
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 



 

 

 

 

 



Non-terrestrial Network (NTN) 

Agriculture 

Precision Agriculture 

Monitoring soil and crop conditions, irrigation and 

fertilizers, climate monitoring, livestock monitoring 

Automation & Remote Management 

UAV farming, precision farming, connected farm 

equipm ent/vehicles, water mgmt., fish farms 

Forestry 

Wildlife monitoring, forest fire detection, forest worker 
safety, cut-to-length harvesting 

Construction 

Site Monitoring and Surveillance 

Unauthorized access, security and safety, video 

surveillance, motion sensors, environm ent sensors 

Asset Management 

Monitoring and tracking of equipment, tools, and 

materials, theft detection 

Environmental Monitoring and Compliance 

Environmental parameter monitoring (air quality, noise 

levels, dust emissions, etc.) 

Consumer 

Remote Connectivity 

Voice calling, Internet access, and text messaging 
capabilities, Personal Locator Beacons, SOS 

Asset Tracking 

Tracking of pets, purses, suitcases, vehicles, trailers, 
boats, and personal equipment. 

Internet Routers 

Broadband internet access to businesses and homes, 

for browsing, streaming, telecommuting 

Environment & 

Government 

Critical Communication 

Disaster and emergency fallback network for 
communication and coordination, location services 

Climate Change Monitoring 

Monitoring sea surface temperatures, ice extent, 
greenhouse gas concentrations, land temperatures 

Air and Water Quality Monitoring 

Particulate matter, NO2, O3, SO2, chlorophyll-a 
concentration, turbidity, dissolved oxygen levels 

Maritime & 

Aeronautical 

Tracking and Tracing 

Container tracking, container security, cold chain 

monitoring, luggage tracking 

Safety 

Collision avoidance, man overboard detection, 
offshore platform monitoring, back-up connectivity 

Broadband Connectivity 

Take-off to Landing connectivity, in-flight infotainm ent, 

airplane telematics 

Mining 

Precision Mining 

Monitoring sensors, unstable shaft detection, 
composition sensors 

Remote Equipment Management 

Machinery telem atics, inventory management, theft 
detection, predictive maintenance 

Compliance and Safety 

Environmental regulation com pliance, employee 

safety, hazard management, emergency response 

Oil and Gas 

Pipeline Management 

Real-time distribution management, flow rate & mass 

balance monitoring 

Quality Control 

Oil composition monitoring, tank monitoring, carbon 

emissions control, digital twin 

Automation & Remote Management 

Remote site monitoring, refinery automation, 

workforce & hazard management, inventory 

Transportation & 

Logistics 

Tracking and Tracing 

Global tracking, cold chain monitoring, restriction of 
goods movement, theft detection 

Vehicle to X (V2X) 

V2-Network, V2-Infrastructure, V2-Vehicle, V2-Cloud, 
V2-Pedestrian 

Safety & Customer Services 

Collision avoidance, eCall, door unlocking, in-vehicle 
infotainment, telematics, theft recovery 

Utilities & Energy 

Grid Management 

Digital grid, real-time distribution, consumption and 
loads management, short circuit identification 

Security 

Critical infrastructure monitoring, workforce safety, 

video sharing, theft detection 

Utilities 

Smart metering, leak detection, consumption 
monitoring, ESG reporting 

 

Forestry 

 

 
Agriculture Sensors 

5G-NTN IoT Devices 

 

Asset Tracking 

 

Maritime 

 
 

 

 
Fill-level Sensors 

 

Logistics 

GEO or LEO 

Satellite 

Ground Station & 

5G-NTN RAN 

Core 

Network 

 
 
 
 

 
Internet 

 

 

 



**Modules which don’t support packet splitting will not transmit 

messages larger than their MTU size 

vs. 
GEO 

 

1500 Bytes 
Application Data 

 

 

1172 Bytes 
Application Data 

 

  

  
 

 

*Terrestrial NB-IoT networks cannot efficiently support 

transmissions over TCP/IP 

 



 

HPLMN (NB-IoT) 

 

 

 
Hybrid 5G-NTN 

Device (UE) 

 
 
 

 
PLMN ID: 

26203 
 
 
 
 
 

 
eNodeB 

 
Mobility 

Management 
Entity (MME) 

 
 
 
 

 
S1-MME 

S6a 

 
 
 
 

 
S6a 

S11 

 
 
 
 
 
 
 
 
 

 
Serving 

Gateway (SGW) 

 
 
 
 
 
 
 

 
S5-C 

PDN Gateway 
(PGW) 

 
 
 
 
 
 
 

 
S8-C 

 
 
 
 

 
SGi 

 
 
 

 
VPN 

Endpoint 

 
 
 
 

 
Customer 
Specific 

APN 

 
 
 
 
 
 
 
 
 
 

 
Home Subscription 

Server (HSS) 

 
 

 
Kite 

Platform 

 
APIs 

 
Diameter Edge 

Agent (DEA) 

Roam DNS 
 

Firewall 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
5G-NTN 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
eNodeB 

 
 

 
Diameter Edge Agent (DEA) 

 
 
 

 
S6a 

S1-MME 

S11 
 
 

 
Mobility 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Serving 
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Roam 

 
 
 
 
 
 
 
 

 
Firewall 

 
Partner IPX 

Network 

 
Home- 

Routing 

 

 
Internet 

 
 

 
Firewall 

 

 

 
 

 
Kite 

Dashboard 

 
 
 
 
 
 
 

 

Legend: 

GTP 

IPX 

PLMN Management 
Entity (MME) 

Gateway (SGW) DNS  

 
Customer 

Server 

IP 

GRE 

IPSec 

VPLMN (5G-NTN) 
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Li O 

 

Mn Zn 

 

 

 

The greater the separation, the greater the voltage 

 

 

 
Periodic Table of Elements 

 

 

V > 0 Oxidizing Agents 

Cl 

MnO2 (Mn3+ / Mn4+) 

O2 

3.6 V 3.0 V 1.5 V 

V = 0 

 
Zn / Zn2+

 

 

 

V < 0 Reducing Agents 



 

 



 

 

 

 



IoT Device 
(Chipset/Module) 

O2 Radio Network 
(eNodeB) 

O2 Core Network 
(MME - SGW - PGW) 

IoT Service Platform, 

Connector, or Broker 

IoT Server 

Application 
 
 
 
 
 
 

 
Network & 

Transport 

Protocol 

 
 
 
 
 

 
3GPP 

Protocol 

 
 
 
 

 

App 

Payload 
App 

Payload 

UDP UDP 

IP 

NAS 

RRC 

PDCP 

RLC 

MAC 

PHY 

IP 

HTTP 

TCP 

IP 

HTTP 

TCP 

IP 

NAS IPSec 

Tunnel 

RRC 

PDCP 

RLC 

MAC 

PHY 

UDP UDP L2 L2 L2 L2 

IP 

L2 

L1 

IP 

L2 

L1 
L1 L1 L1 L1 

http://www.skylo.tech/certified-devices)
http://www.skylo.tech/skylo-certification-program)


 



 

 

 

 



 







http://www.kyocera-avx.com/product/lte-pcb-antenna-with-sma-connector-1002089/
http://www.kyocera-avx.com/product/lte-cellular-wide-band-fpc-embedded-antenna-1002289/
http://www.kyocera-avx.com/product/universal-broadband-fr4-embedded-lte-lpwa-antenna-p822601/
http://www.kyocera-avx.com/product/universal-broadband-fr4-embedded-lte-lpwa-antenna-1004795/
http://www.kyocera-avx.com/product/x9003334/
http://www.kyocera-avx.com/product/9002137-gnss-glonass-beidou-galileo-chip-antenna/
http://www.kyocera-avx.com/product/gps-glonass-beidou-galileo-antenna-1001011/
http://www.kyocera-avx.com/product/9001157-gps-glonass-smt-patch-antenna/
http://www.kyocera-avx.com/product/x1005247-gnss-external-antenna/


DL 

UL UL 

DL DL 

*NB-IoT & 5G-NTN use FDD Half-duplex Type-B for Uplink & Downlink 

 

 

f 
Switching time = 1 Subframe 

 

vs. 
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Device Transmits  Device Receives 

Switching time = 1 Subframe 

 

 

 

FDD Half-duplex FDD Full-duplex 

  
 

OR 

 

 

 

NB-IoT 

5G-NTN* 
LTE 

 LTE-M 

UL 

Band 

Name 

Uplink Frequency Range 

(MHz) 

Downlink Frequency 

Range (MHz) 

n254 1610.0 – 1626.5 2483.5 – 2500.0 

n255 1626.5 – 1660.5 1525.0 – 1559.0 

n256 1980.0 – 2010.0 2170.0 – 2200.0 

… … … 
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Time between Messages (Hours) 

CE-Level 0 

(Outdoor) 

CE-Level 1 

(Indoor) 

CE-Level 2 

(Deep Indoor) 
 

 

B
a
tt

e
ry

 L
if

e
ti

m
e
 (
Y

e
a
rs

) 

        

        

        

        

        

        

        

        

        



 

 

 

 

 

 

 

 

 

 

 



 

   

   

 

   

   



 

 

 

 

 

 



 

 

 



 

 

 

 



Connected Mode Idle Mode 

 
 

 

    

Connected Mode Idle Mode 

RRC Activity Timer 
10.24 

seconds 

 

 

  

 

during cDRX paging slots, every 2.56 sec. 

 

RRC Activity Timer 20.48 seconds 5.12 
seconds 
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http://www.skylo.tech/
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LTE-M LTE-M NB-IoT NB-NTN NB-IoT NB-NTN 

IPv6 IPv4 IPv6 IPv4 Non-IP 

TCP UDP 

TLS None DTLS None DTLS None 

None HTTP MQTT None None CoAP MQTT-SN None None CoAP MQTT-SN None 

oneM2M None LwM2M oneM2M None LwM2M  oneM2M None 

Payload 
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http://www.o2business.de/content/dam/b2bchannels/de/pdfs-o2-business/iot/iot-downlo-
https://www.gsma.com/solutions-and-impact/technologies/internet-of-things/gsma-iot-device-connection-efficiency-guidelines/
https://www.gsma.com/solutions-and-impact/technologies/internet-of-things/gsma-iot-device-connection-efficiency-guidelines/


 

 

 

 

 

 

 

 

 

 

 

 

 







 

 

 

 

 

 

 

 

http://www.o2business.de/iot/


 

 

 

 

 

mailto:cc.iot@telefonica.com
mailto:antenna.info@kyocera-avx.com
mailto:enterprisemarketing@viasat.com
mailto:info@skylo.tech



