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1 Introduction
The SI on “Study on Solutions for NR to Support Non-Terrestrial Networks” was approved in RAN#80 meeting [1] and further updated in RAN#82 meeting [2]. The RAN1 objectives have been reported below.
· 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]
In RAN1 #98 meeting, several parameters (from Table 6.1.2-1 to Table 6.1.2-3 in [4]) have been agreed for link-level simulations in NTN performance evaluation.
In this contribution, we provide the preliminary numerical results for the downlink and uplink link-level simulation for S-/Ka- band with GEO and LEO (600 km) systems, TDL/CDL channel models as described in [3], frequency offset and phase noise masks as in Table Y.6-Y.7 in [5] and section 6.1.9.5 in [6].
The numerical results are shown in terms of Block Error Rate (BLER) as a function of gross Es/N0.
2 [bookmark: historyclause][bookmark: _Toc383764588]NR downlink and uplink performance in NTN
In this document, the link-level configuration is based on parameters from [4]; in particular, we consider two scenarios, based on transparent satellite, and referred to as Scenario A and Scenario C2 in [4]. Scenario A assumes a GEO based non-terrestrial access network, while Scenario C2 refers to a LEO based non-terrestrial access network, where the beams move with the satellite. 
Specific references to each parameter considered in the following are reported in Table 1. Hereafter, we do not consider the nonlinearities introduced by the nonlinear satellite amplifier.
[bookmark: _Ref15805813]Table 1 - Link-level parameters for performance evaluation.
	Parameters
	Values

	Bandwidth
	19.8 MHz for S-band
400 MHz for Ka-band

	SCS
	[bookmark: _GoBack]15 kHz and 30 kHz for S-band
120 kHz for Ka-band

	Total # of DMRS
	1320 for SCS=15kHz, 2640 for SCS=30kHz
6576 for SCS=120kHz

	Total # of PTRS
	0

	Phase noise
	Table Y.6 from R1-1907481 (ESA) for S-band
Phase noise model from TR38.803 section 6.1.9.5 for Ka-band

	Frequency offset
	Residual frequency offset after synchronization: 0.1 ppm

	Doppler rate
	0.27 ppm/s for LEO at 600 km

	Channel type
	AWGN for scenario A
CDL-A and TDL-D from TR38.811 for scenario C2

	Channel estimation
	DMRS-based

	HARQ
	Disabled

	Modulation/code rates
	QPSK-1/4, QPSK-1/3, QPSK-1/2, 16QAM-1/2 for scenario A
16QAM-1/2 for scenario C2




3 Numerical results
3.1 GEO Case
In this section, we consider the BLER performance of Scenario A, for the downlink (PDSCH) and uplink (PUSCH) channel. In each figure, we include the curve of AWGN channel of the considered modulation and coding format for comparison purpose. 
Figures 1.1-1.4 considers the performance in S-Band for the two considered SCSs, for the four modulation and coding formats listed in Table 1. The performance are the same for the uplink and downlink channel. 
Figures 1.5-1.8 considers the performance in Ka-Band for the PDSCH and the PUSCH, for the four modulation and coding formats listed in Table 1.
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Figure 1.1 Scenario A, S-band, QPSK modulation with code rate 1/4.
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Figure 1.2 Scenario A, S-band, QPSK modulation with code rate 1/3.
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Figure 1.3 Scenario A, S-band, QPSK modulation with code rate 1/2.
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Figure 1.4 Scenario A, S-band, 16QAM modulation with code rate 1/2.
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Figure 1.5 Scenario A, Ka-band, QPSK modulation with code rate 1/4.
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Figure 1.6 Scenario A, Ka-band, QPSK modulation with code rate 1/3.
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Figure 1.7 Scenario A, Ka-band, QPSK modulation with code rate 1/2.

[image: ]
Figure 1.8 Scenario A, Ka-band, 16QAM modulation with code rate 1/2.

3.2 LEO
In this section, we consider the BLER performance for Scenario C2. We assume 16QAM modulation with code rate 1/2. In each figure, we include the curve of the AWGN channel for comparison purpose.
Figures 2.1 and 2.2 show the performance for S-Band for the CDL-A and TDL-D channels, respectively. The performance are the same for the uplink and the downlink channel. 
Figures 2.3 and 2.4 show the performance for Ka-band in the PDSCH and in the PUSCH for the CDL-A and TDL-D channels, respectively. 
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Figure 2 - 1. Scenario C2, CDL-A channel, S-Band

[image: ]
Figure 2 - 2. Scenario C2, TDL-D channel, S-Band
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Figure 2 - 3. Scenario C2, CDL-A channel, Ka-Band

[image: ]
Figure 2 - 4. Scenario C2, TDL-D channel, Ka-Band

4 Conclusions
This document reports a large set of preliminary link-level performance results for the downlink and uplink of different satellite orbits (GEO and LEO) with the assumption of phase noise, residual frequency offset and multipath channel models, and different combinations of modulations, code rates and reference symbols and signals configurations. In particular, for each configuration, the block error rate (BLER) are shown as a function of SNR.
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