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Abstract
The objective of this document is to identify any key impact areas on the New Radio interface that may need further evaluations. 
The main issue of the discussion is to identify the impact on NR due to additional phase noise introduced by satellite payloads. The ubiquitous noise and limited power resources onboard non-terrestrial objects significantly influence the whole system design. 
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Phase Noise and PTRS Design
[bookmark: _Toc494837632]2.1	Problem statement
Phase noise, caused by oscillator implementation technology destroys the orthogonality of subcarriers in OFDM. This causes 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 [1, 2]. This further limits the maximum received SNR especially at higher carrier frequencies. The PN impact may be handled by using large subcarrier spacing and PN estimation and compensation at the receiver. 
One of the use cases of NTN could be that airborne/spaceborne vehicles might act as a relay and connected to the ground node via wireless backhaul using mmWave. It could also be envisioned to use Ka band (26.5 – 40.0 GHz) where for higher frequency use case scenarios, PTRS design issues might become important.  Due to extreme long distance between the transmitter and the receiver, modulation order tends to remain low. In this case, PTRS might even be not needed. But for eMBB over NTN, modulation order might not be low. Considering the speed of LEO satellites, CFO and Doppler might be worse in NTN and hence PTRS might become useful in those scenarios [3]. 

2.2	Assumptions
A number of DTH phase noise masks are proposed according to the band (Ku and Ka). The contributions from the hub (uplink), the satellite payload as well as the receiver (downlink) have been taken into account in [4].
	Offset (Hz)
	Uplink
	Satellite

	Downlink
	Total Equivalent

	100
	-72
	-62
	-25
	-25.00

	1K
	-82
	-80
	-50
	-50.00

	10K
	-92
	-90
	-73
	-73.00

	100K
	-102
	-95
	-93
	-92.25

	1M
	-112
	-106
	-103
	-102.49

	10M
	-122
	-116
	-114
	-113.23

	50M
	-124
	-118
	-117
	-115.89



Table 1: Phase noise masks proposed for the DTH services 
Profile ‘2012-Ka-DTH’ SSB (dBc/Hz)










	Offset (Hz)
	Uplink
	Satellite

	Downlink
	Total Equivalent

	100
	-72
	-62
	-28
	-28.00

	1K
	-82
	-81
	-53
	-53.00

	10K
	-92
	-91
	-76
	-76.00

	100K
	-102
	-100
	-96
	-95.57

	1M
	-112
	-110
	-106
	-105.57

	10M
	-122
	-120
	-117
	-116.35

	50M
	-124
	-121
	-120
	-118.74


Table 2: Phase noise masks proposed for the DTH services 
Profile ‘2012-Ku-DTH’ SSB (dBc/Hz) 

 








In order to limit the number of phase noise masks to be used, a proposal is to mandate the “Ka 2012” mask as first priority and the “Ku 2000” as second priority but only for symbol rates lower than 36Mbaud (which is most likely the highest conceivable symbol rate through a 36 MHz transponder – 40 MHz spacing) [4].
Table 3: Phase noise masks proposed for the DTH services 
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2.3	NR protocol impacts

Integration of Non-terrestrial network in 3GPP NR will obviously impact the phase noise tolerance of NR. The criteria used to evaluate the impact of phase noise on estimators are either the variance or the bit error degradation. The jitter due to thermal and phase noise at the output of carrier phase recovery algorithm is summation of both. As shown in [7], presence of phase noise introduces degradation on the estimator variance that too highlighted at higher SNR. Sensitivity to phase noise increases with the modulation order.    
We also want to point out that which subcarrier width is good enough for NTN should be further studied along with PN estimation and compensation techniques at the receiver.  Inter carrier interference and inter symbol interference due to Phase noise effects will be present and will differ than that agreed in 3GPP NR for higher frequencies > 1 MHz. As already stated in [5], we need future work on ICI effects due to PN and its subsequent cancellation techniques to be studied within this NTN-NR study item. 
As shown in [3, 6], NTN PN model is significantly different from NR PN model. Therefore, with this different PN model, PTRS might need to be re-designed for NTN. In such a case, the time and frequency density/pattern tables might need to be redesigned by taking the new PN model into consideration. New evaluations should be done to evaluate whether redesigning the threshold sets for both the time density table and the frequency density tables of PTRS are needed or not.
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