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Converged 5G/TSN Networks
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Agenda

—

O Introduction to Converged 5G/TSN networks

J Validation Framework Architecture
(d 6GDetCom Simulator
d 6GDetCom Emulator

d Conclusion
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L! Converged 5G/TSN Networks

Traditional TSN networks:

1 Devices (endpoints and bridges) implement
TSN features

O Ethernet-links:
O Constant link speed
O Low packet loss
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= Converged 5G/TSN Networks

Traditional TSN networks:

O Devices (endpoints and bridges) implement
TSN features

O Ethernet-links:
O Constant link speed
O Low packet loss

Converged 5G/TSN networks:

d DetCom node needs to provide TSN features

O Wireless Links:
d Variable packet delay
O Higher packet loss
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Converged ¢G/TSN Networks
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DETERMINISTICsG Simulation and Emulation
Frameworks

Existing frameworks:

d Wired TSN networks:
=» No 5G features

d Wireless 5G networks
=» No deterministic communication mechanisms

Problem: There is no existing simulation/emulation framework to evaluate converged 5G/TSN
networks.

Goal: Evaluation platform for analysis of end-to-end deterministic communication in converged
5G/TSN networks.
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Simulation and Emulation Frameworks:
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Simulation and Emulation Frameworks:
Architecture

Port-to-Port Delay
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Simulation and Emulation Frameworks:
Architecture
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Simulation and Emulation Frameworks:
Architecture

Delayer modeling characteristic 5G PD
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Simulation and Emulation Frameworks:

Data-Driven Approach

d Novel data-driven simulation approach:
O Integrating real 5G measurements into TSN simulator
[ Only possibly through joint (contributions of various project partners)
J Validation at very early stage of 6G development possible

 Available PD models and data sets!*!:
1 5G experimental platform (KTH Stockholm)
1 5G testbed of industrial shop floor (Ericsson)
(d Wired TSN bridge (University of Stuttgart)

[1] Available on Github: https://github.com/DETERMINISTIC6G/deterministic6g_data
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Network Simulation vs Network Emulation

Everything is a model

Network stack
and
application

Network Simulation

Application Layer
Transport Layer
Network Layer
Data Link Layer

Physical Layer

Network Emulation

Application

—  Application is real
(under Test)

Transport Layer

Network Layer At least some parts of

" network stack are models
Data Link Layer

Physical Layer
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DeterministicséG Simulation Framework:

Architecture
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DeterministicséG Simulation Framework:

Features

Simulation of characteristic Packet Delay (PD):

O Histograms from real-world PD measurements
 PD distribution functions (e.g., a normal distribution)
(d Stochastic processes (e.g., a random walk process)
(d Delay Traces

Additional features:

(d Packet Delay Correction (PDC)

d Time Synchronization for Converged 5G/TSN network
(d Dynamic Scenarios w/ Scheduler Integration
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Example Usage:

Wireless-Unaware 802.1Qbv Schedule *without* PDC

Relative Arrival Time [ms]

0 2 4 6 8 10
Simulation Time [s]
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Limitations

Usage of histograms:

d Values are independently identically distribuited (i.i.d)

d State of simulation/DetCom node does not affect delays

Usage of delay traces:

O Parameters such as packet size do not affect delay

Both:

(TSN schedules or network load do not affect configured delays
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DeterministicséG Emulation Framework:

Architecture
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Deterministic6éG Emulation Framework:

Architecture
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DeterministicséG Emulation Framework:

h.
Architecture
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DeterministicséG Emulation Framework:

Performance

Good performance for a software solution:
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Limitations

Delays are calculated in advance and buffered in kernel:

(d Dynamic (non-stationary) delay distributions only at coarse time granularity
d Takes long time to change from Delay Distribution A to Distribution B
 Or if distribution changes continuously: long dead time

 Delays arei.i.d.
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DeterministicséG Emulation Framework:

Comparison

Simulation Framework Emulation Framework

Great to evaluate new Great to test real-world applications
models/approaches

Simplified model of real-world devices Real-world devices can be evaluated with
emulated 5G/TSN bridge

Delay distribution models are exactly Emulation as a software-component
configurable introduces additional error
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Conclusion

Open Source Code & Data

(d Data-driven evaluation platform for
converged 5G/TSN networks

(d Based on realistic delay models from real-

world measurements GitHub

https://github.com/DETERMINISTIC6G

d 6GDetCom Simulator and Emulator publicly

available on GitHub
 Datasets publicly available on Zenodo

https://zenodo.org /communities

/deterministicbg/
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If you need further information, please contact the coordinator:
Janos Harmatos, ERICSSON
E-Mail: coordinator@deterministicég.eu

or visit: www.deterministicbg.eu
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The information in this document is provided “as is”, and no guarantee or warranty is given that the information is fit for any
particular purpose. The content of this document reflects only the author's view — the European Commission is not responsible for
any use that may be made of the information it contains. The users use the information at their sole risk and liability.
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