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What | will talk about?

You know already
NTN architectures, LEO constellations,
routing challenges, optical links,

DTN concepts...
What | will talk about?
= Why Industry Cares About NTN
=» Industrial Traffic Is Different
= Example — Satellite-Assisted Industrial Control
= Where Current Assumptions Meet Industrial Reality

=>» Emerging Research Directions
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Why Industry Cares About NTN

Industrial operators adopt NTN because of:
Coverage gaps
Resilience
Mobility
Faster deployment
Sovereignty

Maritime & Transportation:
* Tracking of trains * Global operations
* Train control * Remote services

Satellite Computing Networks enabling industrial use cases - a
case study across time horizons

Markus Sauer, Florian Zeiger, Carlos Guimaraes, Elizaveta Boriskova
IAC 2025 proceedings, 76" International Astronautical Congress (IAC)

Seamless and Reliable Railway Systems: A Case Study on
Integrating Satellite Communication and Computing for =i -
Continuous Operations Energy grids

Yannic Breiting, Carlos Guimaraes, Markus Sauer, Florian Zeiger » Temporary and dynamic large * higher degree of grid automation
IAC 2024 proceedings, 75th International Astronautical Congress (IAC) infrastructures « Remote substations
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Industrial Automation:
* Remote Outage Service
* Plant Monitoring

.

i e b;/ Micro‘spftCopilot
Critical Infrastructures, Civil Security:
* Network Resilience
« Situational awareness
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Industrial Communication Services via Non-Terrestrial Networks:
Requirements and Challenges

Most NTN discussions focus on connecting users.

Industrial systems require connecting machines,
automation systems, and safety-critical services.
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Industrial Traffic Is Different — it is not just connectivity

Massive telemetry E2E Message Delay
millions of sensors |
delay tolerant

Monitoring
seconds

Supervisory control
hundreds of milliseconds
Many actuators

4490 4500 4520 4540 4560

Closed-loop control S

Tens of milliseconds
Packet priorities and ordering
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Example — Satellite-Assisted Industrial Control (1)

Robot remote operation via 6G satellite system
Satellite system supports satellite computing
Satellites are hosting industrial controllers (vPLCs)

Programmable Network enables handover of the control
application between mobile vPLCs

Application and industrial services give requirements
E2E service quality is achieved by programmable networks

I application for pose
stimation

video camera RT stream Satellite 1

RT stream

Extracted coordinates

PROFINET Stream

Video stream

Real-time control and
monitoring!

Softwarized control

N

Satellite
sytem

2 RT streams Satellite 2

remotely operated
robot

programmable network
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Example — Satellite-Assisted Industrial Control (2)

Key results of our experiment:

v Cross-layer coordination (app, transport, network)

v/ Maintain real-time control integrity

v Resilient system behavior with seamless handover across terrestrial/non-terrestrial links

=31 &

Emulated Satellite Computing Network Remotely Operated Robot Process Output Quality

Which networking abstractions are needed to make this feasible at scale?

(3) Data Centers Manufacturing Steel: Rethinking Industrial Networks in the Age of IT; Nikolaos Mitsakis, Marco Reisacher, Matthias Eichholz, Yannic Breiting, Harald Albrecht, Andreas Blenk, and Oliver Hohlfeld; 24th
ACM Workshop on Hot Topics in Networks (HotNets ‘25)

(4) DEMO: P4PLC: How Dynamic In-Network Control Enables an Interruption-free Migration of vPLCs ; Nikolaos Mitsakis, Andreas Blenk, and Oliver Hohlfeld; ACM SIGCOMM 2024 Conference: Posters and Demos

Page 7 Unrestricted | © Siemens 2026 | Dr. Florian Zeiger | Foundational Technologies — Research & Pre-Development — Connectivity & Edge SI E M E N S



Requirements That Space Networking Researchers Should Care About

Requirement Why it matters

Predictability Unknown latency changes and latency variance often hurt more than latency
Service continuity mobility & handovers

Failure transparency applications need understandable failure modes

Multi-path resilience TN + NTN coexistence / convergence

Trust and security critical infrastructure

Time awareness industrial synchronization

Compute awareness workloads move together with traffic
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Where Current Assumptions Meet Industrial Reality

Internet / Industrial Open Question

NTN Layer Challenge

Transport Deterministic Is transport aware enough of path
services over heterogeneity?
TN+NTN

Routing LEO mobility & Should routes follow services rather

service continuity

Computing Satellite edge

Operations

computing

domains

than endpoints?

How do we name and migrate moving
functions?

Multiple operators & How can an intent be expressed e2e?

Multi-RAT Dual Connectivity Using MPTCP: Bridging Emulation and Real-System Deployments

G. Makropoulos, H. Koumaras, V. Pitsilis, S. Plastras, C. Guimaraes, E. Boriskova, F. Zeiger, M. Sauer, V. Koumaras, P. Papachronis

11th IEEE Conference on Network Functions Virtualization and Software-Defined Networking (IEEE NFV-SDN 2025)
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Current assumptions:
One path
Congestion-driven adaptation
Throughput optimization

Industrial reality:
resilience > throughput
continuity > peak performance
failover w/o disrupting control loops
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Where Current Assumptions Meet Industrial Reality

Internet / Industrial Open Question

NTN Layer Challenge

Transport Deterministic Is transport aware enough of path
services over heterogeneity?
TN+NTN

Routing LEO mobility & Should routes follow services rather
service continuity than endpoints?

Computing Satellite edge How do we name and migrate moving
computing functions?

Operations Multiple operators & How can an intent be expressed e2e?

domains

Current NTN work often focuses on:
satellite mobility
topology changes
path optimization

Industrial reality:
the application may move too
control functions may migrate
digital twins might relocate and need
synchronization
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Where Current Assumptions Meet Industrial Reality

Internet / Industrial Open Question
NTN Layer Challenge
Transport Deterministic Is transport aware enough of path What is happening:
. . ’? -
_srtla\lr-\lﬁfar&",\lover TEEREENEI Increasing connectivity + computing + control
Satellite-Computing-Networks?
Routing LEO mobility & Should routes follow services rather
service continuity than endpoints?
Computing Satellite edge How do we name and migrate moving
computing functions?
Operations Multiple operators & How can an intent be expressed e2e?
domains
Towards Space-Based Edge Computing and Connectivity as global Industrial Backbone — A Lab Setup for
Industry Applications
Markus Sauer, Florian Zeiger, Hans-Peter Huth, Yannic Breiting

2022, 73rd International Astronautical Congress

Satellite-based Data Lakes: A technical Case Study based on existing Cloud Technologies
Markus Sauer, Alessio Netti, Elizaveta Boriskova, Florian Zeiger
2024 75th International Astronautical Congress
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Where Current Assumptions Meet Industrial Reality

Internet / Industrial Open Question
NTN Layer Challenge
Transport Deterministic Is transport aware enough of path Industrial operators don‘t buy routes
services over heterogeneity? i
TN+NTN
Routing LEO mobility & Should routes follow services rather They buy outcomes:
service continuity than endpoints? Cont.rol Iate_ncy <X
Service uptime > Y
Computing Satellite edge How do we name and migrate moving Secure operation
computing functions? Graceful degradation
Operations Multiple operators & How can an intent be expressed e2e?
domains
Line Differential Protection using Satellite Communication
Philipp Stachel, Carlos Guimaraes, Florian Zeiger, Andrej Gérbing

Protection, Automation & Control (PAC) World Conference 2026

5G for Mission-Critical Communications: Technology Components and Demonstrators
F. Zeiger, K. Turbic, B. Richerzhagen, Y. Breiting, C. Guimaraes, M. Heshmati, B. Kloiber, B. Mecklenburg, D. Schaufele, S. Stanczak
IEEE World Forum on Public Safety Technology (WF-PST) 2026 (to be published)
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Emerging Activity Areas

= How should industrial applications express service intent to
highly dynamic NTN infrastructures?

= Can communication and computing resources be managed as a
single system?

= How should multi-path TN-NTN services expose reliability
guarantees?

Do we need industrial profiles of future NTN architectures?

\

How can digital twins support network operation?
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NTNs are becoming industrial infrastructure.
Industrial services introduce requirements beyond connectivity.

Communication, computing, and control must be considered jointly.

s w0 Dh =

TN-NTN convergence creates new Internet research questions.

Current NTN research mainly optimizes paths between nodes.
Future industrial NTN systems may need to optimize paths towards services
whose execution location can change dynamically across terrestrial and non-
terrestrial compute resources.

... and what is next?
- Satellite Computing Networks ?

- Space based manufacturing ?

SIEMENS
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Subject to changes and errors. The information given in this document
only contains general descriptions and/or performance features which
may not always specifically reflect those described, or which may
undergo modification in the course of further development of the
products. The requested performance features are binding only when
they are expressly agreed upon in the concluded contract.

All product designations may be trademarks or other rights of

Siemens AG, its affiliated companies or other companies whose use by
third parties for their own purposes could violate the rights of the
respective owner.
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