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Introduction
A RAN3-led Study Item on Rel-16 enhancements for NR-NTN was approved at RAN Plenary #80 [1]. The study item phase has identified solutions for the considered NR-NTN deployment scenarios [2, 3]. Solutions in the satellite and the UE will require adequate link budget and modelling of Doppler which are key aspects for evaluation of NR NTN. 
This contribution aims to discuss link budget and modelling of Doppler for satellite deployment.
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NR NTN Link budget C/N
The link budget for on access link can be calculated as follows:
C/N(dB)  = EIRP (dBW) +  G/T  –K   – Losses (dB) -10*log10(BW) 
Where
G/T = Ga – NF – 10*LOG (To+(Ta-To)/(100.1*NF))  (dBW)
where EIRP is effective isotropic radiated power (EIRP), G⁄T is the figure of merit. Ta is the ambient temperature, To is the reference temperature, and k is Boltzmann constant and equals to 1.23*10-23 or -228.6 dBW/K/Hz. The free space path loss is FSPL(d, Fc) = 32.45 + 20.log10(Fc)+20.log10(d) (dB). Assuming 30 MHz bandwidth in S band, 10*log10(BW) = = 34 dBW/MHz + 10*log10(30) = 48.77 dBW. We consider that the losses of the feeder link are negligible compare to the access link. The losses taken into account in the link budget consist of the polarisation loss / Antenna misalignment, the shadow loss margin, and the atmospheric loss are derived from [2]. Table 1 shows the link budget for the LEO Satellite deployment in S Band. In the example calculations, the UE velocity is 0 km/h (stationary use case).
	LEO 

	Link Parameters

	DL/UL
	Downlink
	Uplink

	Carrier frequency (GHz)
	2
	2

	Channel Bandwidth (MHz)
	30
	30

	Satellite altitude (km)
	600
	600

	SCS (kHz)
	15
	15

	Number of PRBs
	160
	160
	160
	160

	Elevation angle ()
	30
	90
	30
	90

	Distance between satellite and UE (km)
	1075.1
	1075.1
	1075.1
	1075.1

	Free space path loss (dB)
	159.1
	159.1
	159.1
	159.1

	Atmospheric loss (dB)
	1
	1
	1
	1

	Polarisation loss (dB)
	3
	3
	3
	3

	Shadowing margin (dB)
	2.9
	1.2
	2.9
	1.2

	Satellite Parameters

	EIRP per channel (dBW)
	48.77
	48.77
	-
	-

	Satellite Rx antenna Gain (dB)
	-
	-
	48.6
	48.6

	Rx antenna noise figure (dB)
	-
	-
	3
	3

	Satellite G/T (dB/K)
	-
	-
	11.2
	11.2

	Terminal Parameters

	Terminal type
	3GPP Class 3

	Terminal G/T (dB/K)
	-31.62
	-31.62
	-
	-

	Terminal antenna type
	Omnidirectional antenna (linear)

	Terminal receive antenna gain (dBi)
	0
	0
	-
	-

	Terminal noise figure (dB)
	9
	9
	
	

	Terminal ambient temperature (K)
	290
	290
	-
	-

	Terminal antenna temperature (K)
	290
	290
	-
	-

	Terminal transmit power (dBW)
	-
	-
	-7
	-7

	Link Budget

	C/N (dB)
	4.16
	14.93
	-7.80
	-1.03


Table 1 DL and UL Link budget for LEO=600 km

The data rates / spectrum efficiency achievable with these parameters are shown in Table 2. We used MCS Vs C/N tables from IMT2020 evaluation. The data rates achieved on the DL and UL are consistent with NR user experience data rate requirements of up to 2 Mbps on DL and up to 60 kbps on UL for extreme coverage. The activity factor and user density for extreme coverage are for further discussion in RAN2 [4, 5, 6]. 
	Elevation angle
	30 degrees
	90 degrees

	
UL
	C/N
	-7.80 dB
	[bookmark: _GoBack]-1.03 dB

	
	Data rates
	5.18 Mbps
	19.44 Mbps

	
	Spectrum efficiency
	0.37 bps/Hz
	1.18 bps/Hz

	
DL
	C/N
	4.16 dB
	14.93 dB

	
	Data rates
	38.88 Mbps
	116.64 Mbps

	
	Spectrum efficiency
	1.5 bps/Hz
	4.5 bps/Hz


Table 2: Data rates achievable for UL and DL with 30 MHz

Observation 1: The C/N range is consistent with NR Experience data rate requirements of up to 2 Mbps on DL and up to 60 kbps on UL for extreme coverage for extreme coverage, where activity factor and user density are for further discussion in RAN2.
Proposal 1: Link parameters, Satellite parameters, and terminal parameters illustrated in example below are considered for evaluation of NR-NTN.

Doppler Shift
In satellite system at low earth orbit, larger values for the Doppler shift and Doppler variation rate can be typically experienced due to the motion of the satellite. The max Doppler shift depends on the satellite orbit and elevation angle of the beam spot within the satellite cell. Table 1 shows Max Doppler shift as a function of the frequency and the satellite deployment. As an example, at an orbit of 600 km, the satellite moving speed is ~7.5622 km/s. The maximum Doppler shift for an earth fixed user equipment is 24 ppm as indicated in [3]. At a frequency of 2 GHz the max Doppler shift is 48 kHz (=24 ppm * 2 GHz).  
	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	Altitude
	35,786 km
	600 km
1,200 km

	Max distance between satellite and user equipment at min elevation angle
	40,586 km
	1,932 km (600 km altitude)
3,131 km (1,200 km altitude)

	Max beam foot print diameter at nadir
	500 km
	200 km

	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)



	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
	


Table 1: Summary of Doppler shift and shift variation for different altitudes [2]
Legacy satellite solution typically use pre-compensation to reduce the Doppler shift, where the satellite blindly compensates the Doppler shift relative to the beam centre where it can be assumed to be 0 Hz.  If pre-compensation is used, the Doppler shift at centre of the beam is 0 Hz and Doppler shift variation -544 Hz/s, the Doppler shift with a satellite moving beam is in range [-3.6 KHz, +3.6 KHz] assuming example of LEO=600 km and beam spot diameter 100 km. 
Observation 2: After satellite transmitter pre-compensation of Doppler relative to beam center, the Doppler at the beam centre can be assumed to be 0 Hz. 
Proposal 2: Satellite transmitter pre-compensate Doppler shift relative to the centre beam is assumption in link level performance evaluation.
Observation 3: Assuming LEO=600 km, a beam spot diameter of 100 km, frequency carrier 2 GHz, the Doppler shift with a moving beam is in range [-3.6 KHz, +3.6 KHz].
A typical UE implementation will track Doppler variation and Doppler discontinuity using an AFC algorithm. Assuming UE has GNSS capability and further assuming UE has knowledge of the satellite ephemeris, the UE can better determine when Doppler discontinuity can be expected and take it into account in AFC algorithm used to track the Doppler shift. Note that the satellite beam layout is not included in the satellite ephemeris. This makes prediction of the Doppler discontinuity not possible without further information in satellite ephemeris.  The AFC tracking loop can be simulated at link level to ensure reasonable SNR loss may be experienced at the UE due to the Doppler drift and the Doppler discontinuity. The performance of the AFC algorithms depends on proprietary implementations. It is however needed to consider the method used to simulate the Doppler drift variation for Link Level Simulator evaluation. The Doppler drift is changing through time because the satellite speed in relation to the UE is changing due to geometrical projections. However, the Doppler drift can be considered more or less constant over few seconds. It seems reasonable to assume the Doppler drift variation is constant as a function of time for LLS simulations, as the satellite moves at a constant speed around its orbit. 
Observation 4: A GNSS capable UE can use knowledge of the satellite ephemeris to better determine the Doppler discontinuity when re-selecting satellite beam.
Proposal 3: The Doppler drift due to the satellite motion is assumed to be constant as a function of time over several seconds in link level performance evaluation.

Conclusion
In this contribution, we discussed link budget and Doppler aspects for evaluation of NR-NTN. We made the following observations and proposals.
Observation 1: The C/N range is consistent with NR Experience data rate requirements of up to 2 Mbps on DL and up to 60 kbps on UL for extreme coverage for extreme coverage, where activity factor and user density are for further discussion in RAN2.
Proposal 1: Link parameters, Satellite parameters, and terminal parameters illustrated in example below are considered for evaluation of NR-NTN.
Observation 2: After satellite transmitter pre-compensation of Doppler relative to beam center, the Doppler at the beam centre can be assumed to be 0 Hz. 
Proposal 2: Satellite transmitter pre-compensate Doppler shift relative to the centre beam is assumption in link level performance evaluation.
Observation 3: Assuming LEO=600 km, a beam spot diameter of 100 km, frequency carrier 2 GHz, the Doppler shift with a moving beam is in range [-3.6 KHz, +3.6 KHz].
Observation 4: A GNSS capable UE can use knowledge of the satellite ephemeris to better determine the Doppler discontinuity when re-selecting satellite beam.
Proposal 3: The Doppler drift due to the satellite motion is assumed to be constant as a function of time over several seconds in link level performance evaluation.
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