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[bookmark: _Toc484675172]1 Abstract
The objective of this document is to propose a text for the 7th clause “Potential key impact areas on NR to support NTN” of the TR 38.811 “Study on NR to support Non-Terrestrial Networks”. The main issue of the text proposal is to identify the impact on NR due to additional phase noise introduced by satellite payloads. 
[bookmark: _Toc484675173]2 Discussion
This document identifies the specific constraints associated with Non-Terrestrial Network (NTN) support in NR, where the NR radio interface will need to cope with regard to additional phase noise (PN) introduced by satellites. The multiplicative phase noise deteriorates frequency stability of harmonic oscillators, which are situated in a transmitter as well as in a receiver of the satellite system. Here, power restrictions and demands on the bit error rate (BER) determine the utilization of the phase shift keying (PSK) modulation family. The best performance for lowest BER with lowest power requirements is granted by a system with a binary PSK (BPSK) modulation. Also M-ary PSK (M-PSK) modulations such as quadrature PSK (QPSK) and 8-PSK provide very good results [1, 2]. 
Phase noise, caused by oscillator implementation technology destroys the orthogonality of subcarriers in OFDM. This causes a common phase error (CPE), causing a constant rotation angle of the modulation constellation, and inter-carrier interference (ICI), and causing scattering of the constellation points in OFDM based systems [3, 4]. This further limits the maximum received signal-to-noise ratio (SNR) especially at higher carrier frequencies. The PN impact may be handled by using a larger subcarrier spacing and PN estimation and compensation at the receiver. 
Observation 1: Due to the phase noise being pervasive in satellite communication systems, the integration of NTN in 3GPP NR will obviously affect the phase noise tolerance of NR.

In 3GPP RAN1#92 Athens, it was agreed that the very small aperture terminal (VSAT) professional market is the most appropriate source to determine the phase noise requirements, since direct-to-home (DTH) applications shall utilize low cost terminals. The phase noise masks according to DVB-SX2 guidelines [7] are shown in Table 1.
Table 1: Single sideband (SSB) phase noise masks for outbound VSAT services.
	Masks
	10 Hz 
	100 Hz
	1 kHz
	10 kHz
	100 kHz
	1 MHz
	10 MHz
	≥ 50 MHz

	P1 mask
SSB dBc/Hz
	-27
	-45
	-65
	-75
	-89
	-102
	-112
	-112

	P2 mask
SSB dBc/Hz
	-32.93
	-61.96
	-78.73
	-88.73
	-94.83
	-105.74
	-115.74
	-117.74



Where, P1 and P2 denote the priority 1 and priority 2 masks. Figure 1 below shows the phase noise power spectral density (PSD) as proposed at RAN1#84bis in [5]. 
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Since the NTN phase noise model significantly differs from the NR phase noise model (compare between Table 1 and Fig. 1), the phase-tracking reference signal (PTRS) might need to be redesigned in order to integrate NTN into 5G NR. As explained in [8], to have eMBB supported in NTN, the modulation order will not always be low, and with higher speed of airborne vehicles, CFO and Doppler spread might be worse in NTN; and there PTRS could be useful in such cases where CFO and Doppler compensation becomes important as CPE compensation.
Observation 2:  Since the NTN phase noise model significantly differs from the NR phase noise model, the phase-tracking reference signal (PTRS) might need to be redesigned in order to integrate NTN into 5G NR.
Proposal 1: The subcarrier spacing most suitable for NTN should be further studied along with PN estimation and compensation techniques at the receiver.
Proposal 2: Future work on ICI due to PN and its subsequent cancellation techniques should be further studied. Performance simulations should be performed with in the next study item on NTN.
3 Conclusion
Observation 1: Due to the phase noise being pervasive in satellite communication systems, the integration of NTN in 3GPP NR will obviously affect the phase noise tolerance of NR.
Observation 2:  Since the NTN phase noise model significantly differs from the NR phase noise model, the phase-tracking reference signal (PTRS) might need to be redesigned in order to integrate NTN into 5G NR.
Proposal 1: The subcarrier spacing most suitable for NTN should be further studied along with PN estimation and compensation techniques at the receiver.
Proposal 2: Future work on ICI due to PN and its subsequent cancellation techniques should be further studied. Performance simulations should be performed with in the next study item on NTN. 
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