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**6G Use Cases, KPIs and Requirements

** Current Network Operator Infrastructures and Services
s Towards 6G Operator Networks: Research and Innovation Actions
** Use Case: Intelligent Network Capacity Management

** Concluding Remarks
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Evolution of Mobile Networks
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With even larger capacity, higher speed, lower delay,
and higher reliability, it may be possible to have
conversations using real-time 3D images and
remote treatment using robots.

X
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https://orbray.com/magazine en/archives/385

Real-time live distribution with 4K and &K images

Responding to the increase in communication traffic
such as the development of loT
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Evolution of Fixed Transport Networks
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of 6th Generation of Fixed
Networks (F6G): Challenges and
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6G Use Cases
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Immersive sport event " Interconnected loT micro-
networks
Merged reality game/
work > Enhanced public protection
Ume conts®,
rasacil 1
Massive Enabling E-health for all
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6G Use Cases and Requirements
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D2.1: Definition of Use Cases, Service Requirements and KPIs/KVIs, DESIRE6G project deliverable, 2023
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6G Use Cases and Requirements

* Intelligent Image Monitoring ¢ Latency Sensitive Robot Control
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6G Use Cases and Requirements

Use Case E2E Bandwidth Reliability Availability Scalability
% Cloud Rendered Gaming eney 1 & (perfow
5ms for the -
. network
° ngh th roughput e 100Mbps Number (?fdrones
AR/VR (ideal (uplink) 99% NA per service: 1/10
° Low |atency didfon 130Mbps- Number of users
total 960Mt?ps per service: 100
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i Digital Twin 1-100 ms 1-1000 99.999% | 99.999% to 1-50 nodes
for the Mbps 99,999999%
Gemer st network
Image Monitoring 2ms - 20ms
i for the 10-50Mbps | 98-99% 99.9999% 1-50 nodes
network

o / P oy / Game render server 05 -10ms
%g p 1Mbps to " "
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Other user - \ HERETE few G bpS
& g 2?;3}”;5 10Mbps to | Command:
0, =
/ siubibntiby network | 150 Mbps 99.999% Kk 1-100 users per
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o <120ms
Qihirsane: user) 98%
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Other user o —
DESIRE6G
Other user

unidimensional 0.5 ms Few Gbps | 99.999% | 99.999999% Hundieds of

. endpoints
maximum target
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Common High-Level View
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D2.1: Definition of use cases, requirements, and reference network architecture, BSG-OPEN project deliverable, 2022
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4G LTE & 5G NSA

Macro cells 4G LTE & 5G-NR FDD Small cells 5G-NR TDD mMIMO
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D2.3: Techno-economic Analysis and Data Set Definition, DESIRE6G project deliverable, 2025
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Generalized Open 5GS (5G System)

Directional Sector Per Frequency Band
Antennas RU RU RU
0° 120° 240°
l , RUs GPS
sync
fronthaul

10 Gbps p2p
DU COTSh

servers wit
3-sector, 120° antennas DUs 10 Gbps NIC

2T4R or 4T4R MIMO

\O/ midhaul

() , backhaul
\

et mem BeACA®] | § Non-RT RELAL®,
UPF S\
(AP (59 ) P ) (U0 (U5K ] RIC

OTA Mini-symposium 13 |



NESTOF

DOCTORAL NETWOF

UNIVERSITAT POLITECNICA :..
DE CATALUNYA oo
BARCELONATECH cese

Fixed Transport Network
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** Rural

* Population: 160k
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¢ Urban

Population: 300k
Area: 54 km2
Simplified e2e view
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R Service Traffic Analysis

Weekly Traffic
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Service Traffic Analysis
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Traffic Increasing Trend

Actual Telefonica Traffic
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Service Traffic Flows
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M. Ruiz et al., "Network Traffic Analysis under Emerging Beyond-5G Scenarios for
Multi-Band Optical Technology Adoption," IEEE/OPTICA JOCN, 2023.
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Function Placement Affects Network Traffic
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Key Technologies (Data Plane)

NESTC

s* Multi-band (MB) optical transmission

¢ Space Division Multiplexing (SDM)

*» Integrated ,high-capacity, and programmable packet-optical devices
¢ Point-to-multipoint coherent optical transceivers

¢ Scalability and adaptability to access/aggregation/core

¢ Reduced cost and enhanced power consumption efficiency

¢ Optical layer security

OTA Mini-symposium 31 |
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Towards High and Full Autonomous Networks

Autonomous networks levels

LO: Manual L1: Assisted L2: Partial L3: Conditional L4: High L5: Full
Level Definition Operation & Operation & Autonomous Autonomous Autonomous Autonomous
Maintenance Maintenance Network Network Network Network
Execution
Awareness
Analysis
Decision
Intent/Experience
Applicability Select scenarios All scenarios

P: Personnel, S: Systems

“Autonomous Networks: Empowering Digital Transformation For The Telecoms Industry,” TM forum White Paper
OTA Mini-symposium 32 |
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+*» Service
Provisioning
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Towards High and Full Autonomous Networ

L4: High Autonomous L5: Full Autonomous

Network Network

Services take hours

. Services take
to provision.

minutes to

: rovision.
Services and P

changes to those
services are fully
expressed in intent
by the customer
through a Service

Intent is provided
by the customer
interacting
through Service
catalogue APIs

catalogue and infrastructure
( _ \ is fully intent

Seryices are driven.

assigned and

des'gned Auto-generated

automatically from f ifl

intent RS

specifications in steps based on

the catalogue the intent

¢ expressed in the
Resources are catalogue.
dynamically created e

\on geriand. automatically

provisioned and

Intent is translated

: > red.
into automatic siing
network activation, Network is
but some aspects Srnaril
remain static with p Y
composed of

some manual work ; i

: virtualized
required (for z
network physical infrastructure
infrastructure).

¢ Closed-loop
control

L4: High Autonomous L5: Full Autonomous

Network

Services take
seconds to restore

(Automated closed
loop end2end

Large parts of the
autonomous
network are fully
automated with
closed loop control
happening based
on real-time views
of telemetry

Fully
programmable
interfaces allow
software control of
the autonomous
network. DevOps

ully implemente

Real-time insights
on network
performance are
automatically
created and
provided to
operations -
DevOps.

Network

Services never fail

Self-optimised,
Self-healing
network

Fully zero touch
management

The netwaork is
fully Autonomous
and control
systems work in
closed loop
permanently, with
real-time views of
the network
available.

Information is
analysed in real-
time by Al expert
systems and
changes happen
in split seconds
automatically.

No manual
intervention is
required except in
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Key Technologies (Control Plane)

NESTC

** Pervasive Monitoring and Streaming Telemetry

¢ Artificial Intelligence/Machine Learning (Al/ML) service management and orchestration
** Multi-Agent Systems (MAS) for near-real time control

*»* Network Digital Twins

¢ Constrained service provisioning, function placement and resource allocation

¢ Zero-Touch and Intent-based Networking

¢ Secure Control and Management Planes

OTA Mini-symposium 34 |
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B S G Recent RIA Initiatives
o] - \
< B5G-OPEN OPEN

* H2020-ICT-2020-2, G.A.: 101016663, https://www.b5g-open.eu/project/

+* Relevant Features

Optical Continuum Concept
MB Optical Systems and Devices (C+L+S)
Control plane adaptions to support MB and ‘domain-less’ networks ‘

T

Distributed and Intelligent Optical Telemetry

' Telemetry Manager
‘ SDN control % Telemetry Manager Other

Architecture - E> aRPC ‘ Telemetry
Algorithm | f
o Telemetry Control <"1 | Interface g - nterfaces

Noge Aucat L. Velasco et al., "An Intelligent Optical
) 2) Telemetry Architecture," in
Optical Network [ Data IKrtelemetry| ~ Proc. Optical Fiber Communication
| Source# Adaptor “ mp | Algorithm Conference (OFC), 2023.
OTA Mini-symposium , = 35 |
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Ongoing RIA initiatives

SEASON

+»» SEASON
e HORIZON-JU-SNS-2022, G.A.: 101096120, https://www.season-project.eu/

** Relevant Features

* MB-over-SDM
technologies

* Coherent

Slice Manager

Service Management & Orchestration

pOint-tO-multipOint ___RAN Domain _ Transport Network Domain Core Network Domain
tra nsceive rs i Non-Real i E Transport Network E Core Network
' | TimeRIC : : Orchestration | Orchestration
* Integration/Coordination | | | i
RAN’ leed Access’ i Near-Real i i SDN Control i
! Time RIC ! ! |
Transport : . 7 S R
7 // I \ \\ \"“:\::“‘
~ S~
- \ ~ ~
n = & o
S. Wang et al., "Context-based > 2 > B-H
. . \
e2e Autonomous Operation in — N\ AN
\
B5G Networks," MDPI Sensors, Optical m
P \ Metro-Core
2024 Access | Paag AN
. TP TP l:I -------- . ! o>
BS / HL5 HL4 /HL3 | LIS — HL3/HL2
Optical Connectio Aggregation

OTA Mini-symposium
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Ongoing RIA initiatives

SEASON
2+ SEASON Ed

e HORIZON-JU-SNS-2022, G.A.: 101096120, https://www.season-project.eu/

& a ; % = NC C t tral allocati d k< Spectrum Shift R
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. .. _— A Txa
¢ Optlcal Layer Dlg Ital > Agent Current spectral Spectral e Kﬁsgteii:pec"al Traffic
T H (1 1 ™1 allocation and allocations Int. Agent
WIins Traffic traffic and capacity Traffic—-»  Tx2 v —>pnt. Agent) et
. . 'b d | estimation | . Traffic - TX2 " Int.
Distribute MAS _— ! Re
. Traffic i RS Int. Agent Hub Node Hub Nod
u oae
and data-driven Rx . —»{int. Agent
P Agent Hub Node Trafbe~ e X0
closed control loops rrag > a0 Leaf Nodes bl -
\_ Leaf Nodes (a)/ \_ (b)/ \_ (C)/
18
( ARA! 1 16 i . 1r = -I
i ]\J@L L siies: o |
= o B .ﬁ. - f\ d“ H. Shakespear-Miles et al.,,
ol A = (T . .
o | P2 O | 12 a1 | A i1 1 e "Centralized and Distributed
] e LTy .
1zc3> ™3 :]-'"?xg' o £ 10 ILIJ ‘j Approaches to Control Optical
P e - @ 8l e Point-to-Multipoint Systems
Q L ) .
= | 1xa 4 Hub Node ® 6 = Near-Real-Time," |EEE  JOCN,
AAA sl ——— DD-MAS
]/. T ey 2024.
x5 2+ MSG
\ J . ) ) . . ) . . ) ) .
0 2 4 6 8 10 12 14 16 18 20 22 24 37 |
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Ongoing RIA initiatives

«» ALLEGRO
* HORIZON-CL4-2022-DIGITAL-EMERGING-01, G.A.: 101092766, https://www.allegro-he.eu/

** Relevant Features

* 10 Tb/s for optoelectronic devices and 1 Pbt/s for optical fiber systems
* MB & multi-fiber technologies for P2P and P2MP applications
* Optical and Quantum Digital Twins

e Optical Layer Security
+* DESIRE6G
e HORIZON-JU-SNS-2022-STREAM-B-01-01 - System Architecture, G.A.: 101096466, https://desire6g.eu/

** Relevant Features

* Deep Network Programmability

e Zero-touch Control, Management, and Orchestration Platform
* Native Al Integration

>DESIRE6G ¢

OTA Mini-symposium 38 |
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*¢* Which is the best model?
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100
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traffic prediction
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Model 2 Performance
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Traffic Modelling Approaches

¢ Explainable Approaches

Easy to fit and explain

* ARIMA _
« Piece-wise linear Do not retain well short-term behaviour

Slow to adapt to sharp changes

* Polynomial fitting

—

—_

** ML-based (Supervised Learning)
Good trade-off between complexity and accuracy (FNN)

* (Deep) Feedforward Neural Networks

* Recurrent Neural Networks RNN and CNN promise short and long term accuracy
* Convolutional Neural Networks but are difficult to tune

_

+** Reinforcement Learning (RL)

Dynamic adaption and learning, capture short and long term

* Q-learning L
* Deep RL: DQN, TD3

Critical to define proper reward functions and
hyperparameter tuning

OTA Mini-symposium 44 |
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RL-based Capacity Management

' From SDN
RL agent VLInk Controller
Intent
State, Actions Max Capacity,
reward Granularity,
Period
Environment J-
A
N < Transponder
Connection Required Config Agent (Rx)
Capacity Capacity Map [
p \ j SC configuration
Capacity
exhaustion I Config Map,

A
Policy Detect SC
L Manage SC I
Monitoring g. < activation and
| I ‘ config L
Y Transponder deactivation
Agent (Tx) A ¢

) T | O o B

L. Velasco et al., "Autonomous and Energy Efficient Lightpath Operation based on Digital Subcarrier
Multiplexing," IEEE JSAC, 2021.
OTA Mini-symposium 45 |




@ i i33: INESTOF
L

BARCELONATECH oo DOCTORAL NETWOF

lllustrative Results

250 (a) MaxSC Capacity configuration (b) Adaptive - All configurations (c) Adaptive - Selected configurations (d) Adaptive — 16QAM configurations

200

150

100

50

Traffic and Capacity [Gb/s]

input traffic
capacity

—SC1 ——SC2 SC3 ——SC4

80
70 - -
| |
50 T T T -
40 s
30 -
20 -

10 3
0 1 I 1 1 | 1 | 1 1 | L 1 L 1

_ High Traffic Profile Low Traffic Profile

SCs Active Capacity [Gb/s]

maxSC adapt-all adapt-sel adapt-16Q maxSC adapt-all adapt-sel adapt-16Q
#Changes per da 8.8 51.2 51.2 23.2 0 68 82.4 44
Energy savings [%] 37 38 39 39 65 69 70 69

Packet Loss [MB] 4.8 14.9 11.4 14.9 0
Queue (max) [MB] 16 16 16 16 0 9 8 8
Queue (avg) [MB] 0.3 1.4 1.4 1 0 1.2 1 0.7

N ‘ L. Velasco et al.,, "Autonomous and Energy Efficient Lightpath Operation based on Digital Subcarrier
OTA Mini-symposium Multiplexing," IEEE JSAC, 2021. 46 |
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lllustrative Results

- (a) PREDICTIVE - MaxSC (b) PREDICTIVE - Adaptive - 160AM () Q-LEARNING - MaxSC (d) Q-LEARNING - Adaptive - 16QAM
<
§ 200 3
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S 150 .
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S
T 100 3
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< I
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0 0.5 1 1.5 2 250 0.5 1 1.5 2 250 0.5 1 1.5 2 250 0.5 1 1.5 2 2.5
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- predictie | ___________Qqleamning __________|

High Traffic Profile Low Traffic Profile High Traffic Profile Low Traffic Profile
maxSC adapt-16Q maxSC adapt-16Q maxSC adapt-16Q maxSC adapt-16Q

#Changes per day 7.2 18.8 1.6 20.8 7.2 5.6 0 1.6
Energy savings [% 34 35 62 66 31 30 65 60

0 0 0 0 0 0 0 0
4.5 10.3 0 5 0 0 0 0
0 0.2 0 0.1 0 0 0 0
1 5 0 4 0 0 0 0
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Conclusions (1/2)

¢ 6G services and use cases are expected to require unexpected KPIs in terms of high-bitrate, extreme
ultra low latency, and reliable and secure performance

¢ Current network operator infrastructures are planned and deployed as hierarchical and segmented
domains built on high capacity optical networks (C band), packet switching networks, and static (low
dynamic) networks

¢ Foreseen evolution of background connectivity services is going to stress current network operator
infrastructures

*»* The advent and explosion of 6G services is going to exhaust network capacity resources in few years

+» Static/manual operation of transport networks does not scale properly to efficiently support highly
dynamic 6G services with strict QoS requirements

OTA Mini-symposium 49 |



NESTC

UNIVERSITAT POLITECNICA :. .
DE CATALUNYA .00
BARCELONATECH cee

Conclusions

** Operator transport networks are evolving towards extremely large capacity networks to support
unprecedented traffic demand

 MB, SDM, coherent optical access, integrated packet-optical devices
*» Large integration of computing and transport resources, natively in telecom infrastructures
* Programmability, flexibility, adaptability

** Al-based network control and orchestration is required and needed to achieve target challenging
requirements

* Pervasive and dense telemetry
* Al/ML control loops
* DTs, MAS

¢ Security is becoming an important and unavoidable aspect in network design, deployment, and
operation

* Physical Layer Security
* Secure Al-based Network Control and Management

OTA Mini-symposium 50 |
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