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Abstract
The objective of this document is to propose a text for the 3rd and 4th clauses of the TR 38.XXX “Study on NR to support Non-Terrestrial Networks” to be drafted as part of the study item NR-NTN.

Discussion

The chapter “Non-Terrestrial Networks overview” aims at identifying the potential role and use cases of NTN in 5G system, and providing architecture types to down select the reference deployment scenarios.



Proposed text for approval

It is proposed to add the following texts to TR 38.XXX “Study on NR to support Non-Terrestrial Networks”.

* * * Start of changes * * * * (new text)

2. References
[1]	3GPP TR 38.913: "Study on Scenarios and Requirements for  Next Generation Access Technologies (Release 14)".
[2]	3GPP TS 36.101: "Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception (Release 14)".
[3] 3GPP TR 38.801: “Technical Specification Group Radio Access Network; Study on new radio access technology: Radio access architecture and interfaces (Release 14)”
[4]	3GPP TR 38.804: "Technical Specification Group Radio Access Network; Study on New Radio Access Technology; Radio Interface Protocol Aspects (Release 14) ".
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[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
Aerial: an airborne vehicle embarking a bent pipe payload or a regenerative payload telecommunication transmitter, typically at an altitude between 10 to 20 km. 
Airborne vehicles: Unmanned Aircraft Systems (UAS), High Altitude Platforms (HAPs)
Availability : % of time during which the RAN is available for the targeted communication. Unavailable communication for shorter period than [Y] ms shall not be counted. The RAN may contain several access network components among which an NTN to achieve multi-connectivity or link aggregation.
Beam throughput: data rate provided in a beam
Bentpipe payload: payload that changes the frequency carrier of the uplink RF signal, filters and amplifies it before transmitting it on the downlink 
Connectivity: capability to establish and maintain data / voice / video transfer between networks and parts thereof
Geostationary Earth orbit: Circular orbit at 35,786 kilometres above the Earth's equator and following the direction of the Earth's rotation. An object in such an orbit has an orbital period equal to the Earth's rotational period and thus appears motionless, at a fixed position in the sky, to ground observers.
Low Earth Orbit: Orbit around the around Earth with an altitude between 500 kilometers (orbital period of about 88 minutes), and 2,000 kilometres (orbital period of about 127 minutes).
Medium Earth Orbit: region of space around the Earth above low Earth orbit and below geostationary Earth Orbit.
Non Geostationary Satellites: Satellites ( LEO and MEO) orbiting around the Earth with a period that varies approximately between 1.5 hour and 10 hours. It is necessary to have a constellation of several Non Geostationary satellites associated with handover mechanisms to ensure a service continuity.
Non-terrestrial networks : Networks, or segments of networks, using an airborne or spaceborne vehicle to embark a transmission equipment relay node or base station.
On Board processing: digital processing carried out on uplink RF signals aboard a satellite or an aerial. 
One way latency: time required to propagate through the RAN from a terminal to the gateway or from the gateway to the terminal. This is especially used for voice and video conference applications.
Regenerative payload: payload that transforms and amplifies an uplink RF signal before transmitting it on the downlink. The transformation of the signal refers to digital processing that may include demodulation, decoding, re-encoding, re-modulation and/or filtering . 
Relay node: Relay of Uu radio interface. The relay function can take place at Layer 1, 2 or 3. 
Reliability : probability that the RAN performs in a satisfactory manner for a given period of time when used under specific operating conditions. The RAN may contain several access network components among which an NTN to achieve multi-connectivity or link aggregation.
Round Trip Delay: time required for a network communication to travel from a terminal to the gateway or from the gateway to the terminal and back. This is especially used for web based applications.
Satellite: a spaceborne vehicle embarking a bent pipe payload or a regenerative payload telecommunication transmitter, placed into Low-Earth Orbit (LEO) typically at an altitude between 500 km to 2000 km, Medium-Earth Orbit (MEO) typically at an altitude between 8000 to 20000 km, or Geostationary-satellite Earth Orbit (GEO) at 35 786 km altitude. 
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
User Connectivity: capability to establish and maintain data / voice / video transfer between networks and Terminals
User Throughput: data rate provided to a terminal

[bookmark: _Toc354562227]3.2. Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc354562228]3.3. Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
AWGN:	Additive White Gaussian Noise
BLOS:	Beyond Line of Sight
BW:	Bandwidth
C2:	Control and Command
eMBB:	enhanced Mobile Broadband
FOTA:	Firmware Over The Air services
FSS:	Fixed Satellite Services
GEO:	Geostationary Earth Orbiting
gNB:	next Generation Node B
HD:	High Definition
HEO:	Highly Elliptical Orbiting
IoT:	Internet of Things
KPI:	Key Performance Indicator
IMUX:	Input MUltipleXer
LEO:	Low Earth Orbiting
LMS:	Land Mobile Satellite
LoS:	Line of Sight
Mbps:	Mega bit per second
MEO:	Medium Earth Orbiting
mMTC:	massive Machine Type Communications
NGSO:	Non Geostationary Satellite Orbit
NT:	Non Terrestrial
NTN: 	Non Terrestrial Network
OMUX:	Output MUltipleXer
POI:	Point of Interest
RAN:	Radio Access Network
RAT:	Radio Access Technology
SOTA:	Software Over The Air services
TV:	Television
UAS:	Unmanned Aerial System
UE:	User Equipment
URLCC:	ultra-Reliable Low latency Communications
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4. Non-Terrestrial Networks overview – background information

4.1. Roles for Non-Terrestrial networks in 5G system
Thanks to the wide service coverage capabilities and reduced vulnerability of space/airborne vehicles to physical attacks and natural disasters, Non-Terrestrial networks are expected to
· foster the roll out of 5G service in un-served 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/maritime/aeronautical communications, and to
· enable 5G network scalability by providing efficient multicast/broadcast resources for data delivery towards the network edges or even user terminal.

The benefits relate to either Non-Terrestrial networks operating alone or to integrated terrestrial and Non-Terrestrial networks. They will impact the following 5G Key performance Indicators: Coverage, User Bandwidth, System capacity, Service reliability or Service availability, Energy consumption, Connection density (See [1]). This will be further elaborated in clause 7 on this TR.
A role for Non-Terrestrial network components in the 5G system is expected for the following verticals: , Transport, Public Safety, Media and Entertainment, eHealth, Energy, Agriculture, Finance, Automotive.

4.2. 5G Use Cases wherein Non-Terrestrial Network components have a role

4.2.1. 5G use cases introduction
A use case, typically refers to the interactions between a role and a system, to achieve a specific goal. Hence, it is necessary to identify the goal of the service enabled by a Non-Terrestrial network component integrated in the 5G system.
The tables in the clauses after respectively identify for each of the 5G service enablers, the use cases wherein Non-Terrestrial Network components have a role to play.
· 5G service enablers refer to eMBB (enhanced Mobile Broadband), uRLCC (ultra-Reliable Low latency Communications) and mMTC (massive Machine Type Communications).
· 5G use cases correspond to the interactions between a stakeholder (user, operator, service provider) and the 5G system, to achieve a specific goal.
· The role of the Non-Terrestrial Network refers to services enabled by the Non-Terrestrial Network component in the 5G system to support the use case.
· 3GPP reference documents are provided in which the use cases are mentioned.

Table 1: 5G use cases for Satellite access networks
	5G Service enabler
	5G Use case
	5G Use case description
	Satellite service/5G KPI benefits
	3GPP References

	eMBB
	Multi connectivity
	Users in underserved areas (home or in Small Offices, big events in ad-hoc built-up facilities) are connected to the 5G network via multiple network technologies and benefit from 50 Mbps+. Delay sensitive traffic may be routed over short latency links while less delay sensitive traffic can be routed over the long latency links.
	Broadband connectivity to cells or relay node in underserved areas in combination with terrestrial wireless/cellular or wire line access featuring limited user throughput.
=> 5G KPI improved: continuous coverage, user throughput, availability and possibly reliability
	TR 22.864, §5.5: Backhauling TR 22.863, §5.6: Fixed Mobile Convergence
TR 22.863, §5.7: Femto cell
TR 22.863, §5.4: Higher user mobility
TS 22.261 §6, 6.6, 6.7, 6.8, 6.9, 6.10, 6.11, 6.13, 6.15

	eMBB
	Fixed cell connectivity
	Users in isolated villages or industry premises (Mining, off shore platform) access 5G services and benefit from 50 Mbps+.

	Broadband connectivity between the core network and the cells in un-served areas (isolated areas).
=> 5G KPI improved: continuous coverage
	TR 22.863, §5.3: Deployment and coverage


	eMBB
	Mobile cell connectivity
	Passengers on board vessels or aircrafts access 5G services and benefit from 50 Mbps+.
	Broadband connectivity between the core network and the cells on board a moving platform (e.g. aircraft or vessels).
=> 5G KPI improved: continuous coverage
	TR 22.863, §5.3: Deployment and coverage
TS 22.261

	eMBB
	Network resilience
	Some critical network links requires high availability which can be achieved through the aggregation of two or several network connections in parallel. 
The intent is to prevent the primary network connection outage.
	Secondary/backup connection (although potentially limited in capability compared to the primary network connection).
=> 5G KPI improved: availability and possibly reliability 
	TR 22.862, §5.5: Higher availability
TS 22.261

	eMBB
	Trunking
	A network operator may want to deploy or restore (disaster relief) 5G service in an isolated area (not connected to public data network).
A network operator may want to interconnect various 5G local access network wide apart
	Broadband connectivity between the public data network and a mobile network anchor point or between the anchor points of two mobile networks.
=> 5G KPI improved: continuous coverage
	TR 22.863, §5.3: Deployment and coverage
TS 22.261

	eMBB
	Edge network Delivery 
	Media and entertainment content such as live broadcasts, ad-hoc broadcast/multicast streams, group communications, Mobile Edge Computing’s Virtual Network Function updates are transmitted in multicast mode to a RAN equipment at the network edge where it may be stored in a local cache or further distributed to the User Equipment.
The intent is to off load popular content from the mobile network infrastructure (especially at backhaul level).
	Broadcast channel to support Multicast delivery to 5G network edges.
=> 5G KPI improved: system capacity, latency 
	TR 22.864, §5.4: Efficient content delivery
TS 22.261 (related 6.x)

	eMBB
	Mobile cell hybrid connectivity
	Passengers on board public transport vehicles (e.g. high speed/regular trains, buses, river boats) access reliable 5G services. They are served by a base station which is connected by an hybrid cellular/satellite connection. The cellular connectivity may be intermittent and limited user throughput.

	Broadband connectivity combined with terrestrial cellular access to connect a cell/group of cells or relay node(s) on board moving platforms. 
=> 5G KPI improved: continuous coverage, user throughput, availability and possibly reliability
	TR 22.863, §5.3: Deployment and coverage
TR 22.862, §5.5: Higher availability
TS 22.261 (related to)

	eMBB
	Direct To Node broadcast
	TV or multimedia service delivery to home premises or on board a moving platform
	Broadcast/Multicast service to access points in homes or on board moving platforms.
=> 5G KPI improved: system capacity
	TR 22.864, §5.4: Efficient content delivery
TS 22.261 (related to)

	URLLC (See Note 1)
	Direct to mobile broadcast
	Public safety authorities wants to be able to instantaneously alert/warn the public (or specific subsets thereof) of catastrophic events and provide guidance to them during the disaster relief while the terrestrial network might be down.
Automotive industry players, are interested to provide instantaneously Firmware/Software Over The Air services (FOTA/SOTA) to their customers wherever they are. This will include information updates such as map information including points of interest (POI), real-time traffic, weather, and early warning broadcasts (e.g. floods, earthquakes and other extreme weather situations, as well as terror attacks), parking availability, infotainment, etc.
Media and entertainment industry can provide entertainment services in vehicles (cars, buses, trucks)
	Broadcast/Multicast service directly to User Equipment whether handheld or vehicle mounted.
=> 5G KPI improved: system capacity and reliability 
	TR 22.864, §5.4: Efficient content delivery
TR 22.862, §5.6: Mission critical services
TS 22.261 (related to)

	URLLC (See Note 1)
	Wide area public safety
	Public safety users such as emergency responders, police, fire brigade, police can exchange messaging and voice services in outdoor conditions anywhere they are and achieve continuity of service whatever mobility scenarios.
	Connectivity between the core network and the User Equipment (handset or vehicle mounted).
=> 5G KPI improved: continuous coverage, availability 
	TR 22.862, §5.6: Mission critical services
TS 22.261 (related to)

	URLLC (See Note 1)
	Local area public safety
	Public safety users such as emergency responders, police, fire brigade, police set up a tactical cell wherever they need to operate. This cell can be connected to the 5G system via satellite to exchange data, voice and video based services between the public safety users within a tactical cell or with the remote coordination centre.
	Broadband connectivity between the core network and the tactical cells.
=> 5G KPI improved: continuous coverage, availability 
	TR 22.862, §5.6: Mission critical services
TS 22.261 (related to)

	URLLC (See Note 1)
	Airborne surveillance
	An airborne platform (Drones or Unmanned Aerial System) may embark cameras and sensors to monitor a specific area. Beyond Line of Sight (BLOS) airborne mission, typically used in transport and agriculture vertical domains, shall be able to report the data collected and be remotely configured through Command and Control (C2). 
	Broadband connectivity between a core network and a User Equipment on board UASs/drones in complement to cellular connection.
=> 5G KPI improved: continuous coverage and reliability
	TR 22.861, §5.2: connectivity aspects
TR 22.864, §5.6: Access
TR 22.862, §5.1: Higher reliability and lower latency
TS 22.261 (related to)

	mMTC
	Wide area IoT service
	Global continuity of service for telematic applications based on a group of sensors/actuators (IoT devices, battery activated or not) scattered over or moving around a wide area and reporting information to or controlled by a central server.
These sensors and/or actuators may be used for example the following telematics applications:
· Automotive and road transport: high density platooning, HD map updates, Traffic flow optimisation, Vehicle software updates, automotive diagnostic reporting, user base insurance information (e.g. speed limit, driving behaviour), safety status reporting (e.g. air-bag deployment reporting), advertising based revenue, Context awareness information (e.g. neighbouring bargain opportunities based on revenue), remote access functions (e.g. remote door unlocking).
· Energy: Critical surveillance of oil/gas infrastructures (e.g. pipeline status) 
· Transport: Fleet management, asset tracking, digital signage, remote road alerts
· Agriculture: Livestock management, farming 

	Connectivity between IoT devices (battery activated sensors/actuators or not) and spaceborne platform. Continuity of service across spaceborne platforms and terrestrial base stations is needed.
=> 5G KPI improved: continuous coverage
	TR 22.861, §5.2: connectivity aspects
TR 22.864, §5.6: Access
TR 22.862, §5.1: Higher reliability and lower latency
TS 22.261 (related to)

	mMTC
	Local area IoT service
	Group of sensors that collect local information, connect to each other and report to a central point. The central point may also command a set of actuators to take local actions such as on-off activities or far more complex actions.
The sensors/actuators served by a local area network may be located in a smart grid sub-system (Advanced Metering), on board a moving platform (e.g. container on board a vessel, a truck or a train).
	Connectivity between mobile core network and base station serving IoT devices in a cell or a group of cells.
=> 5G KPI improved: continuous coverage
	TR 22.863, §5.3: Deployment and coverage
TS 22.261 (related to)



Note 1: Although satellite based access network feature extended propagation delay, they can still be considered for URLLC service enabler to improve resilience, reliability and/or coverage. 

Table 2: 5G use cases for Aerial access networks
	5G Service enabler
	5G Use case
	5G Use case description
	Aerial access service/5G KPI benefits
	3GPP References

	eMBB
	Hot spot on demand
	Users in un/underserved areas (big events) are connected to the 5G network and benefit from 50 Mbps+.
	Broadband connectivity to cells or relay node in un/underserved areas.
=> 5G KPI improved: coverage, capacity
	TR 22.863, §5.3: Deployment and coverage
TS 22.261 (related to)

	URLLC
	Airborne surveillance
	An airborne platform (Drones or Unmanned Aerial System) that operate over a restricted area (<200 km diameter) may embark cameras and sensors to monitor a specific area. Beyond Line of Sight (BLOS) airborne mission, typically used in transport and agriculture vertical domains, shall be able to report the data collected and be remotely configured through Command and Control (C2). 
	Broadband connectivity between a core network and a User Equipment on board UASs/drones in complement to cellular connection.
=> 5G KPI improved: Coverage and reliability
	TR 22.861, §5.2: connectivity aspects
TR 22.864, §5.6: Access
TR 22.862, §5.1: Higher reliability and lower latency
TS 22.261 (related to)

	URLLC
	Regional area public safety
	Public safety users such as emergency responders, police, fire brigade, police can exchange messaging, voice and video services in indoor/outdoor conditions anywhere they are and whatever mobility scenarios.
	Connectivity between the core network and to the User Equipment (handset or vehicle mounted).
Connectivity between two edge nodes 
=> 5G KPI improved: coverage, availability
	TR 22.862, §5.6: Mission critical services
TS 22.261 (related to)




4.3. Satellite and aerial access network architecture principles

Non-Terrestrial access Network typically features the following elements:
· NTN Terminal: It may refer to directly the 3GPP UE or a terminal specific to the satellite system in case the satellite doesn’t serve directly 3GPP UEs.
· A service link which refer to the radio link between the user equipment and the space/airborne platform
· A space or an airborne platform embarking a payload which may implement
· A bentpipe payload: Radio Frequency filtering, Frequency conversion and amplification:
· A regenerative payload: Radio Frequency filtering, Frequency conversion and amplification as well as demodulation/decoding, switch and/or routing, coding/modulation
· Inter satellite/aerial links in case of regenerative payload and a constellation of satellites. They may operate in RF frequency or optical bands
· Gateways that connects the satellite or aerial access network to the core network
· Feeder links which refer to the radio links between the Gateways and the space/airborne platform

We shall distinguish between two types of Satellite access network
· Broadband access network serving Very Small Aperture Terminals that can be fixed or mounted on a moving platform (e.g. bus, train, vessel, aircraft, etc.). Broadband, in such system, refer 50 Mbps+ data rate and even up to several hundred Mbps on the downlink. The service links operate in frequency bands allocated to satellite services (Fixed, Mobile) above 6 GHz. 
· Narrowband access network serving terminals equipped with Omni or semi directional antenna (e.g. handheld terminal). Narrowband, in such system, refer to less than 1 or 2 Mbps data rate on the downlink. The service links operate typically in frequency bands allocated to mobile satellite services below 6 GHz.

As per Aerial access network, embarking a gNB, they can serve handheld devices with broadband service.

Based on these principles, the figures below illustrate possible satellite and aerial access network architectures


[image: ]Figure 1: Satellite access network (No ISL) which service link operates above 6 GHz frequency bands allocated to Fixed and Mobile Satellite Services (FSS and MSS)

[image: ]
Figure 2: Satellite access network which service link operates above 6 GHz frequency bands allocated to Fixed and Mobile Satellite Services (FSS and MSS)



[image: ]Figure 3: Satellite access network which service link operates below 6 GHz frequency bands allocated to Mobile Satellite Services (MSS)


[image: ]Figure 4: Aerial access network which service link operates below 6 GHz frequency bands allocated to Mobile Services (MS)

It is recommended to select a range of Deployment scenarios with either bentpipe or regenerative payloads. Note that the impact of ISL or not is beyond the scope of the study because it is assumed that NR will not be considered for such interface as the cost constraints of on board terminal are different from the VSAT or handheld terminals. 

4.4. Characteristics of NTN Terminals for satellite / aerial access network
The following table gives the minimum RF characteristics of the terminals operating respectively in Ka band (e.g. very small aperture terminals) and in S band (e.g. handheld terminals).

Table 3: Typical minimum RF characteristics of UE in satellite and aerial access networks
	
	Very Small Aperture Terminal (fixed or mounted on Moving Platforms)
	Handheld or IoT devices (3GPP class 3, see [2])

	Frequency band
	Downlink: 19.7-21.2 GHz
Uplink: 27.5 – 30.0 GHz
	Downlink: 2170-2200 MHz
Uplink: 1980-2010 MHz

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

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

	Antenna gain
	Tx: 43.2 dBi
Rx: 39.7 dB
	Tx and Rx: 0 dBi

	Noise figure
	1.2 dB
	9 dB

	EIRP
	45.75 dBW 
	-7 dBW

	G/T (Note 1)
	18.5 dB/K
	-33.6 dB/K

	Polarisation (Note 2)
	Circular
	Linear



Note 1 : For the computation of G/T or figure of merit, following formula applies in dB:
G/T = Ga – NF – 10*LOG(To+(Ta-To)/(100.1*NF))
where
· Antenna Gain : Ga in dBi
· Ambient Temperature : T0 (usually 290 K)
· Antenna temperature : Ta (Typically 290 K with 0 dBi gain and 150 K with >30 dBi gain)
· Noise Figure : NF in dB

Note 2 : For S band, we assume that the User Equipment features an omni-directional antenna of linear polarization, while the antenna on board spaceborne or airborne platforms features typically circular polarization. Hence a polarization mismatch of 3 dB has to be taken into account for the radio link budget computation. This will impact the UE RF characteristics as below: 
· Equivalent EIRP of 20 dBm (-10 dBW) under satellite coverage.
· Equivalent G/T of -36,6 dB/K under satellite coverage.

It is recommended to select at least 2 Deployment scenarios each with both frequency bands (S and Ka bands).

4.5. Air/Space borne vehicle characteristics
The table below provides characteristics of aerial and satellite vehicles that are relevant for the purpose of the study item:

Table 4: Typical characteristics of Airborne or Spaceborne vehicles
	Characteristics
	Geostationary satellites
	Non-Geostationary satellites
	Airborne platforms

	Altitude
	35 786 km
	Low Earth Orbiting satellites: From 600 km up to 1500 km
Medium Earth Orbiting satellites: From 7000 up to 20000 km
	Typically from 10 to 20 km

	Motion
	Typically within a cube of 50-100 km side around the theoretical orbital position fixed in terms of elevation/azimuth with respect to a given earth point
	We shall assume here only circular orbits around the earth
	Typically circling within 3 km from the theoretical position fixed in terms of elevation/azimuth with respect to a given earth point

	Elevation angle (angle under which the flying platform is seen by the terminal)
	Typically more than 10° for user terminal and more than 5° for gateways



The characteristics of the air/spaceborne vehicles create specific Doppler and propagation delay conditions that NR has to cope with.
It is recommended to select Deployment scenarios which feature worst case Doppler or Propagation Delay. In consequence, at least three scenarios shall be selected with respectively geostationary satellite, Very Low Earth Orbiting constellation (600 km altitude) and High Altitude Platform (20 km altitude).

4.6	Coverage pattern of NTN
Satellite or aerial vehicles typically generate several beams over a given area. The foot print of the beams are typically elliptic shape.
The beam footprint may be moving over the earth with the satellite or the aerial vehicle motion on its orbit.
Alternatively, the beam foot print may be earth fixed, in such case some beam pointing mechanisms (mechanical or electronic steering feature) will compensate for the  satellite or the aerial vehicle motion.
Table 5: Typical beam foot print size
	Attributes
	GEO
	Non-GEO
	HAPS

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


 
Typical beam patterns of the various NTN are depicted below:
[image: ]
Figure 5: NTN Beam patterns


4.7 Non-Terrestrial Network architecture options

Here under are depicted the possible options of NTN architecture in 5G context based on the RAN architecture principles described in [3]: 

[image: ]
Figure 6: NTN featuring an access network serving UEs and based on a satellite/aerial with bent pipe payload

In figure 6, the satellite or the aerial will relay a “Satellite friendly” NR signal between the gNB and the UEs in a transparent manner.

[image: ]
Figure 7: NTN featuring an access network serving UEs and based on a satellite/aerial with gNB on board 

In figure 7, the satellite or the aerial embarks full or part of a gNB to generate/receive a “Satellite friendly” NR signal to/from the UEs. This requires sufficient on board processing capabilities to be able to embark gNB or a Relay Node functions


[image: ]
Figure 8: NTN featuring an access network serving Relay Nodes and based on a satellite/aerial with bent pipe payload

In figure 8, the satellite or the aerial will relay a “Satellite friendly” NR signal between the gNB and the Relay Nodes in a transparent manner.

[bookmark: _GoBack][image: ]
Figure 9: NTN featuring an access network serving Relay Nodes and based on a satellite/aerial with gNB

In figure 9, the satellite or the aerial embarks full or part of a gNB to generate/receive a “Satellite friendly” NR signal to/from the Relay Nodes. This requires sufficient on board processing capabilities to be able to embark gNB or a Relay Node functions.

Table 6: 5G system elements mapping in NTN architecture
	
	5G elements - NTN elements mapping

	NTN architecture options
	NTN Terminal
	NTN vehicle 
	NTN Gateway

	A1: access network serving UEs viabentpipe satellite/aerial
	UE
	Remote Radio Head
(Bentpipe relay of Uu radio interface signals)
	gNB

	A2: access network serving UEs with gNB on board satellite/aerial
	UE
	gNB or Relay Node functions
	Router interfacing to Core network

	A3: access network serving Relay Nodes via bentpipe satellite/aerial
	Relay Node
	Remote Radio Head
(Bentpipe relay of Uu radio interface signals)
	gNB

	A4: access network serving Relay Nodes with gNB on board satellite/aerial
	Relay Node
	gNB or Relay Node functions
	Router interfacing to Core network




* * * End of Changes * * * *
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