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Introduction
The roles and benefits of non-terrestrial networks in 5G have been introduced and discussed in 3GPP, with  related several use cases, deployment scenario and key issue identified through several contributions over the past 18 months in both SA and RAN
· the support of “5G connectivity via satellite” within 3GPP TR23.799
· the “Higher availability” requirement within 3GPP TR22.862
· the “Wide Area Connectivity” requirement within 3GPP TR22.863
· the “Satellite Access” requirements within 3GPP TR 22.864
· the “5G Connectivity Using Satellites” use case of 3GPP TR 22.891
· the “Satellite extension to Terrestrial” within 3GPP TR 38.913 

Non-terrestrial networks refer to networks, or segments of networks, using an airborne or spaceborne vehicle for transmission:
· 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) including tethered UAS and Lighter than Air UAS (LTA), Heavier than Air UAS (HTA), High Altitude UAS Platforms (HAPs)


Current considerations of NTN within 3GPP SA related activities
The roles of non-terrestrial networks in 5G have been introduced and discussed in 3GPP.  Deployment scenario and key issue identified through several contributions have be synthesized over the past 18 months in a number of use cases that are summarized in the following table.
Earlier this month, support for satellite access was approved  in “TS 22.261 Service requirements for next generation new services and markets; Stage 1 (Release 15)” as part of the 5G basic capability “multiple access technologies”. Additionally, a study item related to non-terrestrial networks was also approved as part of Phase 2 related activities for NR.

Satellite access has been specified in “TS 22.261 Service requirements for next generation new services and markets; Stage 1 (Release 15)” as part of in the following terms:
· Satellite access is defined as the connectivity between the UE and the satellite.
· Within the 5G basic capability “multiple access technologies”, 
· It is indicated that New technology such as satellite and wide area base stations will increase coverage and availability.
· It is also specified that: 
· The 5G system shall be able to provide services using satellite access.
· The 5G system shall support service continuity between land based 5G access and satellite based access networks owned by the same operator or by an agreement between operators.
· To provide services using satellite access, the air interface of the 5G system shall support a one-way latency of up to 280 ms.

NTN Use cases in 5G

NTN use cases can be broadly classified along the following criteria:
· Link positioning: 
· Direct access directly the end user devices, 
· Indirect Access via a Relay UE (or RAN equipment - backhaul) installed on moving platforms such as aeroplanes, ships, trains and buses
· Link capability: 
· Bidirectional (narrowband or broadband + optionally broadcast/multicast),
· Unidirectional (broadcast/multicast only)
· Link configuration: 
· Multi-link with another network technology (through link aggregation or 
· dual connectivity), or 
· Single-link
· 3GPP or a non 3GPP based.


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).

A high degree of technology commonality and tighter operational integration between non-terrestrial networks and 5G radio access technologies is required to maximise the above mentioned benefits.

NTN characteristics


	Type of Platforms
	Geostationary-Satellite
	Medium Earth Orbit
	Low Earth Orbit
	High Altitude Platform

	Acronym
	GEO 
	MEO 
	LEO
	HAPS 

	Altitude range [km]:
	35786
	8000 - 12000
	500 - 1500
	18 - 25

	Typical altitude [km]:
	35786
	8062
	1400
	20

	Typical Elevation Angle [deg]:
	5
	5
	5
	5

	Diameter of Coverage [km]:
	16994
	13112
	6729
	388

	Max UE range to Satellite [km]:
	41127
	12411
	3930
	195,5

	One Way Propagation Delay from UE to Satellite [ms]:
	137,1
	41,4
	13,1
	0,7

	Typical number of platforms to cover Earth:
	3 to 5
	5 to 12
	50 to 100
	Several thousands

	Typical Speed of Platform wrt  Earth  [km/sec]:
	Fixed
	5,3
	7,2
	fixed




One unique aspect of MEO and LEO satellite systems compared to GEO and HAPS is that they are non-stationary relative to the earth(also referred to as NGSO satellite), and therefore satellites coverage and the fixed gateway earth stations that these satellites connect to are constantly changing during their orbit around the earth.  Figure 1 depicts an example where the gateway connection (feeder link) is changed while still providing coverage to the UE.  

[image: ]
Figure 1: Non-Geostationary Satellite Orbit (NGSO)

Additionally,  as depicted in Figure 2, a satellite platform may be equipped:
· Either, with a transparent radio frequency (RF) “bent pipe” repeater, extending the reach of the RAN by relaying (power amplification, frequency conversion) the RF signals between UE and the gNB. 
· Or,  with a “regenerative” payload, including the same functions as previous, with the addition of baseband processing, routing, possibly the inclusion of a gNb and interconnections with adjacent satellites, thereby allowing the NTN to create an overlay mesh network through inter-satellite link for backhauling. 

 [image: ]
Figure 2: Bent Pipe versus Non-Transparent air/spaceborne platform integration in 5G architecture

Here under are depicted the positioning of the various NTN within the 5G system architecture:
[image: ]
Figure 3: NTN features an access network with non-transparent (gNB on board) air/spaceborne platform
[image: ]
Figure 4: NTN features an access network based on a bent pipe air/spaceborne platform


[image: ]
Figure 5: NTN features a transport network based on a bent pipe air/spaceborne platform


Another aspect of Non-Terrestrial network is that a single system could comprise of multiple spot beams, with some of the beams spanning multiple countries. This has implication on the identifying the location of the UE for proper charging considerations.
[image: ]
Figure 6: Cross border coverage pattern from spaceborne platform 

These specific characteristics that may require architectural adaptations. While the changes needed may not be significant, it is proposed that SA study the support of non-terrestrial networks in the 5G system architecture.



Proposal
3GPP SA is invited to initiate studies as part of Rel-15 on the support of non-terrestrial networks by the 5G system architecture.
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