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1 Introduction
[bookmark: _GoBack]The minimal elevation angle for feeder link is 5° in TR 38.811 and Table 8.1-1 in TR 38.821 , but is 10° in Table 4.2-2 in TR 38.821 [1][2]. To align with the assumptions in TR 38.811 and TR 38.821, this contribution provides corresponding text proposal for TR 38.821. This contribution also provides more accurate value for some parameters. 
2 Text Proposal for TR 38.821
[bookmark: _Toc530645484]Start of changes
4.2	Non-Terrestrial Networks reference scenarios
We shall consider in this document non-terrestrial networks providing access to user equipment in six reference scenarios including
· Circular orbiting and notional station keeping platforms.
· Highest RTD constraint
· Highest Doppler constraint
· A transparent and a regenerative payload
· One ISL case and one without ISL. Regenerative payload is mandatory in the case of inter-satellite links. 
· Fixed or steerable beams resulting respectively in moving or fixed beam foot print on the ground
Six scenarios are considered as depicted in Table 4.2-1 and are detailed in Table 4.2-2.
Table 4.2-1: Reference scenarios
	
	Transparent satellite
	Regenerative satellite

	GEO based non-terrestrial access network
	Scenario A
	Scenario B

	LEO based non-terrestrial access network:
steerable beams
	Scenario C1
	Scenario D1

	LEO based non-terrestrial access network:
the beams move with the satellite
	Scenario C2
	Scenario D2



Table 4.2-2: Reference scenario parameters
	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	Orbit type
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point 
	circular orbiting around the earth

	Altitude
	35,786 km
	600 km
1,200 km

	Spectrum (service link)
	<6 GHz (e.g. 2 GHz)
>6 GHz (e.g. DL 20 GHz, UL 30 GHz)

	Max channel bandwidth (service link)
	30 MHz for band < 6 GHz
400 MHz for band > 6 GHz

	Payload
	Scenario A : Transparent (including radio frequency function only)
Scenario B: regenerative (including all or part of RAN functions)
	Scenario C: Transparent (including radio frequency function only)
Scenario D: Regenerative (including all or part of RAN functions)

	Inter-Satellite link
	No
	Scenario C: No
Scenario D: Yes

	Earth-fixed beams
	Yes
	Scenario C1: Yes (steerable beams), see note 1
Scenario C2: No (the beams move with the satellite)
Scenario D 1: Yes (steerable beams), see note 1
Scenario D 2: No (the beams move with the satellite)

	Max beam foot print diameter at nadir
	500 km
	200 km

	Min Elevation angle for both sat-gateway and user equipment
	10° for service link and 5° for feeder link
	10° for service link and 5° for feeder link

	Max distance between satellite and user equipment at min elevation angle
	40,5816 km
	1,932 km (600 km altitude)
3,131 km (1,200 km altitude)

	Max Round Trip Delay (propagation delay only)
	Scenario A: 545.061.14 ms (service and feeder links)
Scenario B: 270.731.57 ms (service link only)
	Scenario C: (transparent payload: service and feeder links)
· 28.425.76 ms (600 km)
· 44.721.75 ms (1200 km)

Scenario D: (regenerative payload: service link only)
· 12.898 ms (600 km)
· 20.897 ms (1200 km)

	Max delay variation within a beam (earth fixed user equipment)
	16 ms
	4.44 ms (600 km)
6.44 ms (1200 km)

	Max differential delay within a beam
	1.6 ms
	0.65 ms (600km and 1200km)

	Max Doppler shift (earth fixed user equipment)
	0.93 ppm
	24 ppm (600 km)
21 ppm(1200 km) 

	Max Doppler shift variation (earth fixed user equipment)
	0.000 045 ppm/s 
	0.27 ppm/s (600 km)
0.13 ppm/s(1200 km)

	User equipment motion on the earth
	1000 km/h (e.g. aircraft)
	500 km/h (e.g. high speed train)
Possibly 1000 km/h (e.g. aircraft)

	User equipment antenna types
	Omnidirectional antenna (linear polarisation), assuming 0 dBi
Directive antenna (up to 60 cm equivalent aperture diameter in circular polarisation)

	User equipment Tx power
	Omnidirectional antenna: UE power class 3 with up to 200 mW
Directive antenna: up to 4 W

	User equipment Noise figure
	Omnidirectional antenna: 7 dB
Directive antenna: 1.2 dB

	Service link
	3GPP defined New Radio

	Feeder link
	3GPP or non-3GPP defined Radio interface
	3GPP or non-3GPP defined Radio interface


NOTE 1:	Each satellite has the capability to steer beams towards fixed points on earth using beamforming techniques. This is applicable for a period of time corresponding to the visibility time of the satellite.
NOTE 2:	Max delay variation within a beam (earth fixed user equipment) is calculated based on Min Elevation angle for both gateway and user equipment.
NOTE 3:	Max differential delay within a beam is calculated based on Max beam foot print diameter at nadir.
NOTE 4: Speed of light used for delay calculation is 299792458 m/s.
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[bookmark: _Toc530645504]7.1	Requirements and key issues 
[bookmark: _Toc530645505]7.1.1 	Delay
In order to reduce the standardization work, the table here below identifies the worst case NTN scenarios to be considered for the delay constraint.

Table 8.1-1: NTN scenarios versus delay constraints, Source [2]
	NTN scenarios
	A
	B
	C1
	C2
	D1
	D2

	
	GEO transparent payload
	GEO regenerative payload
	LEO transparent payload
	LEO regenerative payload

	Satellite altitude
	35 786 km
	600 km

	Relative speed of Satellite wrt earth
	negligible
	7.56 km per second

	Min elevation for both feeder and service links
	10° for service link and 5° for feeder

	Typical Min / Max NTN beam foot print diameter (note 1) 
	100 km / 1000 km
	50 km / 500 km

	Maximum Round Trip Delay on the radio interface between the gNB and the UE
	545.061.75 ms (Worst case)
	270.7357 ms
	28.421 ms
	12.898 ms

	Minimum Round Trip Delay on the radio interface between the gNB and the UE
	477.4814 ms
	238.7457 ms
	8 ms
	4 ms

	Maximum Delay variation as seen by the UE
(note 2)
	Negligible
	Up to +/- 40 µs/sec (Worst case)
	Up to +/- 20 µs/sec

	Maximum delay difference within a NTN beam as seen by the UE
(note 3)
	16 ms (Worst case)
	4.44 ms

	Max rate of hand-over (FFS)
	
	
	
	
	
	

	NOTE 1: The beam foot print diameter are indicative. The diameter depends on the orbit, earth latitude, antenna design and radio resource management strategy in a given system.
NOTE 2: The delay variation measures how fast the round trip delay (function of UE-satellite-NTN gateway distance) varies over time when the satellite moves towards/away from the UE. It is expressed in µs/s and is negligible for GEO scenario
NOTE 3: The delay difference compares the delay (function of UE-satellite-NTN gateway distance) experienced by two different UEs served by the same beam at a given time
NOTE 4: Speed of light used for delay calculation is 299792458 m/s.
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