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commercial Non-

Terrestrial Networks 

NTN
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• Deployments growing exponentially

• Very large pipeline of planned satellites
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Commercialization of Space

• The cost of placing 1 kg  into LEO orbit has 

dropped dramatically.

– $10K/kg in 2006

– $1K/kg in 2020

– <$50/kg in 2040 

• The weight and cost needed for a given 
functionality  has also dropped dramatically.

– Advances in:

• Electronics

• Phased array antennas 

• Solar cells

• Batteries

• Attitude control 

Satellites have achieved economies of scale

Source: FutureTimelines.net



NTN Market Size

• The rising need of service continuity

• The always need of servicing large 

underserved (usually rural) 

populations

• Increasing digitalization across various 

sectors

Source: marketsandmarkets.com

CAGR 22%



Broadband Data

• Need special ground 
equipment

• Kuiper/SpaceX/OneWeb

Narrowband Data 
Expansion (IoT and 
SOS)

• Existing networks providing 
more services to more users

• Voice and data with special 
ground equipment

• New cellphones

• Iridium/Inmarsat/GlobalStar

Networks designed to 
connect to existing UE

• Unmodified phones voice and 
data

• AST SpaceMobile/Lynk

Three main categories of comercial NTN

9

5G and LTE Adoption

The goal is to connect all existing and new commercial devices
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Challenges for Satellite Communications

Geostationary (GEO)

Rotates with earth, thus always 

in same location in sky (as seen 

from earth)

Large earth coverage (42%)

No doppler (frequency shifts)

Large delays (~240ms)

Large pathloss (signal attenuation)

$$$ to get up there

35,786 km

12% of current satellites are GEO
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Medium Earth Orbit (MEO)

7000 - 25000 km

Smaller earth coverage

Doppler (51 – 33 kHz)

Delays (47 – 167 ms)

Less pathloss (signal attenuation)

$$ to get up there

GPS

3% of current satellites are MEO

Challenges for Satellite Communications
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Low Earth Orbit (LEO)

300 - 3000 km

Smaller earth coverage

Doppler (61 – 72 kHz)

Delays (2 – 20 ms)

Less pathloss (signal attenuation)

$ to get up there

84% of current satellites are LEO

Challenges for Satellite Communications
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Satellite Orbits Summary

Orbit Altitude from 

Earth Surface

[km]

Orbit

Period

[min]

Round-trip 

Min. delay

[ms]

Velocity

[km/s]

Doppler

2 GHz, 45 deg 

elevation
[kHz]

Average

Satellite

Lifespan
[years]

Beam 

Footprint

[km]

LEO
300 - 3,000 91 - 151 2 - 20 7.7 - 6.5 72.9 - 61.5 5 - 7 50-1000

MEO
7,000 - 25,000 922 – 1,436 47 - 167

5 – 4
51.5 - 33.6 5 - 7 100-1000

GEO
35,786

24ꞏ60
239 ~ 0 0 10-15 200-3500
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Commercialization is in the LEO orbit
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Overcoming the Challenges of Phone 

Communication

Speed of the Satellite (“base station”) 30,000 km/hr

1. Causes large variable frequency shifts (doppler) → Broadcast the ephemeris of the satellite so 
that the UE can compensate for this before transmitting.

2. Causes the antenna beam to move very quickly → Proposed to keep beam on same spot in 
earth “earth-fixed-beam”

Multiple Satellites Serving one Spot

1. Network must constantly handoff from one satellite 
to the next → Also estimated base on location (with 
base stations is done with signal strength).

2. Base station to satellite or satellite to base station

Satellite 

in polar 

orbit

Steerable beams

Positive 

Doppler when 

approaching 

Negative  

Doppler when 

receding 

Coverage spots on 

the ground 
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Initial architectures for NTN will use the satellite as a repeater.
Much of the processing  including Modulation, Doppler, time advance, scheduling, error correction, etc. is done 

on the ground.

Increases adoption even on older type of satellites

What does the Satellite Actually Do?



Standards adapted to overcome challenges

The capability increases with standards Technologies adapted for NTN

Source: Qualcomm
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Examples of New Satellites: AST 

SpaceMobile
• Startup founded in 2017; HQ in Midland, TX

• Provide data and voice for current unmodified phones

• In-house manufacturing

• LEO constellation

• Largest phased antenna array in LEO: 64 m2 area 

• Launched satellite BlueWalker 3 in Sep 2022
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Useful Life of LEO Satellites → Space Debris

22

Source: https://orbitaldebris.jsc.nasa.gov/photo-gallery/

Useful life of LEO satellites is 5 years

Limited by fuel

Damage to solar cell array caused 

by space debris.

Control Moment Gyro assemblies
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All Satellites Categories are Using Aspects of 

NTN

Broadband Data

• Need special ground 
equipment

• Kuiper/SpaceX/OneWeb

Narrowband Data 
Expansion

• Existing networks providing 
more services to more 
users

• Voice and data with special 
ground equipment

• New cellphones

• Iridium/Inmarsat/GlobalStar

New Satellites to 
connect to existing UE

• Unmodified phones voice 
and data

• ATS SpaceMobile/Lynk

23

Some attributes of the 3GPP Compatible NTN 

networks

• Mostly Low Earth Orbit (LEO)

• 100’s to 1000’s of satellites 

• Very large antenna arrays in orbit

• Small antennas in ground units (little to non 

modification of devices)

• Preemptive compensation of doppler and delay

• All satellite antennas are phased array antennas

• Dynamic beam steering and multi beam

• Expected satellite useful life ~5 years

• Pass through (repeater) satellite architecture
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Downlink Uplink

Band
Frequency Range

[GHz]
Bandwidth 

[MHz]
Frequency Range

[GHz]
Bandwidth 

[MHz]

L 1.525 – 1.559 34MHz 1.6265 – 1.6605 34

S 2.170 – 2.200 30MHz 1.980 – 2.010 30

Ku 10.7 – 12.7 2
12.75 – 13.25, 
13.75 – 14.5

500 + 750

Ka 17.3 – 20.3 3 27.0 – 30.0 3 GHz

E 71.0 – 76.0 5 81.0 – 86.0 5 GHz

Frequency ranges usually used for satellite communication:

3GPP Proposed Bands



Coverage and flexibility are needed in this 

space

Automated API in LabVIEW, C, C#

NB IoT Measurements NR Measurements Release 18th
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Satellite Link Emulator ⎸ Hardware Architecture

Doppler  

Delay  

Impairments, Loss, & 

Interference

System Under Test

Ground Station

Antenna
Field of View

Ground Station 
Access

Antenna
Elevation 

Angle

Channel/Link 
Emulation
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RF Link Endpoint
NI Vector Signal Transceiver
PXIe-5842

Channel / Link Emulation
NI FPGA Co-Processor
PXIe-7903

Scenario Parameters (CPU)
PXI Controller PXIE-8881

VSG

VSA

VST in

VST out

Coprocessor
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Source: University of Luxembourg

5G Non-Terrestrial Network Using Open Air 
Interface (OAI)

https://5gspacelab.uni.lu/research-testbeds/ntn-over-the-satellite


6G5G & 5G-Advanced4G & before

Interoperability Integration Unified

Satellite
Networks (SN)

Terrestrial
Networks (TN)

28

Design optimised independently

for each network component

Design optimised for terrestrial 

network component

Minimum impact to support the 

integration of Satellite for 

coverage & availability extension

Design optimised taking into 

account characteristics of both 

terrestrial and satellite 

components against a set of 

common goals

Roadmap to support a vision for satellite in 

3GPP
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A Race to be a Space Wireless Carrier

29
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Growing Support for 5G NTN
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Space Telecommunication Trends

Adopting 3GPP Standards

Connect to unchanged phones

Expand to broadband data into phones and smaller terminals

Partnership between satellite operators and cellular carriers



The standard will 

keep evolving to 

provide ubiquitous 

communications
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