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Introduction

It is agreed to start the study item of “Study on solutions evaluation for NR to support Non Terrestrial Network” in RAN meeting #80 in La Jolla, USA[1].

The objectives of this study item are based on the outcomes of the TR 38.811[2], to study a set of necessary features/adaptations enabling the operation of NR protocol in non-terrestrial networks for 3GPP Release 16 with a priority on satellite access.
For layer2 and above and RAN architecture:

Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management. [RAN2]
Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths [RAN2, RAN1]

Architecture: Identify needs for the 5G’s Radio Access Network architecture to support non-terrestrial networks (e.g. handling of network identities) [RAN3]
Paging: procedure adaptations in case of moving satellite foot prints or cells
This document addresses the NTN scenarios considering the types of satellite platform, orbit/altitude and payload.
Discussion
According to altitude of satellite and orbit shape, different satellite platforms can be used to provide regional or global services including Geostationary Earth Orbit(GEO), Low Earth Orbit(LEO), Medium-Earth Orbit(MEO) and High Elliptical Orbit(HEO) as well as Unmanned Aerial System(UAS).

LEO: 300~1500km with circular orbit

MEO: 7000~25000km with circular orbit

GEO: 35786km with fixed beam foot print in a specified earth point.

HEO: 400~50000km with elliptical orbit around the earth.

UAS: 8~50km with fixed beam foot print in a specified earth point.

A bent-pipe or regenerative payload can be used in the satellite platform:

A bent-pipe/transparent payload – the signal waveform is not changed and frequency conversion and amplification are needed in the payload.

A regenerative payload – the part or all of the function in a base station is available in the satellite, where data coding/decoding, modulation/demodulation, frequency conversion/amplification etc are needed.

The prioritized combinations of platform type and payload type are listed as following:

GEO with bent-pipe payload

GEO with regenerative payload

LEO with bent-pipe payload

LEO with regenerative payload

The other platform types or combinations, e.g. HEO, UAS etc, are considered with low priorities.

The challenges of NTN include the following aspects:

High Doppler shift and Doppler variance

High path loss

High delay

The influence of the challenge for different prioritized combinations are different, so the selection of reference scenarios should capture those potential combinations as many as possible in case important ones are kicked out of study scope before evaluation.

Regarding the altitude of LEO in reference scenarios, besides 600km, 1200km is suggested as well since the original consideration of 600km is due to the higher Doppler shift, but under the assumption that Doppler shift can be pre/post compensated based on ephemeris of satellite, the round trip delay and path loss will be more crucial in LEO evaluation.

It is also meaningful to evaluate system performance of NTN in a nearly realistic satellite constellation, e.g. when evaluating SINR distribution in system simulation, the results in low altitude will be different from those in high altitude zones.

Proposal1: The prioritized scenarios of NTN shall be considered:

GEO with bent-pipe payload

GEO with regenerative payload

LEO with bent-pipe payload

LEO with regenerative payload

Proposal2: 1200km altitude for LEO shall be considered in NTN scenarios:

Proposal3: The nearly realistic satellite constellation shall be captured to facilitate SLS performance evaluation when considering NTN reference scenarios. 
NTN reference scenarios
The following reference scenarios shall be considered in Non Terrestrial Networks (NTN).

	Scenarios
	GEO based NTN
	LEO based NTN

	Orbit type
	fixed Beam
	Circular /polar orbit 

	Altitude
	35786km
	Option A: 600km

Option B: 1200km

	Orbital inclination
	0°
	Option A: 86.4° (600km altitude)

Option B: 86.4°(1200km altitude)

	Number of orbit planes
	TBD
	TBD

	Satellite number in each orbit
	TBD
	TBD

	Beam number in each satellite
	TBD
	TBD

	Spectrum(service link)
	Option A: S-band, e.g. 2GHz

Option B: Ka-band, e.g. DL 20GHz, UL-30GHz

	Max Bandwidth(service link)
	Option A: 30MHz for S-band

Option B: 400Mhz for Ka-band

	Payload
	Option A: Transparent

Option B: Regenerative

	ISL
	“Yes” for regenerative payload

“No” for transparent payload

	HPBW of service link in satellite
	0.5°
	19°(600km altitude)

10°(1200km altitude)

	Min Elevation angle for both gateway and user equipment
	10°
	10°

	Point beam number in a satellite
	TBD ( should be determined according to orbit design and Max beam foot print diameter at nadir)
	TBD (should be determined according to orbit design and Max beam foot print diameter at nadir)

	*Max beam foot print diameter at nadir
	312km
	201km(600km altitude)

210km( 1200 altitude)

	*Max distance between satellite and user equipment at min elevation angle
	40581km
	1932.24km (600km altitude)

3130.9km(1200km altitude)



	*Max round trip delay(propagation delay only)
	270.54ms(for service link)

541.08ms(for service link + feeder link)
	12.88ms(600km altitude for service link)

25.76ms(600km altitude for service link+feeder link)

20.873ms(1200km altitude for service link)

41.746ms(1200km altitude for service link+ feeder link)

	*Max differential delay(between nadir and end of beam foot print paths)
	16ms
	4.44ms(600km altitude)

6.44ms(1200km altitude)

	*Max Doppler shift(earth fixed user equipment)
	-1.4kHz@2GHz

-14.2kHz@20GHz

-21.2kHz@30GHz
	+/-46.15kHz@2GHz for 600km altitude

+/-40.56kHz@2GHz for 1200km altitude

+/-461.5kHz@20GHz for 600km altitude

+/-405.6kHz@20GHz for 1200km altitude

+/-692.3kHz@30GHz for 600km altitude

+/-608.4kHz@30GHz for 1200km altitude

	*Max Doppler shift variation(earth fixed user equipment)
	-90mHz@2GHz for 600km altitude

-0.9Hz@20GHz for 600km altitude

-1.35Hz@30GHz for 1200km altitude
	-583Hz@2GHz for 600km altitude

-245Hz@2GHz for 1200km altitude

--5830Hz@20GHz for 600km altitude

-2451Hz@20GHz for 1200km altitude

-8745Hz@30GHz for 600km altitude

-3677Hz@30GHz for 1200km altitude

	User equipment motion on the earth
	Max 1000km/h

	User equipment antenna types
	Option A: Omni directional antenna(linear polarisation)

Option B: Directive antenna with 60cm equivalent aperture and circular polarisation

	User equipment Tx power
	Option A: 200mW for omni directional antenna

Option B: max 4W for directive antenna

	User equipment Noise Figure
	Option A: 7dB for omni directive antenna

Option B: 1.2dB for directive antenna

	G/T in satellite(service link)
	TDB
	Option A: TBD dB/K for 600km altitude

Option B: TBD dB/K for 1200km altitude

	EIRP in satellite(feeder link)
	TDB
	TDB

	G/T in satellite(feeder link)
	TDB
	TDB

	G/T in Earth Station(feeder link)
	TDB
	TDB

	Earth station EIRP(feeder link)
	TDB
	TDB


* Parameters with “*” are concluded according to orbit or initial configurations.

Proposal4: Capture the NTN reference scenario table in the TR.
Conclusion
In this contribution, the NTN Network scenarios are discussed with following proposals:

Proposal1: The prioritized scenarios of NTN shall be considered:

GEO with bent-pipe payload

GEO with regenerative payload

LEO with bent-pipe payload

LEO with regenerative payload

Proposal2: 1200km altitude for LEO shall be considered in NTN scenarios:

Proposal3: The nearly realistic satellite constellation shall be captured to facilitate SLS performance evaluation when considering NTN reference scenarios.

Proposal4: Capture the NTN reference scenario table in the TR.
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