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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
For NR NTN, potential impacts have been identified in TR 38.811 “Study on NR to support non-terrestrial networks”. Solutions are currently being investigated in RAN1 meeting and captured in TR 38.821 “Solutions on NR to support non-terrestrial networks”. For NTN, RAN1 TUs have been allocated starting from April 2019 to November 2019.
In RAN1#97 meeting, agreements on the following items are given in [1] 
· Satellite parameters for system level simulations
· UE characteristics for system level simulations
· Beam layout definition

There are two sets of satellite parameters agreed in [1]. In this contribution, we provide our views on beam layout definition for satellites with Set-1 and Set-2 parameters, and show our simulation results on SINR and DL throughput distribution.

Beam layout definition
[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Our beam layout is generated by the following procedure: 
1. Specify beam centers on UV plane 
2. Transform the uv beam centers to ECEF coordinates
3. The contour of a beam is defined by the 3dB beam width based on the satellite antenna pattern [2]
The ECEF coordinates is illustrated in Figure 1. A point in UV plane has an 1-to-1 correspondence to a point in ECEF coordinates. Specifically, the relation between UV plane and ECEF coordinates is described below.
[image: ]
Figure 1: ECEF coordinates
Let  be a point in ECEF coordinates which lies on the surface of Earth. Let , where R = 6371km is the radius of Earth, then the corresponding point  in the UV plane is given by
  and  .
Conversely, for any point  in UV plane, the corresponding point  in the ECEF coordinates is given by



Basically  corresponds to  as shown in Figure 1, the difference is that  and  are both shifted and scaled into the value range [0, 1].
We assume that the satellite is right above the point [6371, 0, 0] in ECEF. As such, the positions of the satellite in LEO-600 and LEO-1200 scenarios are [6371+600, 0, 0] and [6371+1200, 0, 0], respectively. Note that [0.5, 0.5] in UV plane corresponds to [6371, 0, 0] in ECEF.
Beam layout for Set-1 satellite parameters
For LEO-600 and LEO-1200 scenarios with Set-1 satellite parameters, the beam centers in UV plane is shown in Figure 2. Note that the center beam is located at [0.5, 0.5] and the adjacent beam spacing (ABS) is a constant in each scenario. For LEO-600 and LEO-1200, the ABS is set to 0.0013 and 0.0025, respectively.
[image: ]
                                          (a)                                                                                 (b)
Figure 2: beam centers on UV plane for Set-1; (a) LEO-600; (b) LEO-1200 
Central beam center elevation angle is set to be 90 degrees. The corresponding beam centers and beam layouts on ECEF are shown in Figure 3.
[image: ]
                                        (a)                                                                                 (b)
Figure 3: beam centers and beam layouts on ECEF for Set 1; (a) LEO-600; (b) LEO-1200 
Note that we form 61 beams (4-tiers) in total, but for simulation, UE are dropped only in central 19 beams. 
We have the following proposal:Proposal 1: Adopt the beam layout definition as shown in Figure 2-3 for LEO-600 and LEO-1200 scenario with Set-1 satellite parameters

Beam layout for Set-2 satellite parameters
For LEO-600 and LEO-1200 scenarios with Set-2 satellite parameters, the beam centers in UV plane is shown in Figure 4. Again, the center beam is located at [0.5, 0.5] and the ABS is a constant in each scenario. For LEO-600 and LEO-1200, the ABS is set to 0.0026 and 0.0052, respectively
[image: ]
(a)                                                                                 (b)
Figure 4: beam centers on UV plane for Set-2; (a) LEO-600; (b) LEO-1200 
Central beam center elevation angle is set to be 90 degrees. The corresponding beam centers and beam layouts on ECEF are shown in Figure 5.
[image: ]
(a)                                                                                 (b)
Figure 5: beam centers and beam layouts on ECEF for Set 2; (a) LEO-600; (b) LEO-1200 
We have the following proposal:Proposal 2: Adopt the beam layout definition as shown in Figure 4-5 for LEO-600 and LEO-1200 scenario with Set-2 satellite parameters


Simulation Results
Basically we follow the channel model in TR 38.811 and the settings in RAN1#97 agreements. Additional simulation settings that need to be specified are given in Appendix.
From SLS we obtain SINR distribution. For DL throughput distribution, we perform SLS + LLS simulation to obtain the results, i.e., for each UE we run LLS to simulate its DL data reception with channel information generated by SLS.
Simulation results for Set-1 satellite parameters 
For LEO-600 with Set-1 parameters, the SINR and throughput distribution are shown in the following Figure: 
[image: ]
Figure 6: SINR and throughput distribution for LEO-600 with Set-1 parameters
For LEO-1200 with Set-1 parameters, the SINR and throughput distribution are shown in the following Figure: 
[image: ]
Figure 7: SINR and throughput distribution for LEO-1200 with Set-1 parameters




We have the following statistics from the above simulation result:
	LEO-600 Set-1
	SINR (dB)
	Throughput (Mbps)

	Frequency reuse factor 1
	80%UE: -1.226
	Avg: 8.3
80%UE: 10.3 

	Frequency reuse factor 3
	80%UE: 5.884 
	Avg:  6.18
80%UE:  7.6


Table 1: SINR and throughput statistics for LEO-600 with Set-1 parameters
	LEO-1200 Set-1
	SINR (dB)
	Throughput (Mbps)

	Frequency reuse factor 1
	80%UE: -1.723
	Avg: 7.7
80%UE: 9.7 

	Frequency reuse factor 3
	80%UE: 5.536
	Avg:  6.01
80%UE:  7.11


Table 2: SINR and throughput statistics for LEO-1200 with Set-1 parameters
From the simulation results, we have the following observation:Observation 1: For LEO-600 with Set-1 parameters, for 80% percentile UE, we have 7.26dB SINR gain and 2.59 Mbps throughput drop by using frequency reuse factor 3 instead of using frequency reuse factor 1 deployment. This shows a trade-off between SINR and DL throughput performance. Similar results can be observed in LEO-1200 scenario


Simulation results for Set-2 satellite parameters
For LEO-600 with Set-2 parameters, the SINR and throughput distribution are shown in the following Figure: 
[image: ]
Figure 8: SINR and throughput distribution for LEO-600 with Set-2 parameters
For LEO-1200 with Set-2 parameters, the SINR and throughput distribution are shown in the following Figure: 
[image: ]
Figure 9: SINR and throughput distribution for LEO-1200 with Set-2 parameters
We have the following statistics from the above simulation results:
	LEO-600 Set-2
	SINR (dB)
	Throughput (Mbps)

	Frequency reuse factor 1
	80%UE: -2.608
	Avg: 5.82
80%UE: 7.017

	Frequency reuse factor 3
	80%UE: 1.709
	Avg:  3.7
80%UE:  4.362


Table 3: SINR and throughput statistics for LEO-600 with Set-2 parameters
	LEO-1200 Set-2
	SINR (dB)
	Throughput (Mbps)

	Frequency reuse factor 1
	80%UE: -2.641
	Avg: 5.78
80%UE: 7.017

	Frequency reuse factor 3
	80%UE: 1.757
	Avg:  3.68
80%UE:  4.261


Table 4: SINR and throughput statistics for LEO-1200 with Set-2 parameters
From the simulation results, we have the following observation:Observation 3: Frequency reuse factor 3 is more robust than frequency reuse factor 1. With frequency reuse factor 1, UEs with SINR ~- 3dB are unlikely to get much throughput due to poor synchronization, AFC, and channel estimation. In addition, such UEs may suffer high latency if many HARQ re-transmissions are required
Observation 2: For LEO-600 with Set-2 parameters, for 80% percentile UE, we have 4.4dB SINR gain and 2.76 Mbps throughput drop by using frequency reuse factor 3 instead of using frequency reuse factor 1 deployment. Similar results can be observed in LEO-1200 scenario

From system viewpoint, as many UEs as possible should work with an operational SINR ~4 dB  to avoid not able to get service with reasonable QoS. Thus, we make the following proposal:Proposal 3: Support frequency reuse factor 3 for NR-NTN performance evaluation and deployment. FFS frequency reuse factor 1




Conclusions
The observations and proposals are summarized below:
Proposal 1: Adopt the beam layout definition as shown in Figure 2-3 for LEO-600 and LEO-1200 scenario with Set-1 satellite parameters
Proposal 2: Adopt the beam layout definition as shown in Figure 4-5 for LEO-600 and LEO-1200 scenario with Set-2 satellite parameters
Observation 1: For LEO-600 with Set-1 parameters, for 80% percentile UE, we have 7.26dB SINR gain and 2.59 Mbps throughput drop by using frequency reuse factor 3 instead of using frequency reuse factor 1 deployment. This shows a trade-off between SINR and DL throughput performance. Similar results can be observed in LEO-1200 scenario
Observation 2: For LEO-600 with Set-2 parameters, for 80% percentile UE, we have 4.4dB SINR gain and 2.76 Mbps throughput drop by using frequency reuse factor 3 instead of using frequency reuse factor 1 deployment. results can be observed in LEO-1200 scenario
Observation 3: Frequency reuse factor 3 is more robust than frequency reuse factor 1. With frequency reuse factor 1, UEs with SINR ~- 3dB are unlikely to get much throughput due to  poor synchronization, AFC, and channel estimation. In addition, such UEs may suffer high latency if many HARQ re-transmissions are required
Proposal 3: Support frequency reuse factor 3 for NR-NTN performance evaluation and deployment. FFS frequency reuse factor 1
Reference
[1] Chairman's Notes RAN1#97
[2] TR 38.811 “Study on NR to support non-terrestrial networks”

Appendix
SLS simulation settings for LEO-600 and LEO-1200 
	Carrier frequency
	2GHz

	Subcarrier spacing
	15kHz

	DL bandwidth for each beam
	30 MHz for freq. reuse factor = 1
10 MHz for freq. reuse factor = 3

	Ionospheric scintillation
	Weak, S4 = 0.3

	Rx polarization loss 
	3dB

	Number of UEs per beam
	20 for LEO-600 Set-1
30 for LEO-600 Set-2, LEO-1200 Set-1, and LEO-1200 Set-2

	UE channel estimation
	Realistic MMSE
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