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1. Introduction
New radio (NR) targets a wide range of use cases in 5G. The application of a high altitude platform station (HAPS) and satellite nodes in NR can be important components of 5G. The deployment of non-terrestrial networks (NTNs) is highly different from that of terrestrial networks, which can cause impacts on standard specifications. A study item “Solutions for NR to support Non Terrestrial Network” has been approved [1], and the objectives are as follows.
Physical layer
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]
NTN is particularly essential when long-range connectivity in underserved areas and communication links in emergency and disasters are required [2]. Due to different propagation nature of NTN links compared to ordinary new radio (NR) links, it can be expected that the design of NTN has new considerations. TR 38.811 [3] has summarized potential impacts of NTN on the current NR system. To assist the design of NTN, evaluations via simulations need to be performed. As the NTN SI proceeds, more details are to be confirmed. This contribution is addressing these considerations on link-level and system-level simulations for NTN.

2. Discussion for link-level simulation
2.1 LLS for synchronization performance
In [4], the necessity of studying the synchronization performance using NR Rel-15 synchronization framework is discussed, including the synchronization procedure and physical layer signals/channels e.g. SS/PBCH blocks. 
In this contribution, a discussion on the evaluation assumptions for link-level simulation on synchronization performance is made, and the purpose of this discussion is to trigger the coordination work on the evaluation effort in the study item phase. The following table, similar to the one utilized for NR Rel-15 evaluation, can be used as a starting point for determining the set of parameters for link-level simulation. 

Proposal 1: Use the following table as a starting point for link-level simulation evaluation for synchronization performance. 

	 
	FR1
	FR2

	Carrier Frequency
	2 GHz
	20 GHz

	Channel Model
	As in TR 38.811 [3]

	Subcarrier Spacing(s)
	15 kHz
	120 kHz

	SNR Range
	> -6 dB
	> -6 dB

	Number of Antenna
	1TX, 1RX
	1TX, 1RX

	Moving Speed
	GEO: 0km/s, LEO: 8 km/s
	GEO: 0km/s, LEO: 8 km/s

	Interference model
	Scenario 1: no interference
	Scenario 1: no interference

	Initial Frequency Offset

	TX: Uniform within [-0.05, 0.05] ppm 
RX: Uniform within [-5, 5] ppm 


 
3. Discussion for system-level simulation
3.1 Overall discussions
To confine the efforts on performance evaluation, RAN1 should only consider a small number of essential and prioritized scenarios, with a limited set of parameters. For a complex system like NTN, scenarios, frequency bands, and parameter options construct a massive number of simulation cases. Elevation angle values, for instance, have nine difference options, which can be found in [3]. Each elevation angle value corresponds to a unique set of parameters for each scenario. This highly complicates the performance comparison process. As a result, it is important to further reduce the number of simulation cases by considering a typical set of scenarios and parameters.

[bookmark: _Ref4415490]Proposal 2: Reduce the number of simulation cases by considering a typical set of scenarios and parameters.
3.2  Metrics to evaluate
[bookmark: _Ref520971576]Metrics to evaluate should involve quantities which have high impact to system design, while keeping the number of metrics minimum.

Coupling loss and geometry SINR are the two metrics highly related to link budget and long-term performance of the system. Also, they closely impact NR features such as handover and power control. Therefore, it is mandatory to consider these two metrics. Another important metric for NTN is the round-trip time (RTT), due to its long propagation delay. The behaviour of RTT can significantly influence the design of TA adjustment, RACH procedures, and synchronization procedures. Hence, of RTT should be regarded as mandatory as well. Characteristics of Doppler shift play an important role in the design of high-speed systems, which impact the design of reference signal densities and measurement report periods. Considering that pre-compensation can be employed, residual Doppler shift should at least be considered.  

[bookmark: _Ref4415491]Proposal 3: The number of metrics to evaluate should be minimized to reduce efforts. Coupling loss, geometry SINR, RTT and residual Doppler shift should be regarded as mandatory metrics. 
3.3  Simulation assumptions
[bookmark: _Ref4416034]Currently, RAN1 is looking for system level simulation assumptions for Scenario A (GEO – transparent), Scenario C2 (LEO – transparent – moving beams), and Scenario D2 (LEO – regenerative – moving beams). Following the email discussion, we propose the following parameters for these scenarios, which are based on existing ITU-R documents and reasonable assumptions.
Table 1: System Level Simulation parameters for configuration scenario A
	[bookmark: _Hlk5815179]Configuration scenario
	A (GEO – transparent) (Note 1)

	Frequency band
	<6 GHz (e.g. S-band 2 GHz)
>6 GHz (e.g. Ka-band DL 20 GHz, UL 30 GHz)

	Maximum Bandwidth per beam (DL + UL)
	S-Band: 10 MHz
Ka band: 100 MHz

	Satellite characteristics (G/T, EIRP density, antenna diameter)
	Table A

	Satellite antenna pattern
	TR 38.811v15.0.0 section 6.4.1 Bessel function

	Satellite polarization configuration
	Linear polarization

	Beam layout
	Hexagonal beam layout.

	Number of beams
	57

	Frequency re-use factor
	1/4 [5]

	Deployment scenarios
	Base-line: Rural
Additional deployment scenario results can be provided

	UEs outdoor/indoor distribution
	100% outdoor distribution for UEs

	UEs coverage distribution
	X=10 UEs per beam with uniform distribution in all the beams should be considered for NTN evaluation. 

	UE configuration
	S-band:
· Handheld
Ka-band:
· VSAT

	UE orientation
	VSAT: Ideal Tracking serving beam;
Handheld: Random

	UE antenna and polarization configurations
	S-band:
· Handheld (optional): omni-directional antenna with 0dBi [6] , linear polarization 
Ka-band:
· VSAT: Ka band: dish antenna with radius 0.74m [5], linear polarization

	UE EIRP, noise figure, antenna temperature, G/T
	S-band:
· Handheld (optional): EIRP: -3 dBW [6], noise figure: 5dB, antenna temperature 225K, G/T –24.6 dB/K [6]
Ka-band:
· VSAT: EIRP: 42.6 dBW [5], noise figure: 5dB, antenna temperature 225K [5], G/T 18.6 dB/K [5]

	Handover Margin
	0dB

	UE attachment
	RSRP

	Metrics for calibration
	Base line: Coupling loss, Geometry
Optional: RTT and Doppler shift.



Table 2: System Level Simulation parameters for configuration scenarios C2/D2
	Configuration scenario
	C2 (LEO – transparent – moving beams) (Note 1) / D2 (LEO – regenerative – moving beams)

	Frequency - Band
	<6 GHz (e.g. S-band 2 GHz)
>6 GHz (e.g. Ka-band DL 20 GHz, UL 30 GHz)

	Maximum Bandwidth per beam (DL + UL)
	S-band: 10 MHz
Ka band: 100 MHz

	Satellite characteristics (G/T, EIRP density, antenna diameter)
	Table A

	Satellite antenna pattern
	TR 38.811v15.0.0 section 6.4.1 Bessel function

	Satellite polarization configuration
	Linear polarization

	Beam layout
	Hexagonal beam layout.

	Number of beams
	48

	Frequency re-use factor
	1/4

	Deployment scenarios
	Base-line: Rural
Additional deployment scenario results can be provided

	UEs outdoor/indoor distribution
	100% outdoor distribution for UEs

	UEs coverage distribution
	X=10 UEs per beam with uniform distribution in all the beams should be considered for NTN evaluation. 

	UE configuration
	S-band:
· Handheld: omni-directional antenna with 0dBi, linear polarization 
Ka-band:
· VSAT: dish antenna with radius 0.74m [5], linear polarization

	UE orientation
	VSAT: Ideal Tracking serving beam;
Handheld: Random

	UE antenna and polarization configurations
	S-band:
· Handheld (optional): omni-directional antenna with 0dBi [6] , linear polarization 
Ka-band:
· VSAT: Ka band: dish antenna with radius 0.74m [5], linear polarization

	UE EIRP, noise figure, antenna temperature, G/T
	S-band:
· Handheld (optional): EIRP: -3 dBW [6], noise figure: 5dB, antenna temperature 225K, G/T –24.6 dB/K [6].
Ka-band:
· VSAT: EIRP: 42.6 dBW [5], noise figure: 5dB, antenna temperature 225K [5], G/T 18.6 dB/K [5]

	Handover Margin
	0dB

	UE attachment
	RSRP

	Metrics for calibration
	Base line: Coupling loss, Geometry
Optional: RTT and Doppler shift.



Proposal 4: Use Table 1 and Table 2 for system level simulation. 

3.4 Additional settings
A number of additional settings were discussed via emails. We are recapping our views as below. 
	System bandwidth
	S-band {UL:10MHz, DL:10MHz}, Ka-band {UL:100MHz, DL:100MHz}

	Number of beams
	Scenario A {57 fixed spot beams} (State-of-the-art: Inmarsat I-5F4, 89 fixed spot beams and 6 steerable beams)
Scenario C2/D2 {48 spot beams} (State-of-the-art: Iridium, 48 spot beams)

	Beam layout
	‘Constant inter-beam distance on the ground’ can be used. c.f. ITU-R S.2361
[image: ]

	Number of UEs per beam
	X=10, no preference on additional values

	UE configurations
	Refer to Table 1 and Table 2

	UE orientation for others
	No preference

	Handover margin
	0dB

	UE attachment
	RSRP

	Satellite characteristics (e.g G/T, EIRP density, antenna diameter)
	No preference. However, as this a second set of parameters, it should be optional.

	Satellite polarization antenna configuration
	Linear polarization

	Multi-satellite simulation
	No preferred. We should not consider multi-satellite simulations for simplicity

	Metrics for calibration
	Round trip time and Doppler shift as optional metrics.




4 Conclusions
In this contribution, we have discussed link-level and system-level simulation details for NTN. We have the following proposals and observations
Proposal 1: Use the following table as a starting point for link-level simulation evaluation for synchronization performance. 

	 
	FR1
	FR2

	Carrier Frequency
	2 GHz
	20 GHz

	Channel Model
	As in TR 38.811 [3]

	Subcarrier Spacing(s)
	15 kHz
	120 kHz

	SNR Range
	> -6 dB
	> -6 dB

	Number of Antenna
	1TX, 1RX
	1TX, 1RX

	Moving Speed
	GEO: 0km/s, LEO: 8 km/s
	GEO: 0km/s, LEO: 8 km/s

	Interference model
	Scenario 1: no interference
	Scenario 1: no interference

	Initial Frequency Offset

	TX: Uniform within [-0.05, 0.05] ppm 
RX: Uniform within [-5, 5] ppm 



Proposal 2: Reduce the number of simulation cases by considering a typical set of scenarios and parameters.

Proposal 3: The number of metrics to evaluate should be minimized to reduce efforts. Coupling loss, geometry SINR, RTT and residual Doppler shift should be regarded as mandatory metrics.

Proposal 4: Use Table 1 and Table 2 for system level simulation. 
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6 Appendix
Table A: Set 1 of satellite parameters and payload characteristics for downlink transmissions and uplink receptions
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35’786 km
	1’200 km
	600 km

	Equivalent satellite antenna aperture (Note1)
	S-band
	22 m
	2 m
	2 m

	Satellite EIRP density
	
	59 dBW/MHz
	40 dBW/MHz
	34 dBW/MHz

	G/T
	
	19 dB K-1
	11.2 dB K-1
	11.2 dB K-1

	Satellite beam diameter
	
	300 km
	150 km
	70 km

	Equivalent satellite antenna aperture (Note1)
	Ka-band
	5 m
	0.5 m
	0.5 m

	Satellite EIRP
	
	40 dBW/MHz
	10 dBW/MHz
	4 dBW/MHz

	G/T
	
	22 dB K-1
	13 dB K-1
	13 dB K-1

	Satellite beam diameter
	
	130 km
	40 km
	20 km

	Note 1: This value is equivalent to the antenna diameter to be used in Sec. 6.4.1 of TR38.811v15.0.0.
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