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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 our accompany contribution [8], 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, 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
3.3.1 Discussions on satellite footprint and VSAT receive antenna properties
In the context of satellite communications, a satellite footprint is correlated to VSAT receive antenna properties. The footprint of a satellite describes its coverage and determines the dish diameter of the receive antenna. An example is shown in Fig. 1, which can be found in [5]. There are four footprints (A,B,C,D) in the area each with different coverage. Footprint A represents the smallest coverage area and the recommended dish size is 0.5m. As the coverage area increases from A to D, the recommended dish size grows from 0.5m to 0.6m, 0.65m, and 0.9m. This means that a receiver requires a larger antenna dish in order to maintain the reception link. Thus, in this regard, the footprint determines the dish size and a dish diameter of 0.5m can be a reasonable starting point.
[image: ]
Fig. 1. Example footprints [5]
Next, the antenna gain of a dish antenna can be computed as [6][7]
                                                     G[dB]=10log10η(πD/λ)2	                                              (1)
where η is the aperture efficiency (typical value 0.65 [7]), D is the dish diameter, and λ is the wavelength. Considering a typical footprint covering the size of Europe, we have the following proposal.
[bookmark: _Ref4415497]Proposal 4: The diameter of the VSAT receive antenna D is 0.65m, aperture efficiency ε is 0.55, and the VSAT receive antenna gain should be computed using (1).

3.3.2 Area of interest and UE distribution
[bookmark: _GoBack]Although the footprint of a satellite normally covers a massive area (size of Europe as shown in Fig. 1 or 42% of the earth for GEO), simulations should only be performed in a much smaller area. This is mainly because of two reasons. First, it is impractical to assume homogeneous UE distribution in a very large area and the simulation results will be coarse statistically. Second, a very large area will result in huge complexity.
[bookmark: _Ref4415502]Observation 1: Simulations performed in a very large area will yield coarse results and high complexity.
3.3.3 Fast fading model with VSAT receive antennas
When ideal beam tracking is assumed at the UE side, due to the high directivity of a VSAT receive antenna, it is reasonable to assume flat fading in the simulation. 
[bookmark: _Ref4415499]Proposal 5: Flat fading is assumed for VSAT UEs.

3.3.4 Some other RF parameters
ITU-R has listed certain RF parameters in [7] for a fixed satellite service (FSS) system with a carrier frequency around 20 GHz. These parameters can be starting points for 3GPP NTN simulations.
Table 1. RF parameters in [7]
	
	Clear sky
	Rain

	Satellite noise figure
	5.1 dB (650 K noise temperature [7] with reference temperature 290 K)
	5.1 dB

	Satellite G/T
	16.5
	16.5

	UE G/T
	18.6
	15.8


[bookmark: _Ref4416034]Proposal 6: Use parameters proposed in Table 1.

4 Conclusions
In this contribution, we have discussed link-level and system-level simulation details for NTN. We have the following proposals and observations.
Observation 1: Simulations performed in a very large area will yield coarse results and high complexity.
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 Doppler shift should be regarded as mandatory metrics.

Proposal 4: The diameter of the VSAT receive antenna D is 0.65m, aperture efficiency ε is 0.55, and the VSAT receive antenna gain should be computed using (1).

Proposal 5: Flat fading is assumed for VSAT UEs.

Proposal 6: Use parameters proposed in Table 1.
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