3GPP TSG RAN WG1 meeting #99					 	       R1-1912122
Reno, Nevada, USA, November 18 - 22, 2019

Agenda Item: 7.2.5.1
Source: MediaTek
Title: System level performance for NR-NTN phase 1 calibration
Document for:	Discussion and decision 

[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

In RAN1#98, the parameters regarding above items have been updated [2] and captured in TR 38.821 [3]. In addition, RAN1#98 has identified the following as phase 1 calibration cases

	Satellite orbit
	Satellite parameter set
	Central beam elevation
	Terminal
	Frequency Band
	Frequency reuse factor

	GEO
	Set 1
	45 deg
	VSAT
	Ka-band
	1

	GEO
	Set 1
	45 deg
	VSAT
	Ka-band
	3

	LEO-600
	Set 1
	90 deg
	VSAT
	Ka-band
	1

	LEO-600
	Set 1
	90 deg
	VSAT
	Ka-band
	3

	LEO-600
	Set 1
	90 deg
	Handheld
	S-band
	1

	LEO-600
	Set 1
	90 deg
	Handheld
	S-band
	3

	LEO-1200
	Set 1
	90 deg
	Handheld
	S-band
	1

	LEO-1200
	Set 1
	90 deg
	Handheld
	S-band
	3



Up to RAN1#98-bis, the simulation alignment between companies was not completed and further calibration is still needed.
In this contribution, we show our simulation results on SINR and DL throughput distribution for [LEO-600, S-band]. Detailed CDF numbers on SINR, SIR and coupling loss for [LEO-600, S-band] and [LEO-1200, S-band] are given in the companion excel sheet. 


[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Simulation Results
For calibration, the following additional settings have been agreed [2] for SLS simulation:
· Ionospheric scintillation loss = 0 (i.e., the UEs are located between 20 and 60 degrees of latitude)
· All UE-satellite links are in LOS channel condition
· For frequency reuse factor (FRF) = 1, two additional tiers beams are considered in the simulation for wrapping around the 19-beam layout
· For FRF > 1, four additional tiers beams are considered in the simulation for wrapping around the 19-beam layout
· Only the UEs in the inner-19 beams are considered
As such, for scenarios with frequency reuse factor (FRF) = 1, total 61 beams are formed. For scenarios with FRF = 3, total 127 beams are formed. 
From SLS we obtain SINR distribution. For DL throughput distribution, we perform SLS + LLS simulation to obtain the results. Specifically, for each UE, SLS generates SNR and channel information for serving and neighbour beams, which in turn are used as input to LLS for modelling data reception with interference. LLS settings are given in Appendix.
[bookmark: _GoBack]Since the SINR distributions of [LEO-1200, S-band] are very close to those of [LEO-600, S-band], in the following, we only show SINR and throughput distribution for [LEO-600, S-band]:
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Figure 1: SINR and throughput distribution for [LEO-600, S-band]
We have the following statistics for LEO-600:
	LEO-600 
	SINR (dB)
	Throughput (Mbps)

	FRF 1
	80%UE:  0.28
Avg: -1.089
	80%UE: 13.83  
20%UE 6.734
Avg: 10.32

	FRF 3
	80%UE:  8.304
Avg: 8.061
	80%UE:  11.88
20%UE: 11.88
Avg: 12.44


Table 1: SINR and throughput statistics for [LEO-600, S-band]
From the simulation results, we have the following observations:Observation 2: For [LEO-600, S-band], the DL throughput distribution of FRF = 1 has wider throughput range (roughly 4~18 Mbps) than that of FRF = 3 (roughly 10~14 Mbps). Considering the average DL throughput, beam deployment with FRF = 3 is 2.12 Mbps better than that of FRF = 1. Furthermore, FRF = 3 has the benefit that over 99% of UEs are expected to have throughput >= 10Mbps.
Observation 1: For [LEO-600, S-band], for 80% percentile UE, we have 8.024 dB SINR gain by using FRF = 3 instead of FRF = 1 deployment. In average, we have 9.15 dB SINR gain by using FRF = 3 in comparison with FRF = 1. 

We have the following proposal:Proposal 1: Capture the simulation results attached in the companion excel sheet (namely, cases 9,10,14,15 in the excel sheet) into TR 38.821 


Conclusions
The observations and proposals are summarized below:
Observation 1: For [LEO-600, S-band], for 80% percentile UE, we have 7.934 dB SINR gain by using FRF = 3 instead of FRF = 1 deployment. In average, we have 8.874 dB SINR gain by using FRF = 3 in comparison with FRF = 1. The SINR distributions for [LEO-1200, S-band] are very close to those in [LEO-600, S-band] case.
Observation 2: For [LEO-600, S-band], the DL throughput distribution of FRF = 1 has wider throughput range (roughly 4~18 Mbps) than that of FRF = 3 (roughly 10~14 Mbps). Considering the average DL throughput, beam deployment with FRF = 3 is 2.12 Mbps better than that of FRF = 1. Furthermore, FRF = 3 has the benefit that 99% of UEs are expected to have throughput >= 10Mbps.
Proposal 1: Capture the simulation results attached in the companion excel sheet (namely, cases 9,10,14,15 in the excel sheet) into TR 38.821
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Appendix
LLS simulation settings 
	Carrier frequency
	2GHz

	Subcarrier spacing
	15kHz

	DL bandwidth for each beam
	30 MHz for FRF = 1
10 MHz for FRF = 3

	UE speed
	3 km/hr

	UE antenna configuration
	1 Rx

	UE channel estimation
	Realistic MMSE
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