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1. [bookmark: _Ref298777854]Introduction
This contribution proposes a list of use cases and deployment scenarios for the upcoming study on NR support Non-Terrestrial Networks (See RP-170717). 

1. Abbreviations
BW	Bandwidth
NT	Non Terrestrial
NTN	Non Terrestrial Network
RAT	Radio Access Technology
1. Discussion
 As defined in TR 22.891, the 5G system architecture integrates multiple radio access technologies. Requirements for integration of 5G with non-terrestrial systems such as satellite networks have already been included in various 3GPP documents in particular TS 22.261 (sent for approval at SA#75 in Dubrovnik) as well as TR 22.891 and TR 38.913. As next steps, it is important for 3GPP to study the feasibility and to define specifications that will have a high degree of commonality between the cellular and non-terrestrial radio interfaces and high degree of integration between both types of radio access technologies.

Non-Terrestrial Networks definition

Non-terrestrial networks refer to networks, or segments of networks, using an airborne or spaceborne vehicle to embark a transmission equipment relay node or base station as defined hereafter:
· Spaceborne vehicles: Satellites (including Low Earth Orbiting (LEO) satellites, Medium Earth Orbiting (MEO) satellites, Geostationary Earth Orbiting (GEO) satellites as well as Highly Elliptical Orbiting (HEO) satellites)
· Airborne vehicles: Unmanned Aircraft Systems (UAS), High Altitude Platforms (HAPs)


Possible roles of non-terrestrial networks in 5G system

Thanks to the wide service coverage capabilities and reduced vulnerability of air/spaceborne vehicles to physical attacks and natural disasters, non-terrestrial networks are expected to
· foster the roll out of 5G service in unserved areas that cannot be covered by terrestrial 5G network (isolated/remote areas, on board aircrafts or vessels) and underserved areas (e.g. sub-urban/rural areas) to upgrade the performance of limited terrestrial networks in cost effective manner,
· reinforce the 5G service reliability by providing service continuity for M2M/IoT devices or for passengers on board moving platforms (e.g. passenger vehicles-aircraft, ships, high speed trains, bus) or ensuring service availability anywhere especially for critical communications, future railway communications or maritime communications, and to
· enable 5G network scalability by providing efficient multicast/broadcast resources for data delivery towards the network edges.

The above cases relate to either non terrestrial operating alone  or to integrated terrestrial and non-terrestrial networks

Non-Terrestrial Network use cases in 5G

Non-terrestrial use cases can be broadly classified on the basis of the following criteria:
· Link positioning: either the non-terrestrial link serves directly the end user devices (direct access) or indirectly via terrestrial RAN equipment (indirect access: backhaul/Trunking), including as installed on moving platforms such as aeroplanes, ships, trains and buses
· Link capability: bidirectional (narrowband or broadband + optionally broadcast/multicast) or unidirectional (broadcast/multicast only)
· Link configuration: multi-link with another network technology (through link aggregation or dual connectivity) or single-link




Table 1: Classification of non-terrestrial use cases
	Link positioning
	Link capability
	Link configuration
	Use cases
	3GPP References

	Direct access
	Bidirectional
	Single-link
	Service to/from M2M/IoT battery activated sensors (e.g. fleet management, asset tracking, livestock management, farms, substations, gas pipelines, digital signage, remote road alerts, etc.) or handset devices with messaging/voice services (e.g. emergency calls as well as mission critical/public safety communication) via spaceborne platform. Continuity of service across spaceborne platforms and terrestrial systems.
Capacity reinforcement on special events using airborne platforms serving handset devices with broadband services
Broadband connectivity to UASs/drones from airborne/spaceborne vehicles
	TR 22.861, §5.2: connectivity aspects
TR 22.864, §5.6: Access
TR 22.862, §5.1: Higher reliability and lower latency

	Direct access
	Bidirectional
	Multi-link
	Secondary/backup connection (limited in capability) in the event of the primary network connection outage or for connected cars
	TR 22.862, §5.5: Higher availability


	Direct access
	Unidirectional
	Multi-link
	Efficient broadcast service to end users, vehicles etc. (e.g. video, software download), Support of Low bit-rate broadcast service e.g. for emergency messages 
	TR 22.864, §5.4: Efficient content delivery

	Indirect access
	Bidirectional
	Single-link
	Broadband connectivity to cells in isolated areas, on board aircraft or vessels.
Broadband connectivity to tactical cells for mission critical communications or disaster relief
Broadband connectivity for network Head-End
IoT devices on containers (e.g. for tracking and tracing) connect via a Relay UE on the ship.
	TR 22.863, §5.3: Deployment and coverage
TR 22.862, §5.6: Mission critical services

	Indirect access
	Bidirectional
	Multi-link
	Broadband connectivity to home/Small Office cell in underserved areas in combination with terrestrial wireless or wire line access
Broadband connectivity in conjunction with a terrestrial based connectivity link to base stations or relay on board moving platforms such as high speed trains/bus to ensure service reliability, rural areas, big events in ad-hoc built-up facilities. 
	TR 22.864, §5.5: BackhaulingTR 22.863, §5.6: Fixed Mobile Convergence
TR 22.863, §5.7: Femto cell
TR 22.863, §5.4: Higher user mobility


	Indirect access
	Unidirectional
	Multi-link
	Providing efficient multicast/broadcast delivery to network edges for content such as live broadcasts, ad-hoc broadcast/multicast streams, group communications, MEC VNF update distribution
	TR 22.864, §5.4: Efficient content delivery



In addition, one should also mention the role of Global Navigation Satellite Systems (GNSS) to ensure sub-meter positioning accuracy in outdoor environments (See TR 22.862, §5.4 : higher accuracy).

Non-Terrestrial Network deployment scenarios
Scenarios
Based on the deployment scenarios examples, defined in the TR 38.913 under clause 6.1.12 “Satellite extension to Terrestrial”, the following Non Terrestrial Network (NTN) reference deployment scenarios are down selected and will be further detailed in the study and used for the evaluations:


Table 2: Reference Non-Terrestrial Network Deployment scenarios to be considered in the study
	Attributes
	Deployment-S1
	Deployment-S2
	Deployment-S3
	Deployment-S4
	Deployment-A1

	Platform orbit/altitude
	GEO at 35 786 km
	GEO at 35 786 km
	Non-GEO down to 600 km
	Non-GEO down to 600 km
	Airborne vehicle up to 20 km

	Carrier Frequency between Air/spaceborne platform and UE
	Around 20 GHz for DL
Around 30 GHz for UL
	Around 2 GHz for both DL and UL
	Around 2 GHz for both DL and UL
	Around 20 GHz for DL
Around 30 GHz for UL
	Below 6 GHz

	Beam pattern
	Earth fixed beams
	Earth fixed beams
	Moving beams
	Earth fixed beams
	Earth fixed beams

	Duplexing
	FDD
	FDD
	FDD
	FDD
	FDD

	Satellite / HAPS architecture
	Bent pipe
	Bent pipe
	gNB on board (On-Board Processing)
	Relay node on board (On-Board Processing)
	gNB on board (On-Board Processing)

	Typical Non-terrestrial network positioning in the 5G architecture
	Indirect access (Transport network)
	Direct access (Access network)
	Direct access (Access network)
	Indirect access (Transport network)
	Direct access (Access network)

	Channel Bandwidth 
(DL + UL)
	Up to 2*800 MHz
	Up to 2*20 MHz
	Up to 2*20 MHz
	Up to 2*800 MHz
	Up to 2 * 80 MHz

	UE Distribution
	100% Outdoors
	100% Outdoors
	100% Outdoors
	100% Outdoors
	Indoor and Outdoor

	UE type
	Very Small Aperture Terminal (fixed or mounted on Moving Platforms)
	Up to 3GPP class 3 
	Up to 3GPP class 3
	Very Small Aperture Terminal (fixed or mounted on Moving Platforms)
	Up to 3GPP class 3

	UE Mobility
	up to 1000 km/h (e.g. aircraft)
	up to 1000 km/h (e.g. aircraft)
	up to 1000 km/h (e.g. aircraft)
	up to 1000 km/h (e.g. aircraft)
	up to 500 km/h (e.g. high speed trains)



NOTE1:	The carrier frequencies noted here are for evaluation purpose only, satellites are deployed in wide range of frequency bands including L band (1-2GHz), S band (2-4GHz), C band (3.4-6.725 GHz), Ku band (10.7-14.8 GHz), Ka band (17.3-21.2 GHz, 27.0-31.0 GHz) and Q/V bands (37.5-43.5 GHz, 47.2-50.2 GHz and 50.4-51.4 GHz) and more.
NOTE2:	Bent pipe refers to the architecture where the satellite transponders are transparent—only amplify and change frequency but preserve the waveform. On Board Processing satellite transponders incorperate regeneration — including modulating and coding the waveform.
NOTE3:	UE refers to both hand-helds and other moving platform terminals such as vehicle, ships, aircrafts moubnted terminals etc.

System reference architectures
Here under are depicted the positioning of the various NTN within the 5G system architecture:
[image: ]
Figure 1: NTN features an access network with gNB on board air/spaceborne platform

[image: ]
Figure 2: NTN features an access network based on a bent pipe air/spaceborne platform


[image: ]
Figure 3: NTN features a transport network based on a bent pipe air/spaceborne platform

Coverage pattern
The beam patterns of the various NTN within the 5G system architecture are depicted below:
[image: ]
Figure 4: Beam patterns
The beams are moving (cf. Deployment S3) or are fixed earth (cf. Deployments S1, S2 S4, A1).

Typical foot print of beams are

	Attributes
	GEO
	Non-GEO
	HAPS

	Beam size (earth foot print in diameter)
	200 – 1000 km
	100 – 500 km
	50 - 200 km


 

Typical RF characteristics of UE

	
	Very Small Aperture Terminal (fixed or mounted on Moving Platforms)
	Handheld class 3 devices

	Frequency band
	Downlink: 19.7-21.2 GHz
Uplink: 29.5 – 30.0 GHz
	Downlink: 2170-2200 MHz
Uplink: 1980-2010 MHz

	Transmit Power
	2 W (33 dBm)
	200 mW (23 dBm)

	Antenna
	60 cm equivalent aperture diameter (circular polarisation)
	Omnidirectional antenna (linear polarisation)

	Noise figure
	1 dB
	9 dB

	EIRP
	50 dBW
	-7 dBW

	G/T
	16 dB/K
	-33.6 dB/K





1. Conclusion
Use cases and reference deployment scenarios for Non Terrestrial Networks have been proposed in this document for considerations in the perspective of the upcoming Study Item on NR support Non-Terrestrial Networks. 

7

image2.emf
UE

5G

Core

Data

network

NG2 &

NG3

NG6

gNB

Uu


image3.emf
Relay 

node

5G

Core

Data

network

NG2 &

NG3

NG6

gNB

Uu

UE

Uu


image4.png
Bent Pipe (Transparent) Non-Transparent (On board processor)
air/spaceborne platform i i air/spaceborne platform

Earth
station

/
b

station





image1.emf
UE

5G

Core

Data

network

NG2 &

NG3

NG6

gNB

Uu


