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From SatCom to NTN

SatCom: the use of artificial
satellites to establish
communication links between 6000

various points on Earth. —e— Elliptical
—e— GEO
LEO
5000 | _e— MEO
NTN: the use of space-/air-borne
platforms to establish doo -
communication links between 4000

500

various points on Earth
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TN/NTN convergence

Interworking Integration
before 5G 5G and 5G-A
e e )
4G
* MBB, streaming, VolLTE
» decentralised network
TN 5G/5G-A
 eMBB, URLLC, mMTC
» decentralised network
» network virtualization
First 3GPP NTN Release
» seamless TN/NTN combination
NTN * 5G support across various RATs
* Backhauling support « Backhauling service
* Roaming for special * Interworking at IP
satellite phones
(. N J
Independent TN/NTN optimisation TN optimisation
minimum impact to support NT
Source: GSOA, White Paper, "Satellite Communications and their role in enabling 6G," October 2022. 51082
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NTN: from interworking to integration

Interworking with SG terrestrial network

Integrated in e2e 5G network
A
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Legacy” 1
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Cloud
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Condition

Monitoring

Industry 4.0

Source: El Jaafari M, Chuberre N, Anjuere S, Combelles L., "Infroduction fo the 3GPP-defined NTN standard: A comprehensive view on the 3GPP work on NTN,"Int J Safell Commun

Network. 2023;41(3):220-238. doi:10.1002/sat. 1471
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3GPP NTN in Rel. 17

« NTN-based GEO/LEO with implicit HAPS/ATG compatibility /,___-___f‘:‘f?['ff‘f_’_‘_"_‘_’?_s_s_ff?.‘f?.f?ff‘.’. ........
« Main characteristics | .' NTN transparent payload
: N
— fransparent payload architecture Ry | -
— coverage type (service link) | (feeder I?nk)

« Earth-fixed

- Quasi-Earth-fixed g i ﬁﬁ NR-Uu @l NG; ‘ N6 to data

. H i twork

« Earth-moving i | network(s)
; NTN gNB i 5GC

— FR1: S-band and L-band vE : GW
— handheld terminals with GNSS capabilities

FDD RAN1: Physical layer RAN3: Access network architecture J SA2: System level

~

_______________________________________________

e Timing relationship * Network Identity handling * Mobility management with
_ _f : « UL time and frequency * Registration Update and Paging huge cell size
Earih flxed erCklng synchronization Handling e UE location and support of
* Enhancements on HARQ « Cell Relation Handling regulated service .
« Polarization signaling for « Feeder Link Switch-Over (NGSO) . |QC|><5 class for GEO satellite
. s VSAT/ESIM * Aspects Related to Country- INKS
* Massive normative work to adapt the NR i Rovig v  Impact of satellite
o ge backhauling
system to the NTN characteristics
RAN2: Access layer RAN4: RF & RRM performance CT1: Network protocols
* User Plane: RACH aspects, * New bands * PLMN (re)selection
Other MAC aspects (e.g. « TN/NTN coexistence * NAS timers

HARQ)’.UP: RLC( PDCP » Satellite Access Node, UE
® System mform'ohon b,rOOdCOST * RRM: e.g. timing compensation
Source: Mohamed El Jaafari, “3GPP NTN standardization: status and prospect,” * Control Plane: Tracking Area (idle, connected mode), GNSS

ASMS/SPSC conference, September 2022. Management, Idle/connected accuracy
mode mobility, UE Location
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3GPP NTN standardisation effort
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The values reported in this figure have been obtained by web scraping the public information
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5G NITN services

Satellite system
(deplowd) m TeChnOIogy operatlonal

Space X

Global service continuity
Connectivity to un-/under-served areas

AST SpaceMobile

Transportation
\ Lynk
eMBB-s

Data collection/remote sensors e 1 . Y

: . Critical industrial applications Sateliot
High density deployment .
Lo . e Governmental services
Application in automotive, utilities,
tr tati " Emergency management

ansportat ;Qn, etc. Ligado

 mMTC-s HRC-s

Source: A. Guidotti et al., "Role and Evolution of Non-Terrestrial Networks fowards 6G systems," IRl S

submitted to IEEE Access, 2023

AT&T/AST

Mediatek/
Skylo/Bullitt

Skylo/
Ligado/Viasat

Source: 5G Americas, White Paper, "Update on 5G Non-Terrestrial Networks," July 2023.
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2016 LEO (0)

243 LEO (1)

5000 LEO (3)

250 LEO (1)

1 GEO

2016 LEO (0)

243 LEO (0)

6 GEO
(Inmarsat)

1 GEO (Ligado)

Dedicated providers

MNO
spectrum/
2GHz MSS

MNO spectrum

MNO spectrum

2.0GHz MSS

L-band

MNO spectrum

MNO spectrum

L-band

L-band

Pre Rel-17
3GPP

Pre Rel-17
3GPP

Pre Rel-17
3GPP

Rel-17 NB-loT
(NB-NTN)

Rel-17 NB-loT
(NB-NTN)

3GPP-Rel 12

3GPP-Rel 12

3GPP-NTN

3GPP-NTN

2024

2024

2Q2023

TBD

TBD

2024

2024

1Q2023

2H2023

Messaging, speech,
broadband

Messaging, speech,
broadband

Messaging, LDR (low-
data rate)

NB-loT

NB-loT

Messaging, Data, Voice,
Video

Messagign, Data, Voice,
Video

Messaging

NB-loT, Messaging, LDR

Y/




3GPP NTN beyond Rel. 17

2021

2020

Rel 18
ASN.1

2024

2023

2022

2025

Rel 19
ASN.1

2026

2027

2028

Release 17 Release 18 Release 19 Release 20 Release 21

5G system features to support:

1. access

2. backhaul (legacy transport network, e.g., DVB) with static
latency and bandwidth

5G-NR support of
* transparent payload scenarios
* smartphones and VSAT

* 4G NB-IoT/eMTC: transparent payload scenarios

* Radio part (satellite and UE) specifications in S-/L-band

5G system features to support:

1. Access with disc. coverage

2. backhaul (legacy transport network, e.g., DVB)
with variable latency and bandwidth

5G-NR support of 5G-NR support of
* network verified UE location * regenerative payloads
¢ coverage and mobility enhancements ¢ other enhancements

4G NB-IoT/eMTC enhancements
* mobility

MAC

disc. coverage

4G NB-IoT/eMTC
 store and forward
» other enhancements

Radio part (satellite and UE) specifications above 10
GHz

* 6G service requirements for NTN

Source: A. Guidotti et al., "Role and Evolution of Non-Terrestrial Nefworks towards 6G systems," submitted to IEEE Access, 2023
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5

G-NR further enhancements

6G Study to support the NTN component

6G features to support the NTN component
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NTN Rel. 18: main features

« Enhancements to the NR radio protocols to

— support FR2 and mobile/nomadic VSAT

« evaluations based on transparent payloads
(IAB/regenerative FFS)

« co-existence analysis on-going (adjacent channel)

— allow the network verification of the GNSS
coordinates determined by the UE ]

— optimise mobility procedures in both idle 2 18 18 20
and connected modes

Region 1, Region 3, and
Ll L Region 2 countries except US
US market and countries with
the same assignments
n258 \
3GPP TDD
bands for TN
n257

Source: ESA EAGER Project, White Paper, "Architectures, services, and technologies fowards 6G Non-
Terrestrial Networks," February 2023.

Source: EC HORIZON-JU-SNS-2022 Project 5G-STARDUST, D3.1 "System Requirements Analysis and
Specifications," July 2023.

« Enhancements to the NB-loT/eMTC radio protocols to

— optimise mobility procedures

— improve the support of small constellations providing discontinuous service over a given area

A. Guidotti - The evolution of NTN from 5G to 5G-Advanced and the path to 6G
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NTN Rel. 19: potential topics

NR-NTN improved service experience

NR-NTN new capabilities

IoT-NTN new capabilities

ALMA MATER STUDIORUM
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NTN Rel. 19: architecture

« Architecture evolution in three directions: regenerative payloads, |IAB, Multi-Connectivity
Satellite Access Node (SAN)

________________________________________________

Satellite Access Node (SAN) I o
s R : NB-DU
i e
NR-Uu | NG-SRI ;
(service link); ~ (feeder link) 7~ N6 NR-Uu |
.: s '~ . " «—p todata (service link) i feederhnk
I\ network(s) i
UE | gNB NTN 5GC N N todata
:\ 9 | @_ "h i network(s)
"""""""""""""""""""""""" UE | NTN gNB-CU | 5GC
N 6w ;
. FuII gNB on-board * Functional split
all protocols up to SDAP/RRC are terminated on-board « scalable solution based on NFV/SDN for system tailoring
« the feeder link SRI (PHY+MAC) shall carry the NG upper layers « challenges related to Fl
* routing schemes and algorithms now also involve the GW and the « only opt.2 split is ful-3GPP
NTN payload

Source: ESA EAGER Project, White Paper, "Architectures, services, and technologies fowards 6G Non-
Terrestrial Networks," February 2023.

Source: EC HORIZON-JU-SNS-2022 Project 5G-STARDUST, D3.1 "System Requirements Analysis and  xima MATER s;umor{um
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NTN Rel. 19: architecture

« Architecture evolution in three directions: regenerative payloads, IAB, Multi-Connectivity

Satellite Access Node (SAN)
NR-UU e

. (service Iink)fl ~’ IAB-Donor ‘i NR-UU  ccmeem ? ?_t_e_lll_t?_ﬁ??i?iﬂ?f’f.‘iﬁ’ﬂ _________
i W E (service link){ IAB.D 5 ‘E
UE NR-Uu i E"— i i ~'~ onor DU i
F1-SRI | NG-SRI i NRUu | = i
: ; UE  FisRI | F1-SRI ;
A ) #
._,_.i N FP z i NG NG to data o - \ i
. i . A ﬁ. | network(s) . @ + ) ff@ F @ NG N6 | todata
| 1AB-node NTN | 5GC network(s
i GW UE ! IAB-node NTN IAB-Donor i 5GC
TR | R <., AN cu___/
Regenerative payload: full Donor on-board  Regenerative payload: Donor-DU on-board
« both direct and indirect connections are possible * both direct and indirect connections are possible
« challenges related to F1-SRI on the service link + challenges related to F1-SRI on the service and
« challenges related to NG-SRI on the feeder link feeder links
« BAP on the service link « BAP on the service link

Source: EC HORIZON-JU-SNS-2022 Project 5G-STARDUST, D3.1 "System Requirements Analysis and — apma MATE;{ STUDIORUM
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NTN Rel. 19: architecture

« Architecture evolution in three directions: regenerative payloads, |IAB, Multi-Connectivity

MR-DC Radio Access Network
_________________________________ MR-DC Radio Access Network

__________________________________

NG-SRI

Qo (feederlink)/7 NR-Uu ~' 7
(serltjvliact,'J Il:nk) \\’!~ ﬁ. (service link) \\:.~ ﬁ\
gNB NTN

" oNB NTN p .
: GW N6 i i to data
H «, todata i i —
. \E Xn | | network(s) U.E i an-ISL (fer\cla(jz;?lli?r:k) E - network(s)
UE 5 5GC i
NR-Uy 1 @ / i ~'~ fﬁ /
i i gNB NTN
'.\ gNB ) N GW._."
« TN-NTN with regenerative payload « NTN-NTN with regenerative payload
« challenging due to the different channel characteristics « the NTN nodes do not necessarily belong to the
« NG-SRI on the feeder link same orbit (challenging)
« Xn-SRl on the feeder link + e.g. low-latency through LEO and large
+ both TN-gNB and NTN-gNB can be elected MN throughput through GEO

« NG-SRI on the feeder link

« Xn over ISLs

Source: EC HORIZON-JU-SNS-2022 Project 5G-STARDUST, D3.1 "System Requirements Analysis and  aLma MATER STUDIORUM
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The role of Non-Terrestrial Networks in 6G

« 6G systems are expected to achieve more than "just”" extremely fast connectivity

digital twinning between domains: convergence of the physical, N Physical
human, and digital worlds [v)v'%':lg' world
connected intelligence @
iImmersive communications: high-resolution visual/spatial,
tactile/haptic, and other sensory data oman

world

« Non-Terrestrial Networks will be pivotal to provide a ubiquitous, continuous, flexible, and resilient
infrastructure for

Direct connectivity to smart phones outdoor and in light indoor/in-vehicle (emergency communications)
Connectivity mobile platforms (trains/planes/ships/drones/HAPs)

Broadcast/multicast

Low latency communications to support vertical markets (railway, automotive, aeronautical, etc)
Network-based positioning

loT applications (global NB-IoT/mMTC coverage, remote/control monitoring of critical infrastructures,
smart good fracking)

ALMA MATER STUDIORUM
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The role of Non-Terrestrial Networks in 6G

Interworking Integration Unification
before 5G 5G and 5G-A 6G
NTN
TN
independent TN optimisation Joint TN-NTN
optimisation minimum impact to support NTN optimisation

« The current NTN standardization framework provides a solid ground for NTN integration into 5G
« 5G-A will infroduce enhancements with additional capabilities and increased performances

« 6G will target a fully unified T-NT infrastructure based on multi-dimensional multilayer architecture
/K/m‘f

ALMA MATER STUDIORUM

A. Guidotti - The evolution of NTN from 5G to 5G-Advanced and the path to 6G UNIVERSITA DI BOLOGNA



The role of Non-Terrestrial Networks in 6G

Network functions

35786 km | (incl. Edge resources)
Spaceborne
2000 km | network

__+ UE functions for on

board sensors
150 km

Airborne
network

Terrestrial
network

6G
Central Core

« No distinction between TN and NTN nodes: they are all nodes of the same infrastructure, to be
jointly optimised and exploited

Source: A. Guidotti et al., "Role and Evolution of Non-Terrestrial Networks ftowards 6G systems," submitted to IEEE Access, 2023 AAn MATE'R UDIORUM
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The role of Non-Terrestrial Networks in 6G

Architecture and system design

L
; 4 Multi-layered constellation from GEO to drones, Innovative LEO and vLEO orbits, optical
inter and infra node-links design, cell-free MU-MIMO, traffic-driven coverage

Networking, edge computing and communications

_.
Softwarization, virtualization, and orchestration of network resources, functional
eo split, advanced IP, routfing in the sky, resource management, infegrated edge
O@Q communication and computing
=
s goc w9 il Edge osources) Flexible and integrated waveforms
\\JJ INL K\:/ e N A N W W RE o .____________________. ______ o
00k | ~ Spansbome Low PAPR and low OOBE solutions, Non-orthogonal techniques to increase the
N NGSO swim o connection density, novel RA procedures to allow mulfiple fransmissions per
NGSO O@O s ﬁ% @OQ@Q & © UE fonctions for on EnQb"ng beam, multipoint fransmission from the sky, distributed beamforming
wowm| Service H\ @0 ) board sensors " .
(" SN o S Tech no|og|e S Dynamic Spectrum Access and new spectrum
e S e /1 HAPR Arborne Coordinated and uncoordinated sharing among different access technologies,
R g & intfer and intra layer, higher frequency bands, Q/V and above
Tarstia Positioning

6G
Central Core

Network and system orchestration, Radio Resource Management, Network traffic
forecasting, Physical layer management, Channel estimation

‘. Antennas and components
Active antennas for link budget and flexible coverage, Refracting RIS for

indoor coverage, regenerative payload, high-parallel energy efficient HW,
Opfical devices

Source: A. Guidotti et al., "Role and Evolution of Non-Terrestrial Nefworks towards 6G systems," submitted to IEEE Access, 2023
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The role of Non-Terrestrial Networks in 6G

6G NTN key elements

Ultra-MBB
Ultra-massive Immersive ﬂeX|b|e SY§Te m. .
communications__/ eMBB-s+ ‘communications capacity sustainability
L design to
mMTC-s HRC-s+
reliability Usage
Itra-critical
Integrated Al ° : Ultra c-r1t1c-a
communications
. shared network
Network sensing spectrum reconfigurability

Source: A. Guidotti et al., "Role and Evolution of Non-Terrestrial Networks towards 6G systems," submitted to IEEE Access, 2023 ALMA MATER STUDIORUM
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Conclusions

« The integration of an NTN component into 5G is a reality since Rel. 17

« However, both evolutionary and revolutionary technologies are needed towards a true fully
integrated NT-T system infrastructure for 5§G-Advanced and 6G communication systems

* NTN will play a pivotal role in future fully unified systems, leading to a ML-MO-MB 6G NTN

For future NTN systems, we need to make a further technology leap now!
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Current funded projects on NTN...
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https://www.6g-ntn.eu/

https://www.linkedin.com/company/6g-ntn/

https://twitter.com/6Gntn

https://www.eagerproject.eu

https://www.linkedin.com/company/eager-project/

https://twitter.com/eagersatcom

https://www.5g-stardust.eu

https://www.linkedin.com/company/5g-stardust/
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https://www.6g-ntn.eu/6g-sns-funding/
https://twitter.com/6Gntn
https://www.linkedin.com/company/6g-ntn/
https://twitter.com/eagersatcom
https://www.linkedin.com/company/eager-project/
https://www.eagerproject.eu/
https://www.5g-stardust.eu/
https://www.linkedin.com/company/5g-stardust/
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