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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 this contribution, we provide some numerical results for downlink link-level simulation for S-/Ka- band with GEO and LEO (600 km) systems, AWGN and NTN-TDL channel models as described in [3], and residual frequency errors as in Table 6.1.2-3 in [4].
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 link level simulation assumptions
The link-level simulation assumptions have been extracted from Table 6.1.2-3 in [4].
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 and phase noise impairments. In practice, we have analysed the BLER performance for handheld reception in S-Band from a LEO at 600 km, and for VSAT in Ka-band from a GEO satellite.
[bookmark: _Ref15805813]Table 1 - Link-level parameters for downlink performance evaluation.
	Parameters
	Values

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

	SCS
	15 kHz for S-band
120 kHz for Ka-band

	Total # of RBs / REs
	52 RBs for S-Band (total data REs = 7488)
264 RBs for Ka-band (total data REs = 38106)

	Total # of DMRS
	DM-RS on, using type-A and additional symbol=3 (i.e., 24 per RB)
1248 tones for S-Band / 6336 tones for Ka-band

	Total # of PTRS
	0 (not inserted)

	Frequency offset
	Residual frequency offset after synchronization: 0.1 ppm

	Doppler rate
	0.27 ppm/s only for LEO at 600 km

	Channel type
	NTN-TDL-B and D for S-Band (LEO case at 600 km), assuming 50 degrees elevation, terminal speed equal to 3km/h, and delay spread equal to 2 or 200 ns
AWGN for Ka-band (GEO case)

	Channel estimation
	DMRS-based

	HARQ
	Disabled

	Modulation/code rates
	QPSK-1/2 and 16QAM-1/2

	LDPC decoding algorithm
	Layered belief propagation with a maximum of 50 iterations



3 Numerical results
Based on the previously listed parameters, in the following the PDSCH BLER performance has been reported for GEO case (AWGN channel) and for LEO case (NTN-TDL D and B).
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Figure 1: PDSCH BLER performance in AWGN for VSAT Ka-band scenario.
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Figure 2: PDSCH BLER performance in NTN-TDL-D channel (50°, delay spread = 200 ns, and 3km/h) for handheld S-band scenario.
[image: ]
Figure 3: NTN-TDL-D BLER performance as a function of the delay spread (2 ns and 200 ns). For completeness, the impact of ideal channel estimation and the frequency recovery performance has been separately evaluated.
[bookmark: _GoBack][image: ]
Figure 4: PDSCH BLER performance in NTN-TDL-B channel (50°, delay spread = 200 ns, and 3km/h) for handheld S-band scenario. 


4 Conclusions
This document reports several downlink link-level performance results for different satellite orbits (GEO and LEO) and for different channel model assumptions (AWGN in Ka-band and NTN-TDL B/D in S-Band).
The purpose is to align link-level simulations with other companies in the context of the NTN study item.

Proposal 1: Consider the reported BLER performance for the inclusion in the calibration exercise among all companies.
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