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DLR at a glance

ÅResearch Institution

ÅSpace Administration

ÅProject Management Agency
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Satellite Networks Department in a Nutshell

Å28 Scientists + 1 DLR-DAAD and 1 Munich-
Aerospace Fellows

Å4 Groups
ÅInformation Transmission (ITX)
ÅIntegrated Satellite Systems (INS)
ÅQuantum-Resistant Cryptography (QRC)
ÅSatellite Communications Techniques

(SCT)
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Staff

ÅSatellite Communications
ÅTransmission Schemes for RF Userlinks

(Broadband & Space IoT / mMTC)
ÅNetworking & Protocols for Non-Terrestrial-

Networks Integration with 5G and 6G

ÅSelected ĂQuantum-Topicsñ
ÅQuantum-Resistent Cryptography
ÅQuantum Error Correction

Main Research Topics
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Satellite Networks Department: Missions
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ÅSatellite Communications
ÅTransmission Schemes for RF Userlinks

(Broadband & Space IoT / mMTC)
ÅNetworking & Protocols for Non-Terrestrial-

Networks Integration with 5G and 6G

ÅSelected ĂQuantum-Topicsñ
ÅQuantum-Resistant Cryptography
ÅQuantum Error Correction
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Satellite Networks Department: Expertise

ÅIntegration of SatCom with other systems 

(5G/6G, GNSS, EO)

ÅMobile Edge Computing

ÅNetwork Slicing and Orchestration

ÅDTN Protocols
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Integrated Satellite Systems Group

ÅModulation and Error Control Coding

ÅSignal Processing

ÅMedium Access Control / Massive Multiple 

Access

ÅQuantum Error Correction

Information Transmission Group

ÅCode-based Cryptosystems 

ÅEfficient and Robust Encryption and 

Decryption Algorithms

ÅNew Methods for the Cryptanalysis

Quantum-Resistant Cyptography Group

ÅFade Mitigation Techniques

ÅInterference Management

ÅOn-Board Processing Algorithms (Switching, 

Routing, etcé)

ÅEqualisation and Signal Pre-Distortion

Satellite Communications Techniques Group
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Satellite Communications: Context and Motivation

ÅMulti orbit concepts

ÅRegenerative / autonomous payloads 

(also for GEOs)

ÅNo more ñdedicatedò waveforms?

ÅOptical ISLs and Feeder Links

ÅResilience as essential asset

Ą Satellites as Intelligent, Reliable and 

Secure Networks Nodes
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ÁMany ñNew Spaceò Initiatives ĄComing back of constellations & ñDemocratizationò of Space

ÁNTN (Non-Terrestrial Networks) Inclusion in 3GPP (5G / 6G)

ÁEU Secure Connectivity / IRIS2 Initiative

Ą Major technical innovations required



B5G NTN Projects at DLR KN
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ÅMain mission:

ÅDesign, develop and demonstrate a deeper 

integration of TN and NTN: 

ÅEnabling Technologies:

ÅRegenerative payloads for GEO and NGSO 

systems

ÅUnified radio interface for cost-effective

converged TN/NTN multi-tenant networks

ÅSoftwarised self-organised network 

architecture

ÅE2E AI-Driven Network Design



6G NTN Projects at DLR KN
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6G: Vision and Services

ÅB5G and 6G are expected to bring 

substantial evolution of the architecture and 

services envisioned for 5G:

ÅDeep use of ML/AI concepts

ÅNew frequency bands (i.e. THz+)

ÅEnergy efficiency

ÅFull system softwarisation

ÅEdge computing capabilities on 

demand

ÅNew services will be enabled:

ÅAR/VR/MR 

ÅHolographic telepresence

ÅE-health with haptic applications

ÅPervasive connectivity

ÅUnmanned mobility

Åé 
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from M. Giordani et al., "Toward 6G Networks: Use Cases and Technologies," in 

IEEE Communications Magazine, vol. 58, no. 3, pp. 55-61, March 2020

(with IEEE courtesy)
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6G Use cases and Scenarios
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Courtesy of IEEE: 

G. Liu et al., "Vision, requirements and network architecture of 6G mobile network beyond 2030," in China Communications, vol. 17, no. 9, pp. 92-104, Sept. 2020.
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IMT-2030 and Beyond Vision
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Unified 3D Networks
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© Copyright Airbus Defence and Space GmbH 2022

4G & Before 
Design optimized 

independently and exclusively 

for terrestrial networks 

5G & B5G
Design optimized for terrestrial network 

component 

Minimum impact to support integration of 

satellite for coverage and availability extension 

6G & beyond
Design optimized for both 

terrestrial and space 

components against a set of 

common goals 



NTN Reference Scenarios

ÅMultiple Connectivity

ÅMaritime and railway

ÅLEO, GEO complement TN

ÅDirect access (LEO), 

Integrated Access and Backhaul (IAB):
ÅFast network deployment

ÅTemporary gap filler

ÅDual connectivity between LEO and GEO

Å3D Multi-orbit, multi-layer network:

ÅInterconnected space assets

ÅMesh networks on ground and space
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NTN Reference Scenarios

ÅArchitecture & Service Distribution

ÅPoint-to-point LEO uRLLC V2X:
ÅUser Plane Functions

ÅMulti-access Edge Computing

ÅPublic Protection and Disaster Relief:
ÅDirect access, fast response

ÅDistributed 5G/6G systems for

private networks:
ÅOn-board control plane,

terrestrial user plane

Ÿ ultra-reliable signalling
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Network Architecture

ÅDedicated space links (RF or optical)

ÅBridged to terrestrial counterparts

ÅDirect interconnection to cellular terminal

ÅOr to intermediate points, backhaul

ÅCross-domain network orchestrator

ÅAdoption of Open RAN

ÅRadio Intelligent Controller

ÅDistributed learning strategies

ÅOptimize performance

ÅDistributed network control & management

ÅTimely, effective decision-making

ÅSoftware Defined Networking

ÅP4-based switch programming
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6G-NTN in a Nutshell
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ÅUnified and distributed-orchestration 

platform

ÅFull interoperability of the space 

segment to the integrated terrestrial 

wireless-wired network 

ÅFull exploitation of the peculiarities of 

the space segment 

Multidimensional

Multi-layered

Unified

Achieved

by means of



B6G+NTN Ecosystem: A Grand Vision
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Cognitive

Self-aware

Context-aware (weather, social, etc.)

Self-organizing heterogeneous (TN, NTN) networking systems

Dynamic network conditions (mobile, intermittent connectivity)

Enabling more advanced and pervasive Edge-Cloud continuum

B6G ecosystem



Networking Evolution for NTN boosted performance

ÅFuture space networks to become 

cognitive by observing and acting 

autonomously

ÅFull automation of network 

management and configuration 

tasks, 

ÅService-based networking (e.g., 

routing, forwarding, caching)

ÅIntent-based Networking on ground 

and space networks
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AI-Based

Service-
oriented

Cognitive
Networking



Main Building Blocks
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DTNRF+FSO 
links

Semantic
Comms

Multi -
domain 

orchestration

Multi -
level e2e 
routing

Trustworthy 
native-AI 
design

Multi -
level/orbit 
network

Green 
abstraction 
interfaces



Key characteristics

RF+FSO links

DTN

Multi-level/orbit network

Semantic Comms

Multi- domain orchestration

Green abstraction interfaces

Multi-level e2e routing

Trustworthy native-AI design
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Extended capacity

Resilience to distruption events

Multi-service extended coverage

Goal-oriented comms for optimised capacity

diversified user needs under very different

operating conditions

enabler to convey power control capabilities to

management/control planes

Congestion/load-balancing aware routing

Optimisation of TN and NTN segments jointly



3GPP standardisation with respect to NTN

Roadmap
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3GPP standardisation with respect to NTN

ÅMain scenarios:

ÅTransparent

ÅRegenerative
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3GPP standardisation with respect to NTN

ÅNTN standardisation:

ÅNTN in Rel. 17 contributed to a number of RAN 

specifications, aiming at defining the interfaces

for the integration of NTN (transparent) into the

rest of the 5G architecture

ÅNTN in Rel. 18 is contributing to the extensions

and enhancements of Rel. 17 specifications, 

still with satellite operating in transparent mode.

ÅProtocol stacks being defined for user- and 

control-planes.
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3GPP standardisation with respect to NTN

ÅFuture Plans:

ÅRel. 19 is expected to elaborate the case of

regenerative satellite payloads:

ÅgNB fully implemented onboard or

ÅCU-DU splitting between ground and 

space segments
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3GPP standardisation with respect to NTN

ÅRegenerative satellite connectivity: 
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ÅRegenerative satellite protocol stacks: 



3GPP standardisation with respect to NTN

ÅSatellite-to-satellite connectivity (e.g., 

constellation)

> NTN as enabler for holistic 6G architectures> T. de Cola  Å  ICTP > 21st November 2023DLR.de  Å  Chart 30

ÅSatellite-to-satellite protocol stacks



3GPP standardisation with respect to NTN

ÅMulti-connectivity scenarios (transparent)
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ÅMulti-connectivity scenarios (regenerative)



ORAN standardisation elements

(relevant to NTNé)

Å3GPP and ORAN together to boost 

openness and network implementation:

ÅA few open interfaces to allow advanced

operations and interworking at user and 

control plane

ÅDefinition of two RAN Intelligent 

Controllers (RICs):

ÅNon-Real Time

ÅNear-Real Time
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Open Points and Technical Challenges

Å3GPP with ORAN extensively studied and implemented for terrestrial networks, while NTN is a new

perspective:

ÅNTN is experiencing a new golden age, especially for the re-birdth of constellations

ÅMany satellite implementations are still black bloxes so that adoption of ORAN is not straightforward

ÅShort term evolution of NTN is towards the adoption of 5G-Advanced, for which the potentials of ORAN 

standards seem immediate (i.e. many initiatives at EU, ESA, and national level towards this goal)

ÅLong term evolution of NTN is towards 6G, i.e. multi-orbit 3D networks, hence making the profitability of

open standards even more profitable, but business models supporting such an openness still undefined

ÅFuture space nodes are expected to be smart nodes (i.e. not just regenerative satellite payloads), so that

computation and intelligence on board will become a consolidated practice

ÅBut satellite nodes will still be severly constrained in power, mass, and computation, so that energy

efficiency of ORAN functionalities and the overall integrated functions is a big question mark, subject to

additional investigations

ÅMany plans/ideas to launch satellites that will carry gNB, so that ORAN support seems particularly

desirable and attractive, but the road towards an operational concept is still long.
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Take-Home Message
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Anytime, anywhere, any-device connectivity 
through full-fledged 6G+NTN networks 
requires more advanced networking 
paradigms towards unprecedented 
performance offered to hyperconnected EU 
society and industry 



Bonus 

Material!
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Buzzword or reality?
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MEC in a nutshell

ÅMEC is the abbreviation for:

ÅMobile Edge Computing (as usual in the 3GPP terminology) Ą EDGEAPP in SA6

ÅMulti-Access Edge Computing (as usual in the ETSI terminology) Ą MEC ISG and DECODE WG

ÅThe main mission of MEC is essentially to provide:

Åintelligence,

Åcomputation capability, and

Ådata access directly at the edge of the network access

ÅThe main objective of MEC is to enable more efficient low-delay and high throughput services, hence 

supporting use cases such as:

Å video analytics

Å location services

Å Internet-of-Things (IoT)

Å augmented reality

Å optimized local content distribution and data caching
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Typical edge deployment in 5Gé.
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Satellite Opportunities for MEC

Overview

ÅMEC support particularly appealing to move data availability as much closer as possible to users, so as to 

reduce large latency typically experienced by satellite systems:

ÅCombination of edge caching and intrinsic multicast capability of satellites to optimise content delay and 

content penetration

ÅIntegration of MEC functionalities directly in the satellite access segment

ÅMEC intended as ñedge computingò to boost local computing (i.e., onboard satellite) to relief core network 

from excessive data distribution:

ÅSupport to IoT-based services by means of in-space edge computing

ÅMEC for possibly enabling low delay services (i.e., zero-perceived latency, relaxed uRLLC requirements) with 

LEO satellite constellations
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Earth Observation Mission
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Å Bandwidth reduction;

Å Processing image steps;

Å Power consumption;

ISL and HPC enables

satellite cooperation and 

task decomposition.

(courtesy of Thales Alenia Space Italy)
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Satellite Based Surveillance
Computational tasks:

ÅDetection;

Å Identification;

Å Parameters estimation.

Critical parameters:

Å Timeliness;

Å Refresh rate of

collected data.

ÅReal-time decision-

making

Å Latency (VLEO-LEO

constellation).
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(courtesy of Thales Alenia Space Italy)
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