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(R)evolution of mobile networks

Platforms for loT
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Based on Tseng (2023). [

Next: 4) Advanced use cases



Advanced use cases

r_\wearables Device
PR
i) (i

Vehicle to Infrastructure

Vehicle to Vehicle (V2V)
(@)
LS
Factory Automation

uRLLC + mMTC +
Based on Tseng (2023).

Next: 5) Change how we live



Change how we live

Home-based patient care V2V and V2P safety Leveraging EGE innovation Next Gen mission critical
improvement and awareness for education communications
Remote surgery and
scanning Autonomous, coordinated Metaverse experiences AR headsets and glasses
and remote driving
Al-enabled patient digital Immersive knowledge and Networked robots and
twin Real-time 360° situational learning UAVs
awareness
Ambient assisted living Hologram receivers Connected ambulances

Based on Nawrocki and Next G Alliance (2022).

Next: 6) Change how we work
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Change how we work

Factories of the future

Al-managed automatic
guided vehicles

Massive sensors to manage
environment and resources

Movement between farming
and road infrastructure

High precision irrigation and
fertilizer treatments

Massive sensing and remote
actuation

Communications across
mobile and NTN

Based on Nawrocki and Next G Alliance (2022).

Extreme connectivity

Tele-operation for
hazardous environments

Use of digital twin replicas

High precision accuracy
and tracking

Urbanization density and
access to resources

Zero energy loT devices

Al-driven data decision-
making

Government-provided
playing fields for 6G
iInnovation

Next: 7) Global total 5G-enabled consumer revenues addressable market for ICT industry



Global total 5G-enabled consumer revenues addressable
market for ICT industry

. M-commerce Adjacent digital services . Core digital services . Connectivity (incl. voice and SMS)

USD 31 trillion cumulative
revenues for ICT players

5 over the decade
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USD trillion

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Based on Ericsson (2020).

Next: 8) Releases stipulated by 3GPP



Releases stipulated by 3GPP

m The next big leap...

Release 18, 19, 20

Evolving 5G from previous learnings towards advanced
Release 17 use cases (e.g. XR) using latest technological
developments (e.g. AlI/ML)

Further use case
Release 16 expansion
(e.g. NTN, loT)

Initial use case
Release 15 expansion

(e.g. lloT, V2X)
Foundational
eMBB

| | | | | | | | | | | | | |
'2018 ' 2019 ' 2020 ' 2021 ' 2022 ' 2023 ' 2024 ' 2025 ' 2026 ' 2027 ' 2028 ' 2029 ' 2030+

Note: Approximately 1.5-2 years per release

Based on Wong (2022).

Next: 9) Standardization of 5G and 6G: 3GPP and ITU



Standardization of 5G and 6G: 3GPP and ITU

IMT-2030
workshop WRC-27
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03/2025 Key 6G arch decisions 6G spec
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Based on Baker and Nokia (2023). Next: 10) The mobile network segments



The mobile network segments

USERS
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Based on Amdocs (2020).
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RAN vs Open RAN

Closed HW-Based RAN

RU Feature

SW Feature x
”

Frequency variant

Future proof Flexibility Reliability (RU)

~ Easy Maintenance

Reliability (CU/DU) Deployable (RU)

Easy Maintenance
Deployable (CU/DU)

Open RAN

RU Feature

SW Feature Frequency variant

Future proof Flexibility

=

Easy Maintenance
Deployable (RU)

Reliability (RU)

Reliability (CU/DU)

Easy Maintenance
Deployable (CU/DU)

Open VRAN allows to select innovative, best-of-breed products more flexibly without the need to fully rely on vendors who

provide RAN by only HW-based own RAN product

Based on Murakami (2022).

Next: 13) From RAN to Open RAN



Proprietary

and high innovation cost

and fixed network resources

Integrated
Integrated RRU & BBU with

Fonte: Radisys (2022).

Vendor lock-ins, slow time to market

high cost last mile transport

From RAN to Open RAN

Network Adaptability

pa

< Embedded

4 Integrated control and data, Software
© proprietary interfaces Modularity
-

o :

= Fixed

E Pre-programmed control logic Application and
| .

I_

Deployability and
Manageability

Software-Defined Z

Open white box hardware and software g
(NFV, SDN) efficiencies

G)

Unbundled L

Disaggregated control / data, Q

Open APIs g_

o

Programmable =

O

©

(@

>

A

>

Z

Programmable based on real
world network conditions

Flexible

Deployment architecture
and fronthaul agnostics

Next: 14) Open RAN macro vision



Open RAN macro vision
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Based on Keysight (2023a).

Next: 15) RIC



RAN Intelligent Controller

RAN Intelligent Controller (RIC) will allow open RAN networks to
enable real wide multi-vendor ecosystem of applications that will
implement basic and novel RAN optimization automation use cases

J-RAN

. Non-RTRIC GUALE

B 10ms~1s | BABREl NearRT RIC

Open RAN
2 b
CU DU
i Real-time AI/ML
*F1 interface is defined by 3GPP RU

RAN Intelligent Controller (RIC)

Based on Miguel (2023).
Next: 16) A conceptual overview of NTN



A conceptual overview of Non-Terrestrial Networks

End-To-End NTN

3GPP work on NTN - . 3GPP work on UAV
Satellite ¥ :
: ¥ " High-altitude platform statio , :
NBIWOrlS: =, as IMT base ruu:rn'?msf. : i : 0L 5o 600 km & above

20 km
10 km
UAV ' 150 m

(aka drone)
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Ground level

Based on Keysight (2023a).

Next: 17) Usage scenarios for NTN



Usage scenarios for NTN

Service * Medium area traffic capacity
« Medium to high peak data rates

Conti nUity « Medium connection density

Connected
Cars

High Speed Rail

-
Okt = (@)
Aircraft Maritime Vessel
@ "’

R
loT (Asset
Tracking) n‘ @
Automotive Industry

'\|;_,
@ N H @ jr:\! (Firmware and

Emergency  loT (Oil and Software Upgrade)

« High area traffic capacity
« Medium to high peak data rates
« Medium to high connection

« High connection density
« Low to medium data rates

L Hotspot  Gas Industry) .
» High reliability 3 00 density
. O} - @ = ® .
SEI'V'I ce Rural and Remote oT (Agriculture) Broadcast and Multicast SEI'VICE
Communities - ' 3D and UHD Video, Data

Ubiquity Scalability

Based on Shepherd and Roberts (2022).
Next: 18) Example of NTN architecture



Example of NTN architecture

5G RAN (NTN)

() ~
GNSS

Capable 5G Core

Based on Shepherd and Roberts (2022).

Next: 19) Key network characteristics: 5G verticals



Key network characteristics: 5G verticals

m ol U & e | w X

Automotive Industry Public Safety Healthcare iliti Transport Gaming

Low Latency

Virtualization/
cloud

Scale

Densification

Reliability

Private

Automation

Mobility

Bandwidth

End to End for
Mobile Edge

End-to-End

Indoor

Security

Based on Urvik, S, Neuens, and Viavi (2022).

Next: 20) Why NPN?



Why Non-Public Networks?

COVERAGE

Private networks cover
large areas and can
operate in different
frequencies

(L

CAPACITY

Can connect thousands
of high-density devices
concurrently

Based on Urvik, S, Neuens, and Viavi (2022).

)

RELIABILITY

From leveraging
carrier grade design
principles to operating
in managed shared
access or licensed
spectrum

SECURITY

Built ground up to be
highly secure leveraging
security protocols
inherent in P5G
networks

Next: 21) Members of the NPN ecosystem

@

SERVICE
FLEXIBILITY

Native advanced
service flexibility
through capability like
network slicing and
support of mission
critical and non-mission
critical applications




Members of the NPN ecosystem

Deployment and Mobile Network System Integrator Enterprise
Service model Operator Provided Designed, Deployed Designed, Deployed
Private Network and Managed and Managed

Network and Network Equipment Manufactures,
Infrastructure Provider Cloud Provider, Device and Component Providers

Mobile Network Telecom OT System

Operator Integrator Enterprise OT/IT

Design and Deploy

: Telecom System
Mobile Network Integrator or Enterprise OT/IT

Operate and Manage Operator Enterprise OT/IT

Enterprise Users, User/Consumers User/Consumers
End Users Consumers and and Enterprise and Enterprise
Enterprise Customers Customers Customers

Based on Urvik, S, Neuens, and Viavi (2022).

Next: 22) Trends in mobile networks
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From 4G to IMT-2020: performance metrics for 5G

Peak data rate User experienced
(Gbit/s) data rate (Mbit/s)
IMT-2020
Area traffic
) Spectrum
capacity ' . efficienc
(Mbit/s/m?2) 10 : [’ . ) 3x Y
| I'|
| |
| II
100x .\ o ’ o/ 500

Network

Mobility (km/h)
energy efficiency

Connection density Latency (ms)
(devices/km?)

Based on Keysight (2023b). Next: 24) Scientific and technological
challenges — 5G vs 6G



Scientific and technological challenges — 5G vs 6G

Peak data rate (Tbps)

Area traffic & ) .
capacity >1 User experienced
2 el data rate (Gbps)
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/’/ \‘\
Network energy / 011 o \\
efficiency / 0.1) " S \%3x S;.)fft.tuu‘n
100x AN 0.02 . Shisciency
/ 4 D ., \
/ [,' \\‘ \\
/ | ()X/l 0.0 I’ P Tt 4 5 \
[ 3 \ \
1 ’; ] X 3 \ n
Connection | ] ! \ i - s
dansLilv = ! / 1200 § 500 \>h()i) Mobility
(dcviccs/finﬁ) =107 \ 1()6'-‘ ‘\ ," :- } (km/h)
\ 1 7 |
| ,.
‘\‘ /
5G (INIT-202 <l
Latency (ms)
Security capacity N\, f @ T=seea -
6Gnetwork  (Cost efficiency

Coverage
v
Next: 25) Innovation and environmental

Intelligence level
sustainability challenges

Based on You et al. (2021) apud Silva, Batista Jr, Sousa, Mostaco, Monteiro,
Bressan, Cugnasca, and Silveira (2022).



Innovation and environmental sustainability challenges

&

% loT: 100 billions in %

2 @ R R R @ @ 2030 (TOMAS, 2023)
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Based on Roseboro, Capuano, and Barbieri (2019). s

Next: 26) NSO



Network Service Orchestration (NSO)

i 4G/5G NSA : 5G SA
Feature of Slice Static 5G SA Static Dynamic
Automated with orchestration No No Yes
High scalability and variety of attributes No Medium Yes
Required infrastructure Core 4G Core 5G SoliE 9 8

Orchestration

Based on Bourdot (2022).

Next: 27) Network slicing throughout different Orchestrators



Network slicing throughout different Orchestrators

Network Slice Network Slice
Descriptor I@ Request

Domain
Orchestrator
RAN Slice TN Slice T CN Slice
Descriptor Descriptor | Descriptor
1 _Local Requirements |
1 L
RAN Orchestrator TN Orchestrator
RFV Radio NFV Network NFV Server
Manager Monitoring Manager Monitoring Manager Monitoring
Coverage ces Path .o Computing ces
Provisioning Provisioning Provisioning
Function
Placement

Network VRF VRF VRF i VNF VNF VNF || VNF VNF VNF
Slice #1 ) #N

LN . W

L]
I'
Network VRF VRF VRF VNF VNF VNF VNF VNF VNF
Slice #N #N
RAN Slice TN Slice CN Slice

Based on Santos et al. (2020).
( ) Next: 28) 5G networks facing their potential: R&D



Standardization /=3

Institutes

Throughput

Network
Slicing

OTTs i

Analytics
Telecom and vt

Computing
Industry

o=

5G networks facing their potential: R&D

Orchestration Cloud-native

|

Resilience Connectivity

Security

Regulatory
Bodies

Network
Core
SBA

"Anyhaul”
Transport

Artificial
Intelligence

Intelligent
Automation

Mobiles

Telcos

\=ny

Next: 29) What to expect?



What to expect?

] Networks

= standardized (YEH; HUYSSTEEN, 2023; YOU et al., 2021)

» disaggregated and “open” (OLIVEIRA; BATISTA JR; NOVAIS; TAKASHIMA;
STANGE; MARTUCCI JR; CUGNASCA; BRESSAN, 2023; QUALCOMM, 2019)

= segregated (AFOLABI et al., 2018; BOURDOT, 2022; SOUSA; PEREZ; ROSA;
SANTOS; ROTHENBERG, 2019)

= distributed cloud (BATISTA JR; MOSTACO; SILVA; BRESSAN; MARTUCCI JR;
CUGNASCA, 2019; ROSEBORO; CAPUANO; BARBIERI, 2019)

= predictive (BATISTA JR; SILVA; MARTUCCI JR; SILVEIRA; CUGNASCA; 2021;
YEH; HUYSSTEEN, 2023)

= to immersive experiences (YOU et al., 2021)

. ” (KESHISHYAN, 2023)

Next: 30) What is 6G all about?
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Common vision emerging from early 6G research

Digital World
/ TN oW
/ | Connected ) \ "
!/ Intelligence \ i & -
_Ego, S \ Al / ?'n \ ___)
EVE “ 2
i L
\ I
/

\ A
S O S

-

‘.

Physical World Human World

Based on Scrase and European Telecommunications Standards Institute (2023).
Next: 32) Digital and physical realities



Digital and physical realities

Humanand
society needs

Digital
reality

Q

The Intemet
of Senses

™

P o e S

&

Digitalized and Connected
programmable world intelligentmachines

= E—
¢ N ". .‘ / o “‘ .'.- /

]

et

Y

Connected
sustainable world

Physical
reality

Cybesphysical world
enablementexamples)

6G network
platform

Based on Frodigh and Ericsson (2023).

Sensing

(clll»)

Limitless
connectivity

Cybermphysical mapping and analysis

) 45,

Preventive action

&

Network
compute fabric

Next: 33) 5G and 6G spectrum ranges




5G and 6G spectrum ranges

Spectrum range for future radio access
7- 20GHz “sub-THz”
] | ] | ] ]

\.

1 GHz 3GHz 10 GHz 30 GHz 100 GHz 300 GHz
I Current 5G spectrum ranges B Possible new 6G spectrum ranges
e ) 4 )
“Existing” spectrum “New” spectrum
e sub-6 GHz important for coverage e 7- 20 GHz - highly relevant range
e Dynamic spectrum sharing with 5G essential e “sub-THz” - for specific scenarios
J/ \. J

Based on Almeida and Ericsson (2023).

Next: 34) Moving forwards



Moving forwards

Conceptual
(abstract, understanding)

———————————————————————————————————————

] 5G/B5G! (System)

: 5G-Transversal _(Framework)

1 H

: H

1

1

1

|

: Map Model

Static : ...................................................... ....................................................... persesmnei s

(structure, l Process
elements) ! Proc%edure

:

! Technique

: Tool

:

1

!—————————————————— ————————————————————

Applied

Fonte: adaptada de Shehabuddeen et al. (1999).

Representation

Dynamic

(interaction,

causality)

yoeouddy

For further information, please download this doctoral thesis at
https://doi.org/10.11606/T.3.2023.tde-12092023-081721
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