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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
This document considers NGSO constellation with altitude greater than 600 km altitude and update the TR 38.821 accordingly.

2. Discussion
The purpose of the adding sentence “The study results apply to GEO as well as NGSO with circular orbit at altitude greater than 600 km” is to ensure the NTN characteristics encompass MEO constellation. MEO scenarios feature characteristics are less challenging than GEO scenarios in terms of latency and than LEO scenarios for the doppler effects. Hence, if the normative work considers GEO and LEO scenarios, the 5G system will also be able to support MEO scenarios.

MEO characteristics are already as described in TR 38.811:

Table 5.3.2.1-1: Propagation delays for GEO satellite at 35786 km
	 
	 GEO at 35786 km

	Elevation angle
	Path
	D (km)
	Time (ms)

	UE :10°
	satellite - UE
	40586
	135.286

	GW : 5°
	satellite - gateway
	41126.6
	137.088

	90°
	satellite - UE
	35786
	119.286

	Bent Pipe satellite

	One way delay
	Gateway-satellite_UE
	81712.6
	272.375

	Round trip Time
	Twice
	163425.3
	544.751

	Regenerative Satellite

	One way delay
	Satellite -UE
	40586
	135.286

	Round Trip Time
	Satellite-UE-Satellite
	81172
	270.572




Table 5.3.4.1-1: Propagation delays for different NGSO satellites (altitude and payload types)
	 
	 
	LEO at 600 km
	LEO at 1500 km
	MEO at 10000 km

	Elevation angle
	Path
	Distance D (km)
	Delay (ms)
	Distance D (km)
	Delay (ms)
	Distance D (km)
	Delay (ms)

	UE: 10°
	satellite - UE
	1932.24
	6,440
	3647.5
	12,158
	14018.16
	46.727

	GW: 5°
	satellite - gateway
	2329.01
	7.763
	4101.6
	13.672
	14539.4
	48.464

	90°
	satellite - UE
	600
	2
	1500
	5
	10000
	33.333

	Bent pipe satellite

	One way delay
	Gateway-satellite_UE
	4261.2
	14.204
	7749.2
	25.83
	28557.6
	95.192

	Round Trip Delay
	Twice 
	8522.5
	28.408
	15498.4
	51.661
	57115.2
	190.38

	Regenerative satellite

	One way delay
	Satellite -UE
	1932.24
	6.44
	3647.5
	12.16
	14018.16
	46.73

	Round Trip Delay
	Satellite-UE-Satellite
	3864.48
	12.88
	7295
	24.32
	28036.32
	93.45



Observation 1: Propagation round trip delay (RTD) for bent pipe GEO satellite at 35786 km is about 545 ms, while a typical LEO system at 600 km has RTD of 28.4 ms. The RTD for MEO or any NGSO satellite with altitude above 600 km falls in the range from 28.4 ms to 545 ms. 



Table 5.3.2.2-1: Differential Delay for GEO satellite
	GEO at 35786 km

	
	Delta D (km)
	Delta Time (ms)

	Differential One-way delay between nadir and EOC paths
	4800
	16

	Percentage of the difference compared to maximum delay (bent pipe)
	
	5.9 %

	Percentage of the difference compared to maximum delay (regenerative satellite)
	
	11.9 %




Table 5.3.4.2-1: Differential Delay for LEO satellite 
	
	LEO 600 km
	LEO 1500 km
	MEO 10000 km

	
	Delta Distance
	Delta Delay 
	Delta Distance
	Delta Delay
	Delta Distance 
	Delta Delay

	Differential One-way delay between nadir and EOC paths
	1332.2 km
	4.44 ms
	2147.5 km
	7.158 ms
	4018.16 km
	13.4 ms

	Percentage of the maximum delay (bent pipe)
	
	31.26 %
	
	27.8 %
	
	14.1 %

	Percentage of the maximum delay (regenerative satellite)
	
	67 %
	
	58.9 %
	
	28.7 %



Observation 2: The Differential One-Way Delay between nadir and EOC paths for GEO satellite at 35786 km is 16 ms and for LEO satellite at 600 km is 4.44ms. For MEO or any NGSO satellite with altitude between LEO and GEO, the Differential One-Way Delay between nadir and EOC is in the range from 4.44ms to 16ms, therefore it is within the range of LEO and GEO.

Table 5.3.4.3.2-7: Summary of Doppler shift and shift variation for different altitudes
	Frequency (GHz)
	Max Doppler
	Relative Doppler
	Max Doppler shift variation
	

	2
	+/- 48 kHz
	0.0024 %
	- 544 Hz/s
	LEO at 600 km altitude

	20
	+/- 480 kHz
	0.0024 %
	-5.44 kHz/s
	

	30
	+/- 720 kHz
	0.0024 %
	-8.16 kHz/s
	

	2
	+/- 40 kHz
	0.002 %
	-180 Hz/s
	LEO at 1500 km altitude

	20
	+/- 400 kHz
	0.002 %
	-1.8 kHZ/s
	

	30
	+/- 600 kHz
	0.002 %
	-2.7 kHz/s
	

	2
	+/- 15 kHz
	0.00075 %
	-6 Hz/s
	MEO at 10000 km altitude

	20
	+/- 150 kHz
	0.00075 %
	-60 Hz/s
	

	30
	+/- 225 kHz
	0.00075 %
	-90 Hz/s
	



Observation 3: The Doppler shift and variation of MEO constellation or any NGSO satellite with altitude between LEO and GEO is smaller than that of for LEO constellation.


Table 7.3.3.1.1-1 gives an overview of the number of HARQ processes, based on different values (including the RTT) for different satellite constellations, LEO, MEO, and GEO
	constellation
	Max. 
	 processes for 1 ms slot operation
	UE side feasibility

	Terrestrial
	16ms
	16
	Feasible (Rel. 15)

	LEO
	50ms
	50
	Feasible (with HARQ extension)

	MEO
	180ms
	180
	FFS (impact on TBS/MCS)

	GEO/HEO
	600ms
	600
	FFS (impact on TBS/MCS)



Observation 4: The RTT for MEO is less than for GEO but greater than for LEO and hence it is FFS if HARQ can be used
3. Conclusion
Studies in TR 38.811 and solutions developed for GEO and LEO scenarios in TR 38.821 demonstrate that the doppler effect and latency for NGSO constellation (with altitude greater than 600 km) are less challenging than GEO scenarios in terms of latency and less challenging than LEO at 600 km scenarios for the doppler effects.

In this paper we propose to include in TR 38.821 “The study results apply to GEO scenarios as well as all NGSO scenarios with circular orbit at altitude greater than or equal to 600 km”.

Proposal 1: Add a sentence in the TR 38.821:

“The study results apply to GEO scenarios as well as all NGSO scenarios with circular orbit at altitude greater than or equal to 600 km”. 


4. Proposed Changes for TR 38.821

	*** Start of change***



[bookmark: _Toc20076284]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 capability (service link)
	30 MHz for band < 6 GHz
1 GHz 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/No (Both cases are possible.)

	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 size (edge to edge) regardless of the elevation angle
	3500 km (Note 5)
	1000 km

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

	Max distance between satellite and user equipment at min elevation angle
	40,581 km
	1,932 km (600 km altitude)
3,131 km (1,200 km altitude)

	Max Round Trip Delay (propagation delay only)
	Scenario A: 541.46 ms (service and feeder links)
Scenario B: 270.73 ms (service link only)
	Scenario C: (transparent payload: service and feeder links)
· 25.77 ms (600km)
· 41.77 ms (1200km)

Scenario D: (regenerative payload: service link only)
· 12.89 ms (600km)
· 20.89 ms (1200km)

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

	Max differential delay within a cell (Note 6)
	10.3 ms
	3.12 ms and 3.18 ms for respectively 600km and 1200km

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

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

	User equipment motion on the earth
	1200 km/h (e.g. aircraft)
	500 km/h (e.g. high speed train)
Possibly 1200 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 20 W

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

	Service link
	3GPP defined New Radio

	[bookmark: _GoBack]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.
NOTE 5: The Maximum beam foot print size for GEO is based on current state of the art GEO High Throughput systems, assuming either spot beams at the edge of coverage (low elevation).
NOTE 6: The maximum differential delay at cell level has been computed considering the one at beam level for largest beam size. It doesn’t preclude that cell may include more than one beam when beam size are small or medium size. However the cumulated differential delay of all beams within a cell will not exceed the maximum differential delay at cell level in the table above.

The NTN study results apply to GEO scenarios as well as all NGSO scenarios with circular orbit at altitude greater than or equal to 600 km



	*** End of change***



