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Satellite Networks Department in a Nutshell DLR

A 28 Scientists + 1 DLR-DAAD and 1 Munich-
Aerospace Fellows
A 4 Groups
A Information Transmission (ITX)
A Integrated Satellite Systems (INS)
A Quantum-Resistant Cryptography (QRC)
A Satellite Communications Techniques
(SCT)

Main Research Topics

A Satellite Communications
A Transmission Schemes for RF Userlinks
(Broadband & Space |oT / mMTC)
A Networking & Protocols for Non-Terrestrial-
Networks Integration with 5G and 6G

ASel ected -AQpiacs i m - | LEO
A Quantum-Resistent Cryptography ( A))
E DLR

A Quantum Error Correction




6 > NTN as enabler for holistic 6G architectures> T. de Col a A I CTP > 21st November 2023

Satellite Networks Department: Missions DLR

GLOBAL
CONNECTIVITY

FOR PEOPLE AND MACHINES

A Satellite Communications
A Transmission Schemes for RF Userlinks
(Broadband & Space |oT / mMTC)
A Networking & Protocols for Non-Terrestrial-
Networks Integration with 5G and 6G

ASel ected -A@Qpians i m
A Quantum-Resistant Cryptography

2 A Quantum Error Correction
DLR
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Satellite Networks Department: Expertise EDLR

Integrated Satellite Systems Group Quantum-Resistant Cyptography Group

AlIntegration of SatCom with other systems ACode-based Cryptosystems

(5G/6G, GNSS, EO) AEfficient and Robust Encryption and
AMobile Edge Computing Decryption Algorithms
ANetwork Slicing and Orchestration ANew Methods for the Cryptanalysis

ADTN Protocols

Information Transmission Group Satellite Communications Techniques Group

AFade Mitigation Techniques
Alnterference Management

AOn-Board Processing Algorithms (Switching,
Routing, etcé)

AEqualisation and Signal Pre-Distortion

AModulation and Error Control Coding
A Signal Processing

AMedium Access Control / Massive Multiple
Access

AQuantum Error Correction
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Satellite Communications: Context and Motivation EDLR

AMany fANew SpadeCominnigt ibaatcikv eosf constell ations
A NTN (Non-Terrestrial Networks) Inclusion in 3GPP (5G / 6G)
A EU Secure Connectivity / IRIS? Initiative
A Major technical innovations required
AMulti orbit concepts Network functions (incl. Edge

i eso ntertode €30 resources)
ARegenerative / autonomous payloads ) T T OOQ
(also for GEOs) N RS

ANo more fidedicatedo wavefor ms? S
v & + unctions for on board

A Optical ISLs and Feeder Links - 002 ml— -Rea- O@Q N 0%
AResilience as essential asset R N

Service .

A Satellites as Intelligent, Reliable and ./ tgps .
Secure Networks Nodes | |
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B5G NTN Projects at DLR KN

oGy,
Vstardust

AMain mission:
A Design, develop and demonstrate a deeper
integration of TN and NTN:

A Enabling Technologies:

ARegenerative payloads for GEO and NGSO
systems

A Unified radio interface for cost-effective
converged TN/NTN multi-tenant networks

A Softwarised self-organised network ' (W 'S O-A|-O
architecture % g o

AE2E Al-Driven Network Design

‘ #7
DLR
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6G NTN Projects at DLR KN
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6G: Vision and Services

AB5G and 6G are expected to bring

substantial evolution of the architecture and

services envisioned for 5G:
ADeep use of ML/AI concepts
ANew frequency bands (i.e. THz+)
A Energy efficiency
A Full system softwarisation
AEdge computing capabilities on
demand

ANew services will be enabled:
AAR/VR/MR
AHolographic telepresence
A E-health with haptic applications
A Pervasive connectivity
AUnmanned mobility

Aé

| i DLR

6G architectures> T.

innovation

de Col a A | CTP > 21st November 2023

6G will contribute to fill the gap between beyond-
2020 societal and business demands and what 5G
(and its predecessors) can support 1-10 Gbps

GG A _ =

New Spectrum

Disruptive Technologies

100-1000 Mbps

virtualization

[ Cell-less Networks

Energy Efficiency

)
)
)
Disaggregation and ]
)
)

[ Artificial Intelligence

Internet of Massive broadband and
Voice calling SMS Internet Applications Internet of Things Towards a Fully Digital and Connected World
1980 1990 2000 2010 2020 2025-2030 time

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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0G Use cases and Scenarios

Intelligent Society
Intelligent Production Intelligent Agriculture

Agricultural production
process simulation

Super transportation

e

Multi-dimensional transportation
Customized and ultra-safety

/“/_ —
> e w: o *;;, VR <ot farnot &
. ANtE ngeu Lite B = W

.

N
multi-dimensional %

Universal Public Services

Space agriculture

senses exchange \ educational
\ resource
n ‘\ Supply and demand sharing
nano-robot \ balance

targeted therapy Learning ability

sharing

—
o Virtual tour

all-round munituring

of vital signs
Life skill
replication

pathological study

Menta development /’/
of chilcren /
’
Group care for

Courtesy of IEEE:

. Liu et al., "Vision, requirements and network archltecture of 6G mobile network beyond 2030," in China Communlcatlons voI 17, no. 9, pp. 92-104, Sept 2020
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IMT-2030 and Beyond Vision

Keywords in the presentations and mapping with [IMT.vision 2030 AND Beyond] sections

i Connecting the N\ ( Immersive/ Y /  Emerging New & evolved /" New & additional

physical, digital and Extreme services, enabling spectrum (e.g., 7-24

§ 2 “Trends” \__humanworld / \__ experience / \__ Metaverse technologies \__ GHz&subTHz)
4 . E A Geo location h & Time / Spectrum /Open network,\
Multi-sensory 2 .
_ y accuracy ) \synchronlzatlon K sharing \Mesh network )
a Societaland R @ Trustworthiness, R @ R A Voice/requirements\
: d Security, Privacy & Vertical industries for developing
\economlc Hees w @ Resilience y @ y & countries Y,
i Revolutionary use \ ([ ) / \ ; \
cases with 23 ; Sensing &
et Gbps/Thps Connectivity Al / Intelligence I

\_ requirements /) \ y & / \_ )
ﬂnterconnection of\ 4 N

terrestrial and non- Coverage Low latency, Sustainability, Efficienc

terrestrial extension Reliability Affordability y

\__technologies J \_ -

Standard by the Commercialization

4 year 2030 around 2030
DLR v




Uni fir ed 3D Net wor ks @6G-Take0ff

g™ Satellite Networks
N\
A MO |
A —~ Terrestrial Networks '_ _ Onified Design2030

A

Integrated
Design

‘sﬂ @e? Airborne netwo

AG & Before | .5-Gd<% B5G ) k ] §G c?c.b.eydofndb h
Design optimized Design optimized for terrestrial networ esign op_tlmlze or bot >
: . component terrestrial and space
independently and exclusively N _ _ _ :
: Minimum impact to support integration of components against a set of
for terrestrial networks : — :
satellite for coverage and availability extension common goals

© CopEright Airbus Defence and Space GmbH 2022
DLR
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NTN Reference Scenarios r TP —
= Space Edge Computing I
oN®. . s -~ e
i .. X s 74 "% t
AMultiple Connectivity \ Se % i o= M.\
A Maritime and railway SN R U Lol
ALEO, GEO complement TN swethe swan amesien ST N
ADirect access (LEO), ! $3 > 3
Integrated Access and Backhaul (IAB): RN AT
A Fast network deployment i7 . "o —
A Temporary gap filler & gl F4, pese s enereney
A Dual connectivity between LEO and GEO - 7 "DD- ‘°m"'""i°:;°:;’m_ce50 c
2.:.’5?“ e | pesmy famint
Mm?,:,mm Gfoynd Edge/Regional cloud(s) Edge/Regional Cloud(s)
B -y Cell sites “*"
o 1T = . X o
Terrestrial RAN

A 3D Multi-orbit, multi-layer network:
Alnterconnected space assets
AMesh networks on ground and space

(Ground Segment)

Multi-layered Satellite RAN

Beyond 5G Core Network

Regional/Central Cloud(s)
Service Platforms
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NTN Reference Scenarios r
= Space Edge Computing o

N®____ e ____

v.. 74 Koo
A Architecture & Service Distribution \ Yo, &

\

oN® <« — =\ N® — 4A-ER ®te

A Point-to-point LEO URLLC V2X: \ ;

A User Plane Functions % e
A Multi-access Edge Computing FE
& E

, . . : . 6:.3 '. 3

A Public Protection and Disaster Relief: > | g * o
A Direct access, fast response i "‘D n
Cross- (low powered devices)
Domain eMBB services
. . Service
A Distributed 5G/6G systems for Menagement —— .
and roun Edge/Regional cloud(s)
orch i station
Systems
T4 ==

private networks:
A On-board control plane,
terrestrial user plane
Y ultra-reliable signalling

t November 2023

Multi-layered Satellite RAN (Space Segmentp

Rescue & Emergency
(critical
communications)
eMBB services

Backhauling
(X-hauling)

Broadcasting
& Broadband

Edge/Regional Cloud(s)

Cell sites ‘_+~'

‘_*_'

Terrestrial RAN

Multi-layered Satellite RAN
(Ground Segment)

glonal/Central Cloud(s)

Beyond 5G Core Network

Service Platforms
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NetWOrk / \rChIteCture (" Multi-layered Satellite RAN (Space Segmentp
= Space Edge Computing
‘ . GEO nodes
o\’ _____ Tie S T . s o, o - .'.
\ 8
'.. ’.‘ \4'00 f
X 7 5\ S oy,
INL
\ ®le Y, N o'® . DR ., o,
\ NGO nodes - ) S
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: . S
A oS

A Dedicated space links (RF or optical)
ABridged to terrestrial counterparts
A Direct interconnection to cellular terminal

A Or to intermediate points, backhaul

A Cross-domain network orchestrator
A Adoption of Open RAN
ARadio Intelligent Controller

A Distributed learning strategies
A Optimize performance

A Distributed network control & management

ATimely, effective decision-making

A Software Defined Networking
AP4-based switch programming

I CTP > 21st November 2023
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Doc"”"l (low powered devices) ol o Backhauling Broadcasting
main e services z
X-haulin & Broadband
Service ( g)
Management
and G"°f‘“d Edge/Regional cloud(s) Edge/Regional Cloud(s)
Orchastvath station .y
" 12 = | = ’
Terrestrial RAN

Multi-layered Satellite RAN

(Ground Segment)
Beyond 5G Core Network

glonal/CentraI Cloud(s)

Service Platforms
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é Multi-layered Satellite RAN (Space Segment)\

o) Space Edge Computing

- o . GEO nodes

INL
L ey | - - e
*., 74 s
\ ‘4 // " \,:,OO’G f
INL
\ Cle vy, S Y
\ o NGO nodes - ,‘ & i
INLs K-}
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gatellite swarm H ""A HAPs fleet c:"\ : %
Ceos 2 & %
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. s Ry J
N
L
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. T N . ..
o N
- N\

Rescue & Emergency

a8 .
@ e ' ' : D mh
* D °* (critical
b ﬂ ~ communications)
7zt s D - eMBB services
. Backhauling Broadcasting
eMBB services (X-hauling) & Broadband

(low powered devices)

Edge/Regional Cloud(s)

Cross-
Domain
Service
Management
s Grm..md Edge/Regional cloud(s)
Orchestration station .
Srachs g q _ Cell sites
— I —
Terrestrial RAN

Multi-layered Satellite RAN

(Ground Segment)
Beyond 5G Core Network

Regional/Central Cloud(s)

Service Platforms

I CTP > 21st

November 2023

Multidimensional
Multi-layered

Unified

Achieved

by means of

AUnified and distributed-orchestration

platform
AFull interoperability of the space

segment to the integrated terrestrial

wireless-wired network
AFull exploitation of the peculiarities of

the space segment



DLR. de 2 >CINamNt as enabler for holistic 6G architectures> T. de Col a A I CTP > 21st November 2023

B6G+NTN Ecosystem: A Grand Vision

B6G ecosystem
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Networking Evolution for NTN boosted performance

A Future space networks to become
cognitive by observing and acting
autonomously

Cognitive
Networking

AFull automation of network
management and configuration
tasks,

Service . .
oriented A Service-based networking (e.g.,

routing, forwarding, caching)

A Intent-based Networking on ground

Al-Based and space networks
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Main Building Blocks

Multi -
domain
orchestration

Semantic
Ccomms

Multi - Green
level e2e abstraction
routing interfaces
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Key characteristics

RF+FSO links

DTN
Multi-level/orbit network

Semantic Comms
Multi- domain orchestration

Green abstraction interfaces

Multi-level e2e routing

Trustworthy native-Al design

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
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3GPP standardisation with respect to NTN
Roadmap

2020 204 2022 2023 2024 2025 2026 2027
o L &G
Il B N e Il EE e Il EE e
Release 19 Release 20 Release 21
I I I B I N BN B I I e

Azzuming 18 months releazes

Satellite connectivity to VAT
— H

I I N EE EE EE . . ------------_EEFEHFTE-FEE-&”-EE--I

86: Study on the zupport of NTN
£G: Service requirements for NTN for the support of }

7 i Z U 1 L S ¥ ' L
. Ly \ 1 =, 4 , ( - " & 4 Y &
! J L3 4 VSt .
4 - e, \ .
I | ’ 1 iy 7 ' ‘. /
p & J 2 e T A a T BN
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3GPP standardisation with respect to NTN

Satellite
(or UAS platform)

AMain scenarios: Feederink __
D
ATransparent R e— f Do,
Gateway
User
Equipments Beam foot
print
Field of view of the satellite (or UAS platform)
Satellite Satellite
(or UAS platform) (or UAS platform)
. ISL -!-
ARegenerative & Feeder
link

Feeder link
(mandatory if no ISL)

= [ Data
\_Aﬁ<—> network

Gateway

User
Equipments Beam foot

! print
DLR

Field of view of the satellite (or UAS platform)




DLR. de 2k >CHNamt as enabler for holistic 6G architectures> T. de Col a A I CTP > 21st November 2023

3GPP standardisation with respect to NTN

ANTN standardisation: UE NTN payload GW gNB UPF (5GC)
ANTN 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 : e
ANTN in Rel. 18 is contributing to the extensions Y
and enhancements of Rel. 17 specifications, ' '
still with satellite operating in transparent mode. i =
A Protocol stacks being defined for user- and ' '

control-planes.
Satellite Access Node (SAN) 5GC
e . UE NTN payload GW gNB AMF SMF
~' NTN transparent payload

0

NR-Uu NR-Uu
(service link) (feeder link)
NR Uu /A NG
i DLR

& to data

network(s)

—

c
m

NTN gNB 5GC
GW

PR
- ~




DLR. de 22 >CHNamNt as enabler for holistic 6G architectures> T. de Col a A I CTP > 21st November 2023

3GPP standardisation with respect to NTN

A Future Plans:
ARel. 19 is expected to elaborate the case of
regenerative satellite payloads:
AgNB fully implemented onboard or

A CU-DU splitting between ground and

space segments o A
“ s F1
5G Uu
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3GPP standardisation with respect to NTN

ARegenerative satellite connectivity: ARegenerative satellite protocol stacks:
UE NT'-:'\I":;;’Il;a g GW gNB-CU UPF (5GC)

Satellite Access Node (SAN)

________________________________________________

' ~' gNB-DU
| \\.’ i
NR-UU E F1 i ne?s:)arks
(service link) i (feeder link) |
| g F1 @A NG NG
i — — «—, todata )
. : ﬁ : network(s) protocols sec
UE i NTN gNB-CU i 5GC Ve NTN payload oW gNB-CU AMF -

GW

-
~

’
A Y
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3GPP standardisation with respect to NTN

A Satellite-to-satellite connectivity (e.g.,
constellation)

A Satellite-to-satellite protocol stacks

gNB gNB
(NTN payload) (NTN payload)

GwW

Satellite Access Node (SAN)

e

NR-Uu gNB NG-SRI
service link feeder link
.f—)_,.'. ( ) 1 NG & to data
A\l network(s) | |
1
UE NTN 5GC 1 : :
GW 1 1 1
v 1 1 1
1 1 1
Xn-SRI NR-Uu SRI SRI
7 h protocols protocols
NR-Uu NG-SRI gNB gNB
(service link) [ (feeder link) 7 NG NG UE (NTN payload) (NTN payload) GwW
PR ~ 0, lodata
A\ i network(s)
UE gNB NTN 5GC
X GW

Satellite Access Node (SAN)

! NR-Uu SRI SRI NG-C
protocols protocols
» A . - e * r’.g' » o ""’ : h :
DLR f /) ] :

data
networks



DLR. de 34 >CHWNaAMNt as enabler for holistic 6G architectures> T. de Col a A I CTP > 21st November 2023

3GPP standardisation with respect to NTN

AMulti-connectivity scenarios (transparent) AMulti-connectivity scenarios (regenerative)

MR-DC Radlo Access Network MR-DC Radio Access Network

—_———— - - _— -

{ NR-Uu A o h

NRUu | feeder lmk)fq NR-Uu @\ . NRUy Q’ f ey |

(service link) I i (service link) | \"~ i N°

i NTN transparent NTN gNB : I gNB NTN |
i payload | N6 i :
| i to data . i Gw i ﬂ, to data
| | network(S) ! Xn-ISL NG-SRI | network(s)
: | E feeder link) |
! , 5GC UE ; ( )| 5GC
! i
; NR-Uu | ~ W ,
! oNB o )

MR DC Radio Access Network

......................................................

payload GW gNB

g ! NR-Uu \
- NR-U : i F1-SRI |
i u 2N ! ! feeder link :
e GG R el s
[\ ! service link)! !
t NTN transparent ‘ NTN gNB | ( d EB_D :
| i payload GW i o data i gNB-DU NTN gNB-CU i
. |‘ i NR-Uu Xn i network(s ' i E to data
UE N (feederlink)‘ | i | network(s)
! | ’ UE | i 5GC
NR-Uu | " g NRU A | .
(service link)! \\_~ U q l—+-t ; ! NR-Uu @ !
E NTN transparent NTN |

| DLR

\
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ORAN standardisation elements
(relevanttoNT N é )

A3GPP and ORAN together to boost
openness and network implementation: Non-Real Time RIC o Legend
A A few open interfaces to allow advanced EGSAPNttﬂ
operations and interworking at user and
control plane
A Definition of two RAN Intelligent -
Controllers (RICS):

Service Management and Orchestration Framework

. E2
ANon-Real Time S
ANear-Real Time 0-eNB e
Xn-u
Xn-c
Open FH M-Plane NG-c

Open FH M-Plane
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Open Points and Technical Challenges

A3GPP with ORAN extensively studied and implemented for terrestrial networks, while NTN is a new
perspective:
ANTN is experiencing a new golden age, especially for the re-birdth of constellations
AMany satellite implementations are still black bloxes so that adoption of ORAN is not straightforward
A Short 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)
ALong 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
A Future 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
ABut 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
AMany 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.
i DLR
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Buzzword or reality?
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Orbital Edge Computing: Nanosatellite Constellations

as a New Class of Computer System
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» Bringing data centre services into Earth orbit and beyond is an emerging trend, by this
increasing autonomy and resilience in decentralised networks,
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ABOUT US

« Rapid extraction of information onboard Earth Observation (EO) satellites: possible use

Advanced space Cloud for European Net zero emissions and Data cases for Al and satellite data include the identification of flooding, illegal fishing,

EUROPE

sove relgnty deforestation, algal blooms, or environmental disasters,
* Onboard pre-filtering or discarding cloud-covered or corrupted satellite images. A
preliminary demonstration was performed in the frame of the ®-sat-1 mission, enabling
“smart” discarding of cloudy images.
Project description Project Information
ASCEND
m - Grant agreement ID: 101082517

Data centres... in space pol
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Cameras and sensors from space are keeping close watch of events on the ground and transmitting this data to Start date End date
Earth. But sending data to the ground takes time. One solution is to launch data centres into orbit. This would 1January 2023 30 April 2024

reduce the exponential impact of digital technology on energy consumption and climate warming. The installation of
large modular space infrastructures with robotic assembly, megawatt level space-based solar power, high Funded under
throughput optical communications, low cost and reusable launchers is within reach. The EU-funded ASCEND Digital, Industry and Space

project will infroduce a pioneering new on orbit services system concept. This would make Europe a world leader in

robotised and sustainable modular infrastructures as well as reusable launchers. Overall budget

€2 047 882,50
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» THE EUROPEAN SPACE AGENCY

The Intel-Movidius Myriad 2 board (right) mounted on the top of HyperScout-2 electronics stack
(left) is an example of edge-computing platform used onboard ®-sat-1 satellite to detect cloud-
covered images (Credits: https://directory.eoportal.org/web/eoportal/satellite-missions/p/phisat:
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NEW ®-LAB IN SWEDEN AND THE RISE
OF EDGE COMPUTING IN SPACE

ENABLING Al IN SPACE

Spiral Blue is developing the Space Edge Computer - an onboard
se — W @ computing system that will give Earth observation satellites the ability
to process images captured on the satellite itself. This has the potential
to increase the capacity of an Earth observation satellites carrying

Space Edge Computers by as much as 20x

Space Edge Computers use the NVIDIA Jetson series, maximising
ARTICLE CATEGORY processing power while keeping power draw manageable. They carry
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polymer shielding for single event effects, as well as additional
software and hardware mitigations. We provide onboard infrastructure
software to manage resources and ensure security, as well as onboard

s P L S i Cop " L o PR | apps such as preprocessing, GPU based compression, cloud detection,
Building on its experience in fostering transformative innovations aimed at market adoption in the EARTH OBSERVATION )

Earth observation (EO) sector, the model of ®-lab@ESRIN is being replicated across Europe by

and cropping. We can also provide Al based apps for object detection

and segmentation, such as Vessel Detect and Canopy Mapper.
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MEC in a nutshell

AMEC is the abbreviation for:
AMobile Edge Computing (as usual in the 3GPP terminology) A EDGEAPP in SA6
AMulti-Access Edge Computing (as usual in the ETSI terminology) A MEC ISG and DECODE WG

AThe main mission of MEC is essentially to provide:
Aintelligence,
A computation capability, and
Adata access directly at the edge of the network access

AThe main objective of MEC is to enable more efficient low-delay and high throughput services, hence
supporting use cases such as:

video analytics

location services

Internet-of-Things (IoT)

augmented reality

optimized local content distribution and data caching

o T T To Do

i DLR
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Typical edge deploymenti n 5 Gé.
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Satellite Opportunities for MEC
Overview

AMEC 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:

A Combination of edge caching and intrinsic multicast capability of satellites to optimise content delay and
content penetration
AIntegration of MEC functionalities directly in the satellite access segment

AMEC intended as fiedge computingod to boost | ocal con
from excessive data distribution:

A Support to loT-based services by means of in-space edge computing

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

i DLR
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Earth Observation Mission

ISL and HPC enables HPC Onboard Processing

satellite cooperation and & -
. Data Exploitation
task decomposition.

A Bandwidth reduction;
A Processing image steps; /
A Power consumption;
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Satellite Based Surveillance
Computational tasks:

A Detection:

A Identification:
A Parameters estimation.

Critical parameters:

A Timeliness:;

A Refresh rate of
collected data.

A Real-time decision-
making

A Latency  (VLEO-LEO

constellation).

(courtesy of Thales Alenia Space ltaly)




