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Introduction
Non-terrestrial systems, either airborne or spaceborne, are expected to be an integral part of 5G deployments [1] and bring important benefits in areas such as ubiquitous coverage, high resilience, broadband delivery for high speed platforms, disaster/emergency relief etc. System design needs to take into account the potential impact of the NTN specificities, as already discussed in [5], [6], [7].
In this contribution we discuss phase noise tracking design principles, following the previous discussions in the last RAN1#92 meeting [3].

Discussion
NTN systems may be deployed in wide range of frequency bands, ranging from 1-2GHz to mmWave (L/S/C/Ku/Ka/ Q/V bands). In [2], the following frequency bands were identified for evaluation purposes in a first approach:
-	For VSAT, Ka band: Downlink: 19.7 - 21.2 GHz, Uplink: 29.5 – 30.0 GHz 
-	For UE, S band: Downlink: 2170 - 2200 MHz, Uplink: 1980 - 2010 MHz
Phase noise impact is important in mmWave. Phase noise is causing both a common phase error (CPE), resulting in constellation rotation, and inter-carrier interference (ICI), resulting in scattering of the constellation points.
In NR Rel.15 PTRS (phase tracking RS) were introduced to serve as basis for compensating the phase errors. Phase errors may come from phase noise, carrier frequency offset (CFO), Doppler shifts, etc.
NR Rel.15 PTRS structure [4] is very flexible. 
For CP-OFDM, PTRS is inserted in the frequency domain. Although the phase noise is a time domain process and the phase noise evolves between the beginning and the end of every OFDM symbol, given that PTRS is inserted in the frequency domain, only an average time domain estimation per OFDM symbol is available, allowing for CPE compensation only. CP-OFDM symbols carrying DMRS do not carry PTRS, since the common phase error is already absorbed in the channel estimation process and PTRS is not needed. The time domain density is either every OFDM symbol, or every other symbol, or every 4th symbol. The time domain density is dependent on the scheduled MCS. When the time domain density is lower than 1, the CP-OFDM symbol(s) after DMRS do not carry PTRS, since the CPE drift from the latest DMRS reference is low near DMRS symbols. The frequency domain density is either every 2nd or every 4th RB, and the exact density depends on the scheduled bandwidth. The thresholds for MCS and scheduled bandwidth dependency are user specific and configured through RRC. 




For DFTsOFDM UL transmission, PTRS is inserted in the time domain, before DFT precoding. Since the phase noise is a time domain process, being able to track the phase noise in the time domain is more accurate than in the CP-OFDM case. Time-domain interpolation within the same DFTsOFDM symbol and/or across DFTsOFDM symbols is possible in this case. Only PUSCH DFTsOFDM symbols may carry PTRS, embedded within the PUSCH structure at the DFT precoder input. The time domain density is either every DFTsOFDM symbol, or every other symbol. The time domain density is user specific and configured through RRC. When the time domain density is every other symbol, the DFTsOFDM symbol right after DMRS does not contain PTRS. Regarding the pre-DFT density for the DFTsOFDM symbols carrying PTRS, five different sequences are defined. Each x sequence contains  groups of  PTRS samples. The five defined sequences are 2x2, 2x4, 4x2, 4x4 and 8x4 (see clause 6.4.1.2.2.2 of [4]), and the exact sequence to be used is chosen by comparing the allocated bandwidth to a set of user specific thresholds NRBi, configured through RRC. Any of the 5 predefined sequences can be enabled/disabled by configuring appropriate threshold values. 
The implicit dependency on scheduled bandwidth (and/or MCS) were derived in NR after extensive simulation campaigns. The flexibility given by the possibility of user-specifically configuring the switching thresholds between patterns allows the system to adapt to the RF characteristics of each UE. 
During the extensive simulation campaigns, it was noted that the performance of phase tracking algorithms is highly dependent on a large set of variables such as carrier frequency, subcarrier spacing, UE specific RF characteristics, configured MCS/bandwidth, frame length, DMRS configuration, Doppler, receiver implementation options, etc. The same pattern can have different behavior with different phase noise masks. 
Observation: The performance of phase tracking algorithms is highly dependent on a large set of variables such as carrier frequency, subcarrier spacing, UE specific RF characteristics, configured MCS/bandwidth, frame length, DMRS configuration, Doppler, receiver implementation options, etc.

As it can be seen in Figure 1, phase noise masks defined for NR and phase noise masks usually employed in Ka bands [8] may be significantly different. Also, in NTN, since the link budget may be significantly different from the terrestrial case, the typical MCS/bandwidths/numerology choices may be different from the NR eMBB simulation scenarios.
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[bookmark: _Ref510737237]Figure 1 Different PN masks for NR (around 30GHz) and NTN
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Observation: The current phase noise masks defined in NR may be rather different from phase masks usually considered in NTN.
Observation: Typical NTN scenarios may be different from the typical NR simulation assumptions.

Although the NR PTRS patterns allow a very flexible configuration, in order to investigate whether the current patterns are enough or some redesign is necessary a set of NTN specific simulation assumptions need to be agreed, including at least assumptions on carrier frequency, subcarrier spacing, UE specific RF characteristics, configured MCS/bandwidth, frame length, DMRS configuration, Doppler, etc.
Observation: A set of NTN specific simulation assumptions need to be agreed in order to evaluate the performance of current NR PTRS patterns in an NTN environment.


Conclusion 
Observation: The performance of phase tracking algorithms is highly dependent on a large set of variables such as carrier frequency, subcarrier spacing, UE specific RF characteristics, configured MCS/bandwidth, frame length, DMRS configuration, Doppler, receiver implementation options, etc.
Observation: The current phase noise masks defined in NR may be rather different from phase masks usually considered in NTN.
Observation: Typical NTN scenarios may be different from the typical NR simulation assumptions.
Observation: A set of NTN specific simulation assumptions need to be agreed in order to evaluate the performance of current NR PTRS patterns in an NTN environment.
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