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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. The ubiquitous noise and limited power resources onboard non-terrestrial objects significantly influence the whole system design. 
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2 Discussion
This document identifies the specific constraints associated with Non-Terrestrial Network support in NR, where the NR radio interface will need to cope with regard to additional phase noise introduced by satellites. The multiplicative phase noise deteriorates a 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 BER determine the utilization of the phase shift keying modulation family. The best performance for lowest BER with lowest power requirements is granted by a system with a two-state phase shift keying (BPSK) modulation. Also multi-state phase shift keying (M-PSK) modulations such as QPSK and 8-PSK provide very good results [I]. 
The phase noise deteriorates the stability of all system oscillators and in time domain it can be expressed with help of phase fluctuations ψ(t). Their impact on the harmonic carrier can be described by the equation showing the complex envelope of the oscillator signal 
                                                                                                                   (1)
where O is the amplitude of oscillations. In other words, the equation describes a narrowband phase modulation of a carrier, where the modulating signal is represented by ψ(t). The signal defined in (1) is directly used in multiplications performing the modulation, the demodulation and mixings. The exact procedure for the phase noise modeling is described in [I, II].
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[bookmark: _Ref450906743]Figure 1. Way forward compromise PN PSD proposal according to some RAN1 WG #84bis PN PSD proposals [1]. 
Further evaluation of NR numerology and PN compensation methods is required with respect to a proper oscillator model and if phase noise by satellite only (as shown in DVB-S2X IG tables) is already higher as the phase noise assumptions in 3GPP, and if we compare the proposed phase noise proposal [3] with the Ka-Band 2012 reference mask, there is not much difference. 
[I]	Ondrej Baran, Miroslav Kasal, Tomas Urbanec, Petr Vagner,’’ Phase Noise Effects on Satellite Low-Rate Data Signals’’, 6th International Conference on Recent Advances in Space Technologies (RAST), Istanbul, 2013.
[II]	A. Ginesi, and S. Cioni,’’Phase Noise Model in Computer Simulations’’, European Space Agency, December 2013.
[III]	3GPP TR 38.913: "Study on Scenarios and Requirements for Next Generation Access Technologies (Release 14)".
[IV]	3GPP TS 38.211: ‘‘NR; Physical channels and modulation (Release 15)’’
3 [bookmark: _Toc484675174]Proposed text for discussion
It is proposed to add the following texts to TR 38.811 “Study on NR to support Non-Terrestrial Networks”, v0.3.0.
* * * Start of changes * * * * (new text)
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7 Potential key impact areas on NR due to phase noise
[bookmark: _Toc484675181]7.<X> Constraints associated to NTN for NR operation
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. 
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 [3]
	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) [3].
Table 3: Phase noise masks proposed for the DTH services 
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In conclusion we want to point out that phase noise is ubiquitous in Satellite communication systems. Integration of Non-terrestrial network in 3GPP NR will obviously impact the phase noise tolerance of NR. 
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. We envision future work on ICI effects due to PN and its subsequent cancellation techniques to be studied specially in NTN-NR. 
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