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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 DFT-S-OFDM waveform.
[bookmark: _Ref178064866]Discussion
[bookmark: _GoBack]Different placement of chunks for X=2
In this section we present evaluation results for the four different alternatives of placement of chunks when X=2. The four alternatives (shown in Figure 1) follow:
· Alt. 1: chunks are placed head/tail of DFTsOFDM symbols containing PTRS
· Alt. 2: chunks are placed middle/tail of the DFTsOFDM symbols containing PTRS
· Alt. 3: chunks are placed head/middle of the DFTsOFDM symbols containing PTRS
· Alt. 4: chunks are placed middle of each of the X equally-sized parts of the DFTsOFDM symbols containing PTRS.
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[bookmark: _Ref494467107]Figure 1. Four different alternatives for chunk placement when X=2.
In Figure 2 we show evaluation results for the four previous alternatives for 30 GHz carrier frequency, 60 kHz SCS, 8 scheduled PRB, and two different number of samples per chunk (K=2 and K=4). In the evaluations practical full phase noise compensation (CPE+ICI) compensation has been applied. The rest of simulation assumptions used are shown in Table 1.
From the evaluations we can observe that in the cases in which there is a chunk placed in the Tail of the BW the performance is better. Also, there is not significant difference between the MIDDLE-TAIL case and the HEAD-MIDDLE case.
[bookmark: _Toc494732051]A chunk placed in the Tail of the BW improves the performance.
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a) K = 2 samples per chunk
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b) K = 4 samples per chunk


[bookmark: _Ref494472062]Figure 2. Evaluation results for different chunk placements when X=2.
X and K dependence with MCS/BW
In the previous RAN1 meeting it was agreed that the selected values for X and K are associated with MCS/BW. In Figure 3 to Figure 6 we present evaluations results with different combinations of K and X to further study their dependence with MCS/BW. The presented evaluations use different MCS and scheduled BW, with 30 GHz carrier frequency, 60 kHz SCS, practical phase noise compensation (CPE+ICI). One important fact that we can observe in the presented results is that the best PTRS design in the DFT domain is independent of the scheduled MCS. Studying the results, it seems that the values of K must be associated with the scheduled BW and the value of X must be associated with the value of K and with the scheduled BW.
[bookmark: _Toc494732052]The values of X and K values in each case are independent of the scheduled MCS.
[bookmark: _Toc494732053]The value of K is dependent on the scheduled BW.
[bookmark: _Toc494732054]The value of X is dependent on the value of K and on the scheduled BW.
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b) 64QAM(3/4)





[bookmark: _Ref492385153]Figure 3. Evaluation results with 4 PRB’s scheduled BW for different chunk-based designs at 30 GHz.
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Figure 4. Evaluation results with 8 PRB’s scheduled BW for different chunk-based designs at 30 GHz.
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Figure 5. Evaluation results with 16 PRB’s scheduled BW for different chunk-based designs at 30 GHz.
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[bookmark: _Ref492391318]Figure 6. Evaluation results with 32 PRB’s scheduled BW for different chunk-based designs at 30 GHz.

Conclusions
In this contribution, we made the following observations:
Observation 1	A chunk placed in the Tail of the BW improves the performance.
Observation 2	The values of X and K values in each case are independent of the scheduled MCS.
Observation 3	The value of K is dependent on the scheduled BW.
Observation 4	The value of X is dependent on the value of K and on the scheduled BW.
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Appendix

	Parameter
	Value

	Channel Model
	TR38900_5G_CDL_B

	Phase noise model
	As proposed in [1], 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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