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5G NTN TAKES FLIGHT: 
5G NON-TERRESTRIAL NETWORKS 
EVOLVING TOWARDS 6G
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CONVERGENCE BETWEEN AEROSPACE AND WIRELESS ECOSYSTEMS
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5G NTN – HOLISTIC VIEW
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5G NTN USE CASES AND SOME CHALLENGES
Non-terrestrial networks (NTN)
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5G NTN USE CASES - EXAMPLES

5G NTN takes flight5

3GPP use case categories:

• Service continuity

• Service ubiquity

• Service scalability
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NTN: RTT ASPECTS – PERSPECTIVE OF NTN-gNB

5G NTN takes flight

Satellite orbit, distance and 

elevation cause residual Doppler 

shift and differential delay

Residual Doppler = max(fresidual1-fresidual2)

Differential delay = max(Tprop2 – Tprop1)

2*fresidual1

2*Tprop_1

2*fresidual2

2*Tprop_2

Pathloss (FSPL) 

dependent on elevation

Doppler shift and delay visible at 

RX entity

UE1

UE2

Elliptical beam footprint is

elevation dependent
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NTN: TIME DELAY, UE PERSPECTIVE

Elevation angle

RTTnadir = two way latency

at shortest distance, 

corresponds to RTTmin

RTTmax

RTTmin

Elevationinit
Elevationexit Elevationnadir
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GNSS optionally

used by LEO for

orbit control
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NTN: DOPPLER COMPENSATION PROCEDURE
+Dopplermax
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Elevation α horizon

SIB with

Ephemeris

info

GNSS optionally

used by LEO for

orbit control

GNSS used by UE 

for Earth position

determination
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5G-NTN: PROTOCOL STACK

5G NTN takes flight9

NR PDCP

TCP/UDP IP

PDU

NR PHY

NR MAC

NR RLC

NR SDAP

NR NAS

NR RRC

Link budget, delay, Doppler, 

polarization, beamforming, 

OFDMA

HARQ, timing advance, SR + 

BSR reporting, RACH

AM, UM, TM 

=> Timer adaptations

Security, in-sequence data & 

duplication => timer adaptations

QoS flow => new QoS profiles

NTN specific applications

(optional) 

Mobility, reporting, link control, 

Ephemeris info, RRM adaptations

Cross country border coverage, 

Earth fixed timing advance, RAN 

type signaling
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5G NTN USE CASES - EXAMPLES
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5G NTN USE CASES - EXAMPLES
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ARCHITECTURE
Non-terrestrial networks (NTN)
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NTN: TRANSPARENT PAYLOAD ARCHITECTURE

5G NTN takes flight

gNBNTN 

gateway

Spaceborne

station

UE

3GPP 

NR Uu 

interface

Transparent 

repetition

Transparent repeat
3GPP 

NG 

interface

5GC Data network

3GPP 

N6 

interface

FDD

Serving link
Feeder link
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NTN: TRANSPARENT PAYLOAD  - PROTOCOL STACK, U-PLANE

NR PDCP

TCP/UDP IP

PDU

TCP/UDP IP

NR PHY

NR MAC

NR RLC

NR PDCP

NR PHY

NR MAC

NR RLC

PDU

UE

NR SDAPNR SDAP

L1 L1

L2 L1

IP

UDP

GTP-U

IP

UDP

GTP-U

3GPP NR Uu interface

Satellite Gateway gNB 5GC  UPF

3GPP NG-U interface
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NTN: TRANSPARENT PAYLOAD  - BEARER & QoS FLOWS
UE

3GPP NR Uu interface

Satellite Gateway gNB 5GC  UPF

3GPP NG-U interface

PDU sessions

Radio bearers NG-U tunnels

QoS flows

QoS flows

QoS flows
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NTN: TRANSPARENT ARCHITECTURE TESTING ASPECTS
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5G SYSTEM ARCHITECTURE SUPPORTING NTN

5G NTN takes flight

Service 

based

architecture

(SBA)

UE
Terrestrial

RAN

Uu
N3

N6 Packet data

network (PDN)

NEF NRF PCF UDM AF

AMF SMF AUSF CHF

UPF

N1

N2
N4

Nnef Nnrf Npcf Nudm Naf

Namf Nsmf Nausf Nchf

NTN 

RAN

N2
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User plane
User plane

Control plane
Control plane

5G NTN ARCHITECTURE TOWARDS 6G

5G NTN takes flight18

UE
Terrestrial

RAN

Uu

NEF NRF PCF UDM AF

AMF SMF AUSF CHF

Nnef Nnrf Npcf Nudm Naf

Namf Nsmf Nausf Nchf

NTN 

RAN

Onboard processing, 

MEC + gNB autarchy

Agile & intelligent RAN control

MEC
cloud

UE 

cloud

Control plane

User plane

• Extend service based architecture to RAN

• Cloud based architecture (including UE, RAN, core, …)

• Separate control & user plane + modularization

• Multi-connectivity and interworking between terrestrial

and non-terrestrial RAN

SBA concept expansion
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NTN: REGENERATIVE PAYLOAD ARCHITECTURE

5G NTN takes flight

NTN 

gateway

Spaceborne

station with

gNB. Here DU 

+ CU are

included in the

NTN-gNB

UE

3GPP 

NR Uu 

interface

3GPP NG 

interface over

satellite radio

interface (SRI)

5GC Data network

3GPP 

N6 

interface

3GPP 

NG 

interface

Inter-satellite link 

(ISL)
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INTER SATELLITE LINKS (ISL)

5G NTN takes flight

EquatorOrbit altitude

Intra-plane ISL

Altitude (of ISL)

E.g. two orbital planes 

with different altitudes

Ascending

Descending

Latitude

ISL constellation

„+ grid“

Intra-plane ISL

Inter-plane ISL

Cross-seam ISL

Longitude
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OUTLOOK
Non-terrestrial networks (NTN)
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5G NTN – ON THE PATH TO 6G

5G NTN takes flight22
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5G NTN – OUTLOOK: 6G

► Beyond cellular: network nodes are dynamic: birth-death scenarios, moving relative to each other

► Autarchic network architecture, resilient networks: node can provide services without core NW

► Unified networks, “network of the networks“ => multiple RATs offered, best QoS RAT selected

► AI for multiple scenarios: flight control, traffic steering, inter-cell coordination, autonomous decisions

► Joint communications and multi-link support, e.g. macro diversity and enhanced MIMO

► NOMA waveforms and interference cancellation methods

► Holographic radio control

► Free space optical (FSO) links, non-RF communication

5G NTN takes flight23
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NON-TERRESTRIAL NETWORKS ON THE PATH TO 6G

5G NTN takes flight

Multi-RAT and spectrum sharing

„network of networks“

time

frequency

E.g. mmWave using single carrier, wide

bandwidth and beamforming
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Security & 

Trustworthiness

Full-duplex 

communication

RESEARCH AREAS

Ultra-massive

MIMO
New network topologies, 

distributed computing

Multiple access, 

new waveforms,

channel coding

A high-level overview on 

all these research areas 

is provided in one of our 

#THINKSIX video. 

Don’t miss it!
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Artificial Intelligence 

and Machine Learning

Joint communication 

& sensing

THz

communication

Reconfigurable 

Intelligent Surfaces

Photonics, Visible

Light Communication

https://www.youtube.com/watch?v=mv0EYJhnncw
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“If you want to go fast, go alone. 
If you want to go far, go together!”

African proverb
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ADDITIONAL RESOURCES AND WHITEPAPER RELATED TO THE 
CONTENT OF TODAY’S PRESENTATIONS:   

• Worldwide Spectrum Allocation Poster (2020)

• Free "Demystifying 5G NR" poster | Rohde & Schwarz 

(rohde-schwarz.com)

5G technology book oline version

(>1000 pages on 5G technology):

www.rohde-schwarz.com/5G

5G Non-terrestrial

Networks | 

Technology Update | 

Rohde & Schwarz 

(rohde-schwarz.com)

5G NTN takes flight

Whitepaper 

(short version)

Whitepaper (extended version):

https://www.rohde-schwarz.com/solutions/test-

and-measurement/aerospace-

defense/satellite-test/white-paper-5g-ntn-

takes-flight-technical-overview-of-5g-non-

terrestrial-networks_255919.html
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https://www.rohde-schwarz.com/us/campaigns/rsa/adt/spectrum-poster_253163.html?cid=802_us_mc_ADT_aoc_21-10_i______5gNRmission_spectrumposter_?cid=&mid=6339
https://www.rohde-schwarz.com/solutions/test-and-measurement/wireless-communication/cellular-standards/5g-poster-sign-up_232128.html
http://www.rohde-schwarz.com/5G
https://www.rohde-schwarz.com/knowledge-center/webinars/webinar-5g-non-terrestrial-networks-technology-update-registration_253614.html
https://www.rohde-schwarz.com/solutions/test-and-measurement/aerospace-defense/satellite-test/white-paper-5g-ntn-takes-flight-technical-overview-of-5g-non-terrestrial-networks_255919.html

