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[bookmark: _Ref298777854]Introduction
A first Study Item “Study on NR to support non-terrestrial networks” was approved during the #80 meeting in La Jolla, with the following achievements
· Definition of deployment scenarios and related system parameters
· Adaptation of the 3GPP channel models for non-terrestrial networks 
· Identification of any key impact areas on the New Radio
A second Study Item “Study on solutions for NR to support non-terrestrial networks” was approved during the same meeting, where solutions will be investigated on the key issues identified in [1].
This contribution proposes performance evaluation parameters for this new Study Item. 
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Discussion
Section 7 of [1] highlights the design constraints specific to non-terrestrial networks compared to cellular systems and the potential features of NR that may require modifications. From a RAN1 perspective, the table below summarizes these constraints and features, and identifies the required simulation type (link- or system level).


Table 1: Non-terrestrial design constraints and potential NR feature modifications from a RAN1 perspective
	Non-terrestrial design constraint
	NR features that may require modifications
	Simulation type needed

	Specific propagation channel (high Doppler, satellite impairments in case of a transparent satellite)
	Reference signals
Preamble sequence
SCS
	Link-level 
· study of new pilot arrangement/SCS if needed
· related to initial access

	Power limited link budget

	Very low SNR MCS may be required 
	Link-level
· study of new MCS if needed

	Large differential delay due to large cell size
	Initial access procedure
	Link-level 
· related to initial access
System-level

	Large propagation delay
	Initial access procedure
HARQ procedure
Power control command
ACM
	Link-level 
· related to initial access
·  channel coding (to target low BLER)
System-level


	Specific spectrum
	Carrier numbering/pairing
Carrier bandwidth
Carrier aggregation method
	System-level





While RAN3 has provided reference scenarios, performance evaluation parameters need to be agreed at RAN1 level for both link-level and system-level simulations. 

Two reference scenarios are considered

· A scenario with transparent GEO satellite
· A scenario with a LEO constellation at 600km altitude



UE characteristics
For performance simulations, it is proposed to adopt the RF characteristics of UE described in Table 2. These characteristics are derived from [1] and [6].

[bookmark: _Ref521681872]Table 2: RF characteristics of UE
	
	Fixed or mounted on moving platforms
	Handheld for < 6GHz
	Handheld for > 6GHz

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

	Antenna type
	60 cm equivalent aperture diameter (circular polarisation)
	Co-phased array – Dual linear polarization as described in Table 1 of [6]
	Co-phased array – Dual linear polarization as described in Table 1 of [6]

	Polarisation 
	Circular
	Linear
	Linear

	Number of antenna elements
	1
	4
	32

	Number of antenna pannels
	N/A
	1
	2

	Antenna panel orientation (bearing angle, downtilt)
	N/A
	(0°, 0°)
	Panel 1: (0°, 0°)
Panel 2: (180°, 0°)

	Antenna panel configuration
	N/A
	(M, N, P) = (1, 2, 2)

Polarization: 0°, 90°
	M, N, P) = (2, 4, 2)
 
Polarization: 0°, 90°

	TXRU to element mapping
	N/A
	One TXRU per element
	One TXRU per panel per polarization

	Antenna element gain pattern
	Very directional
	Omni-directional
	See Table 2 of [6]

	Antenna element gain
	Tx: 43.2 dBi
Rx: 39.7 dB
	Tx and Rx: 0 dBi
	Tx and Rx: 5 dBi

	Noise figure
	1.2 dB
	7 dB
	10 dB



Satellite characteristics
Geo satellite

	Assumptions
	Value

	Altitude from ground 
	35789km

	Antenna pattern 
	As describe in clause 6.4.1 of TR38.811 with ka = TBD

	Min EIRP density at beam center
	TBD

	Phase noise 
	See Annex A.1



LEO satellite
	Assumptions
	Value

	Altitude from ground 
	600km

	Antenna pattern 
	As describe in clause 6.4.1 of TR38.811 with ka = TBD

	Min EIRP density at beam center
	TBD

	Phase noise
	See Annex A.1
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Link-level simulation assumptions
The metrics for link-level simulations given in Section 7.1.1 of [5] are considered. Other metrics are not precluded (e.g. required satellite power per useful transmitted bit).

Simulation assumption for evaluation of new pilot arrangement/SCS/MCS (if needed)
[bookmark: _Ref521509974]Table 3: Simulation assumptions for evaluation of new pilot arrangement/SCS/MCS
	Assumptions
	Value

	Carrier frequency 
	2/20 GHz

	Duplex 
	FDD/TDD 

	Waveform
	OFDM (Downlink)
OFDM /SC-FDMA (Uplink)

	System Bandwidth 
	30 MHz for < 6GHz
400 MHz for > 6GHz

	TTI length 
	1 ms as baseline 

	Subcarrier spacing 
	15kHz, 30kHz, 60kHz for  < 6GHz
60kHz, 120kHz  > 6GHz
Other SCS may also be considered if needed

	Guard time interval 
	Interval of normal CP as baseline 

	FFT size 
	e.g. 1024 for 15kHz subcarrier spacing 

	Data transmission bandwidth 
	FFS

	Antenna  configuration 
	1T1R as baseline 

	MIMO mode 
	N/A

	Rank per UE
	N/A

	MCS 
	QPSK 1/3 1/2 2/3
16-APSK 1/2 2/3
Other MCS for very low SNR may also be considered if needed

	Control Overhead 
	Zero 

	Channel estimation * 
	Realistic (Pilot pattern to be given)

	Channel Model ** 
	TDL from [1]


	Phase noise model
(only for >6GHz)
	As proposed in [2][3][4] depending on the considered UE type, see Annex A.1 for typical values

	Satellite power amplifier model (transparent scenarios only)
	As proposed in [2] for GEO, see Annex A.2
FFS for LEO 




Simulation assumption for evaluation related to initial access
Target requirements defined in Section 7.1.5 of [5] are considered as baseline, with an additional frequency offset coming from the satellite motion.
Table 4: Simulation assumptions for synchronization signals/channels
	Assumptions
	Value

	Carrier Frequency
	2GHz , 20GHz

	Channel Model
	TDL from [1]

	Subcarrier Spacing(s)
	As in Table 2

	SNR
	[-12dB -6dB 0dB]

	UE speed
	3 km/h 500 km/h  (mandatory)
 1000km/h (optional in LEO, mandatory in GEO)

	Search window
	As in [5], Table A.1.5-1

	Frequency Offset
	As in [5], Table A.1.5-1

	Doppler from satellite
	Worst case at 600km considering 10° as UE minimum elevation angle with beam center precompensation

	Number of interfering TRPs 
	0 TRP (TBC)



Simulation assumption for evaluation of channel coding
Simulation assumptions for eMBB from [5], Table A.1.3-1, are considered (or a subset to be defined).

System-level simulation assumptions 
In the following, the coordinate system is the one described in Section 6.3 of [1] (“Earth Centred Earth fixed”). 
LEO constellation at 600km
For some performance evaluations (e.g. HARQ performance evaluation), it is expected that the simulation of a single satellite may be sufficient.
Table 5: Simulation assumptions for LEO constellation at 600km
	Parameter
	Values

	Carrier frequency
	2GHz and 20GHz

	System Bandwidth 
	30 MHz for  < 6GHz
400 MHz for  > 6GHz

	Number of satellites
	1 or to be provided by each proponent

	Reference satellite initial position
	(6971,0,0)
Other values are not precluded

	Beam layout 
	Regular, as illustrated in Figure 1

	Number of beams per satellite
	To be provided by each proponent

	Beam size (diameter)
	200 and 500 km

	Channel Bandwidth
	10/30MHz for < 6GHz
400MHz for 

	UE orientation
	FFS

	Handover margin (for calibration)
	0dB

	UE distribution 
	100% outdoor
Uniform dropping, number of users per beam FFS

	UE attachment
	Geometric

	Traffic model
	FFS

	Traffic load
	FFS

	Fast fading channel
	Fast fading channel is not modelled
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[bookmark: _Ref521596965]Figure 1: Example of regular beam layout (The centre of Beam 1 lies on the intersection between the earth surface and the axis satellite - earth centre) 

As illustration, Table 4 gives the beam centre positions calculated from a given satellite position (6971,0,0) and the beam layout from Figure 1, assuming that the straight line from centre of beam 7 to the centre of beam 4 is parallel to the satellite direction. The distance between the centre of two neighboring beams is equal to 200km.
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Table 6: Example of satellite and beam positions
	Satellite
	(6971,0, 0)

	Beam 1
	(6371,0,0)

	Beam 2
	(6351,-433,-250)

	Beam 3
	(6351,-433,250)

	Beam 4
	(6351,0,500)

	Beam 5
	(6351,433,250)

	Beam 6
	(6351,433,-250)

	Beam 7
	(6351,0,-500)





0. Transparent GEO satellite
Table 7: Simulation assumptions for transparent GEO satellite
	Parameter
	Values

	Carrier frequency
	2GHz and 20GHz

	System Bandwidth 
	30 MHz for  < 6GHz
400 MHz for  > 6GHz

	Satellite orbit
	Geostationary orbit

	Number of satellites
	1

	Satellite position
	 (42157,0,0)

	Beam layout 
	Regular, as illustrated in Figure 1

	Number of beams per satellite
	To be provided by each proponent

	Beam size (diameter)
	500km

	Channel Bandwidth
	10/30MHz for < 6GHz
400MHz for 

	UE orientation
	FFS

	Handover margin (for calibration)
	0dB

	UE distribution 
	100% outdoor
Uniform dropping, number of users per beam FFS

	UE attachment
	Geometric

	Traffic model
	FFS

	Traffic load
	FFS

	Fast fading channel
	Fast fading channel is not modelled






Annex A.1: Phase noise models in Ka band from [2][3]
	
Table 8: Example of typical phase noise mask in Ka-band (from 3])
	Offset (Hz)
	SSB (dBc/Hz)

	
	Uplink
	Satellite
	Downlink

	10
	-42
	-33
	-42

	100
	-72
	-62
	-72

	1K
	-82
	-80
	-82

	10K
	-92
	-90
	-92

	100K
	-102
	-95
	-102

	1M
	-112
	-106
	-112

	10M
	-122
	-116
	-122

	50M
	-124
	-118
	-124



Annex A.2: Power amplifier model from [2]
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Figure 2: Power amplifier model from [2]
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