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Introduction
A key aspect of the study item on NR to support Non-terrestrial networks (NTN) [1] is to identify potential impact areas that may necessitate the need to consider redesign of certain aspects of the NR specifications. One such area of consideration is reference signal design and the need to study whether the existing reference signal design in NR can support NTN operation or whether a modification or redesign of the existing reference signal design is needed. In this contribution, we focus on phase-tracking reference signal (PTRS) which has been introduced in NR in order to enable compensation of oscillator phase noise (PN). We will touch upon the current state of PTRS design in NR, before discussing PN model differences between terrestrial and non-terrestrial network deployment scenarios. We then present some simulation results that aim to provide insight into the impact of potential PN models for NTN on current PTRS design in NR, providing a conclusion based on these results.

PTRS in NR 
In NR, phase shift can be caused by carrier frequency offset (CFO), Doppler shift, oscillator PN, etc. PN was not a high impact factor for LTE, since the carrier frequencies under consideration where sub 6 GHz. NR, however, considers operation at much higher carrier frequencies (e.g. mmW bands), and PN can severely impact the receiver performance if not compensated for. For OFDM, the two main degradations of phase noise are common phase error (CPE), and inter-carrier interference (ICI). CPE causes an identical phase rotation of all subcarriers. PTRS can be utilized to mitigate the phase noise; this is done by estimating the phase shift by tracking via PTRS, this estimated phase shift is then used to correct the phase of the received symbols.
As mentioned, the phase rotation that results due to CPE is identical for all subcarriers within an OFDM symbol. At the same time, there is a low correlation of PN across different OFDM symbols. NR PTRS design takes into account these considerations by allowing for high density of PTRS resources in time domain, and lower density in the frequency domain. For the time domain, when enabled, PTRS time densities of every symbol, every other symbol, or every other fourth symbol are configurable. In the frequency domain, a frequency density of one PTRS resource every other PRB or every other fourth PRB are configurable. Additionally, the time and the frequency densities of PTRS can be selected based on carrier frequency, subcarrier spacing, scheduling bandwidth, and modulation and coding scheme. Specifically, the time domain density is configured based on scheduled MCS, whereas the frequency domain density is configurable on the basis of scheduled UE bandwidth. Additional details regarding configuration of PTRS in NR can be found in [2].

Phase noise model for NTN 
One of the determining factors that impacts the ability of PTRS to mitigate PN is the choice of the PN model itself, as the characteristics of the PN can determine the effectiveness of PTRS in correcting PN related degradations. Several PN models were proposed in NR when considering PTRS design, some of which can be found in [3].
Given the importance of the PN model, when considering PTRS design for NTN, it is important to first consider the PN model(s) that may be considered for the NTN scenario. Three PN masks measured on the satellite equipment, have been proposed in recent offline email discussions. They are shown in Table 1 to Table 3.
Table 1: PN masks (on-board of the satellite) for Scenario C-band -> S-band
	Frequency 
	10 Hz
	100 Hz
	1 kHz 
	10 kHz 
	100 kHz 
	1 MHz 
	10 MHz 
	100 MHz

	Value (dBc/Hz)
	-74
	-86
	-96
	-102
	-106
	-124
	-145
	-154



Table 2: PN masks (on-board of the satellite) for Scenario Ka-band -> S-band
	Frequency
	10 Hz
	100 Hz
	1 kHz 
	10 kHz 
	100 kHz 
	1 MHz 
	10 MHz 
	100 MHz

	Value (dBc/Hz)
	-59
	-71
	-85
	-89
	-91
	-109
	-129
	-141



Table 3: PN masks (on-board of the satellite) for Scenario Ka-band -> Ka-band
	Frequency (freq)
	10 Hz – 100 Hz
	100 Hz – 32 kHz
	32 kHz – 1 MHz
	10 MHz 
	100 MHz 

	Value (dBc/Hz)
	-10 - 30*
	-50 - 10*
	-95
	-106
	-116



The three PN masks and an NR PN model at 30 GHz are shown in Fig. 1 below.
[image: ]
Fig. 1. PSD of NTN and NR PN models

3.1 PTRS in NR and impact of NTN PN model    
In order to evaluate the effectiveness of PTRS in estimating and correcting PN related degradation effects, one needs to evaluate the performance of various PTRS configurations (e.g., different time-frequency densities) under the various PN masks considered for NTN, by evaluating their effectiveness in estimating and correcting the phase shift for the OFDM symbols.
For the purpose of this simulation we focus on DL, evaluating the performance of PTRS in estimating and compensating for CPE for CP-OFDM. We use the NTN PN masks provided in Table 3 at the transmitter and the NR PN masks provided in [3] at the receiver. We consider PTRS time density of every OFDM symbol, and consider a PTRS frequency density of every other PRB and every other fourth PRB (as already configurable in [2]). In addition, we consider higher frequency densities of a PTRS resource every PRB, which are twice the frequency density specified under current NR PTRS specifications [2].    

Simulation details and results
The impact of phase noise on the BLER and the performance of different PTRS densities in the frequency domain are evaluated via link-level simulations. Results for 30 GHz carrier frequency are presented. The Ka-band -> Ka-band phase noise mask (on-board of the satellite) in Table 3 is inserted at the transmitter. The PN model 2 in [3] is inserted at the receiver. The detailed simulation assumptions are provided in Table 3 in the Appendix. 
For the figures presented in this contribution:
· the label “no PN” means no phase noise or PTRS is applied, which means the ideal performance.
· the label “PN, no PTRS” means phase noise is applied, but PTRS is not.
· “n PTRS per RB” in the label means the PTRS density in the frequency domain. 
· The PTRS density in time domain is always assumed to be 1. 
· CPE correction is used.

Fig. 2 to Fig. 5 compare the results for 60 kHz subcarrier spacing (SCS). 
[image: ] [image: ]
 Fig. 2. BLER for 60kHz SCS, 8 RBs, 16QAM        Fig. 3. BLER for 60kHz SCS, 8 RBs, 64QAM
[image: ] [image: ]
 Fig. 4. BLER for 60kHz SCS, 32 RBs, 16QAM       Fig. 5. BLER for 60kHz SCS, 32 RBs, 64QAM
The following observations can be made from the results:
· When PTRS is not inserted, PN causes significant loss in the scenario with a high modulation order (64QAM) and a large bandwidth (32 RBs), i.e., only in Fig. 5.
· In Fig. 5, where PTRS is needed, the CPE compensation is good. 0.5 PTRS per RB, which is included in the current NR PTRS specifications, yields satisfactory coded BLER performance. Increasing the PTRS density to 1 PTRS per RB does not reduce BLER. Therefore, further increase of the PTRS density is not needed.
Similar observations can be made for the SCS of 30 kHz and 120kHz, as shown in Fig. 6 to Fig. 13 in the Appendix.
Summary
In this contribution, we evaluated the BLER performance of the new PN mask for Ka-band and CPE compensation scheme by various PTRS densities. Based on the observation, we propose the following:
Proposal: The NR PTRS configuration is good for the compensation of the phase shift due to the phase noise in NTN channel.
· [bookmark: _GoBack]FFS: Whether NR PTRS configuration is good for the compensation of the phase shift due to the CFO and Doppler shift in NTN channel, considering the high speed of the airborne/spaceborne vehicles. 
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Appendix – Simulation Assumptions and More Results
[bookmark: _Ref225007379][bookmark: _Ref225007373]Table 1. Simulation Assumptions
	Parameters
	Value

	Waveform
	CP-OFDM

	Carrier Frequency 
	30GHz

	Subcarrier spacing
	30kHz, 60kHz, 120kHz

	Modulation and coding rate
	16QAM 3/4 , 64QAM 5/6

	Number of allocated PRBs
	8 PRBs, 32 PRBs

	PTRS density
	Frequency: 0.25, 0.5, 1 PTRS per RB
Time: 1

	Phase noise model
	Tx: Ka-band -> Ka-band PN mask in Table 3
Rx: PN model 2 in [3]

	Channel model
	CDL-A, 30ns, 3km/h




[image: ] [image: ]
Fig. 6. BLER for 30kHz SCS, 8 RBs, 16QAM        Fig. 7. BLER for 30kHz SCS, 8 RBs, 64QAM
[image: ] [image: ]
Fig. 8. BLER for 30kHz SCS, 32 RBs, 16QAM       Fig. 9. BLER for 30kHz SCS, 32 RBs, 64QAM
[image: ] [image: ]
Fig. 10. BLER for 120kHz SCS, 8 RBs, 16QAM      Fig. 11. BLER for 120kHz SCS, 8 RBs, 64QAM
[image: ] [image: ]
Fig. 12. BLER for 120kHz SCS, 32 RBs, 16QAM    Fig. 13. BLER for 120kHz SCS, 32 RBs, 64QAM
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