward 6G
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5G Market and business aspects
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5G in market
New Spectrum - - -> New Infrastructure
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5G in market
5G Routers

5G Devices
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Vertical industries
Vertical Industries -> https://5g-ppp.eu/wp-content/uploads/2016/02/BROCHURE_5PPP_BAT2_PL.pdf
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Before 5G

In 5G

Over the top Service Providers

Mobile network

5G Mobile network

Vertical Service providers

Data

Data
Control

Control

Control Client

ClientServer

Server

https://5g-ppp.eu/wp-content/uploads/2016/02/BROCHURE_5PPP_BAT2_PL.pdf


5G: serving the vertical industries 
Two key (interlinked) features 

◦ 5G Openness
◦ Verticals interact with 5G network components 

◦ NPN deployments (Non-Public Networks) [ref]
◦ A 5G network deployment can be totally isolated or well-separated from a public 5G mobile network; 
◦ 5G as the total solution for communication and management in vertical industries
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https://www.5g-acia.org/publications/5g-non-public-networks-for-industrial-scenarios-white-paper/


Take-aways and specific topics to dig into
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Target topics
• 5G mobile system is not only about better performance for the end user.. is

also a flexible management platform that creates business opportunities for
verticals

• From the standardization point of view 3GPP Rel15 and Rel16 define the 5G
architecture and the related technologies

• There are key advancements from IT sector that are consider in the Telco
sector for the realization of 5G features (e.g., ETSI MANO for network slicing)

• The 5G research in EU has recognized the need for 5G (and B5G)
experimentation platforms (dedicated spectrum for experimentation,
development of 5G testbeds around EU)
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