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Introduction
In this contribution, we present additional evaluation results related with the design of the Phase Tracking Reference Signal (PTRS), when using CP-OFDM waveform.
[bookmark: _Ref178064866][bookmark: _GoBack]Discussion
Different time/freq densities for PTRS
In this section we present evaluation results with different time and frequency densities for PTRS to determine which are the best thresholds for the predefined density tables for NR. In subsections 2.1.1 and 2.1.2 we show evaluations results for 60 and 120 kHz subcarrier spacing, with different scheduled BW and different MCS index. As the NR MCS table is not agreed yet, for the evaluations, the LTE MCS and the Transport Block Size have been utilized by using Table 7.1.7.1-1 in [1], considering 2 symbols PDCCH and single front-loaded DMRS pattern. The phase noise model in [2] has been used for the simulations because it is the only phase noise model presented in RAN1 verified with empirical measurements of state of the art oscillators for mmWave frequencies. The rest of simulation assumptions used are shown in Table 1.
The evaluation results show that the best combination of time and frequency densities for PTRS is dependent on SCS, MCS and scheduled BW. However, making the densities depend on a joint consideration lead to unnecessary complexity and therefore a decoupled approach where frequency density is only dependent on the scheduling BW and SCS, while the time density depends on MCS and SCS was agreed. With this decoupling it is observed from the simulated cases that the loss compared to full coupled density determination is not significant. Also, from the evaluations it can be observed that a common predefined table could be used for 60 and 120 kHz SCS.
[bookmark: _Toc494731935]The performance loss is very small due to the use of a decoupled approach where the frequency density only depends on scheduling BW and time density depends on MCS.
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Evaluations for 60 kHz subcarrier spacing
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Figure 1. Evaluation results for MCS index 16 at 30 GHz carrier frequency with 60 kHz SCS.
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Figure 2. Evaluation results for MCS index 18 at 30 GHz carrier frequency with 60 kHz SCS.
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Figure 3. Evaluation results for MCS index 28 at 30 GHz carrier frequency with 60 kHz SCS.
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Figure 4. Evaluation results for MCS index 16 at 30 GHz carrier frequency with 120 kHz SCS.



		[image: ]
a) 2 PRB
	[image: ]
b) 4 PRB




		[image: ]
c) 8 PRB
	[image: ]
d) 16 PRB




		[image: ]
e) 32 PRB
	[image: ]
f) 64 PRB





Figure 5. Evaluation results for MCS index 18 at 30 GHz carrier frequency with 120 kHz SCS.



		[image: ]
a) 2 PRB
	[image: ]
b) 4 PRB




		[image: ]
c) 8 PRB
	[image: ]
d) 16 PRB




		[image: ]
e) 32 PRB
	[image: ]
f) 64 PRB





Figure 6. Evaluation results for MCS index 28 at 30 GHz carrier frequency with 120 kHz SCS.
Effect of interference due to PTRS
In this section we present evaluations results to study the effects of the inter and intra cell interference. Two different PTRS configurations have been used for the evaluations. In the first one (Fixed PTRS mapping) both the main link and the interfering link transmit using the same DMRS and PTRS mapping (PTRS mapped in the same subcarrier in both links), as shown in Figure 7a. In this case, we have PTRS to PTRS interference. The second configuration (Randomized PTRS), the main and the interfering link use the same DMRS mapping but different PTRS mapping (PTRS is mapped in different subcarriers in the links), as shown in Figure 7b. In this case we have PDSCH to PTRS interference. 
In both cases for a given subcarrier the PTRS symbol sequence should be formed by repeating the value of the DMRS symbol on that subcarrier. Also, the DMRS sequence used for the main and interfering link are pseudo-random sequences with different roots. In both, the main and interfering link PTRS is associated with the DMRS mapped to the first COMB. The evaluations have been done with 30 GHz carrier frequency, 60 kHz subcarrier spacing, 16QAM(2/3) MCS, scheduled BW of 16 PRB and 2 layers transmission for both the main and the interfering link. Also, the phase noise model in [2] has been used.
From the evaluation results we can see how the Fixed PTRS mapping (PTRS to PTRS interference) with DMRS repetition as sequence provides a better performance than Randomized PTRS (PDSCH to PTRS interference). This results are aligned with the derivation that we presented in Appendix 5.1 in [3], which showed that PTRS to PTRS interference produces a lower degradation than the PDSCH to PTRS interference if DMRS-repetition is used.
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Figure 8. Evaluation results with the effect of inter and intra interferences produced by PTRS.

Conclusions
In this contribution, we made the following observations:
Observation 1	The performance loss is very small due to the use of a decoupled approach where the frequency density only depends on scheduling BW and time density depends on MCS.
Observation 2	Common density tables can be used for 60 and 120 kHz SCS.
Observation 3	Fixed PTRS mapping with DMRS repetition as PTRS sequence offers better performance than configurable PTRS with randomized interference.
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Appendix

	Parameter
	Value

	Channel Model
	TR38900_5G_CDL_B

	Phase noise model
	As proposed in [2], applied on both BS and UE

	UE speed
	3km/h

	Delay spread
	100 ns

	Transmission Slot Length
	14 symbols

	Link Adaptation
	Disabled

	Channel estimation
	Practical LMMSE channel estimation using front loaded RS pattern

	Phase estimation
	Practical phase estimation


[bookmark: _Ref494628367]Table 1. Evaluation assumptions
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