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Introduction
In this contribution we provide simulation results and related discussion to justify the performance gains of DL 64QAM support for the NTN Satellite Access Node operation in FR1.
[bookmark: _GoBack]DL Modulation quality
Based on the approved WF [1] for NR NTN in last RAN4 meeting, the following agreements were reached for Modulation quality (EVM).
· The current requirement can be reused for QPSK, 16 QAM in FR1.
· 256QAM is not supported by Satellite Access node in Rel-17.
· FFS for 64QAM 
For 64QAM, we did some simulations to justify the performance gain of support of DL 64QAM. Referring to the channel model for link level simulations in clause 6.9.2 from TR 38.811, the results of link level simulation are shown below under NTN-TDL-B and NTN-TDL-A.
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Figure 1 simulation result under NTN-TDL-B
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Figure 2 simulation result under NTN-TDL-A
Based on the simulation results, the normalized throughput of 64QAM MCS can reach 100% when the received SNR is higher than 12dB for NTN system.
Observation 1: Based on the simulation results, the normalized throughput of 64QAM MCS can reach 100% when the received SNR is higher than 12dB for NTN system.
Based on the NR-NTN calibration summary [2], we can get the coupling loss CDF figure for different scenario. And the coupling loss values at 60%-tile and 90%-tile are shown below.
	Scenarios
	LEO600-Rural
	LEO600-Urban
	LEO1200-Rural
	LEO1200-Urban

	Coupling loss 60%-tile Based on R4-2115628 (dB)
	126
	127
	131.5
	133

	Coupling loss 90%-tile Based on R4-2115628 (dB)
	127
	131
	133
	137



Based on the assumption about satellite Max Tx power and antenna gain, we can get the DL link level budget as below.
	Scenarios
	LEO600-Rural
	LEO600-Urban
	LEO1200-Rural
	LEO1200-Urban

	Satellite Max Tx power(dBm)
	46.81
	46.81
	52.81
	52.81

	Coupling loss 60%-tile Based on R4-2115628 (dB)
	126
	127
	131.5
	133

	Received power level at UE antenna connector(dBm)
	-79.19
	-80.19
	-78.69
	-80.19

	Noise Figure for NTN UE(dB)
	9
	9
	9
	9

	DL RB allocation
	100
	100
	100
	100

	SCS(MHz)
	0.015
	0.015
	0.015
	0.015

	10log10(kT) for dBm/Hz
	-174
	-174
	-174
	-174

	Thermal Noise
	-92.44
	-92.44
	-92.44
	-92.44

	SNR
	13.25
	12.25
	13.75
	12.25



	Scenarios
	LEO600-Rural
	LEO600-Urban
	LEO1200-Rural
	LEO1200-Urban

	Satellite Max Tx power(dBm)
	46.81
	46.81
	52.81
	52.81

	Coupling loss 90%-tile Based on R4-2115628 (dB)
	127
	131
	133
	137

	Received power level at UE antenna connector(dBm)
	-80.19
	-84.19
	-80.19
	-84.19

	Noise Figure for NTN UE(dB)
	9
	9
	9
	9

	DL RB allocation
	100
	100
	100
	100

	SCS(MHz)
	0.015
	0.015
	0.015
	0.015

	10log10(kT) for dBm/Hz
	-174
	-174
	-174
	-174

	Thermal Noise
	-92.44
	-92.44
	-92.44
	-92.44

	SNR
	12.25
	8.25
	12.25
	8.25


For coupling loss value at 60%-tile, SNR for all the LEO scenario are higher than 12dB.
For coupling loss value at 90%-tile, SNR for LEO600-Rural and LEO1200-Rural are higher than 12dB.
Observation 2: Based on the link level budget, the performance gain of support of DL 64QAM can be observed for some of the scenarios.
Proposal 1: DL 64QAM can be supported by satellite access node in FR1.
3 Summary
Based on the discussion, all the observations and proposals are listed below:
Proposal 1: DL 64QAM can be supported by satellite access node in FR1.
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