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Introduction
In RAN1-90bis, the following agreements were made:
· FFS: Whether to introduce (K=1, X=16) and the impacts on existing design. If supported, K={1,2,4} is supported and the following applies
· The samples in DFT domain are divided in X intervals, and the chunks (K=1) are located in the middle of each interval
· (K=1, X=16) applies when NRB4<NRB NRB5, and Yx4 applies for NRB  NRB5
· Note: No further modifications are bought with the respect to the design for K={2,4}

[bookmark: _Ref178064866]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.
Discussion
Association table for PTRS chunk-based configuration
It was previously agreed to associate the chunk-based configuration parameters with the scheduling BW using Table 1. Some aspects related with the association table that are still open, as for example if the option Yx4 is used (and if used which value of Y). Also, it was proposed to add the configuration X=16 and K=1, as some companies claimed that it could offer performance gains for cases with large scheduled BW. Thus, next we show evaluation results for 32, 64 and 110 PRB in Figure 1, Figure 2, and Figure 3, to study if the configurations X=16, K=1 and X>4, K=4 are needed. To make a fair comparison between the different configurations, we use 3 different overhead values for each of the values of K, using 32, 16 and 8 PTRS samples in the DFT domain. In the evaluations, the phase estimation is done using linear interpolation between the average value for each chunk. The assumptions shown in Table 3 have been used for the evaluations. From the evaluations results we can see how the configuration with K=1 does not provide throughput gain in any of the evaluated cases. This is mainly because the effect of the thermal noise produces high degradation in the estimation for the case with K=1 (as no averaging over different samples can be done for the estimation). Also, for very large BW (as 110 PRB) X=4 and X=8 provides similar performance. Moreover, for low quality oscillators producing large ICI values X=8 could provide better performance than X=4. Therefore, configuration with X=1 should be precluded and configuration X=8 and K=4 must be supported.
[bookmark: _Toc498359007]For large scheduled BW, chunk size K=1 does not offer performance gains with respect to K=2 and K=4 (using the same reference signal overhead).
[bookmark: _Toc498359008]For large scheduled BW and low quality oscillators configuration with X=8 and K=4 can provide significant performance gains.
	Scheduled BW
	X x K

	NRB ≤  NRB0
	No PT-RS

	NRB0 < NRB ≤  NRB1
	2x2

	NRB1 < NRB ≤  NRB2
	2x4

	NRB2 < NRB ≤  NRB3
	4x2

	NRB3 < NRB ≤  NRB4
	4x4

	NRB4 < NRB 
	Yx4


[bookmark: _Ref498329025]Table 1. Association table between scheduled BW and chunk-based configuration.
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a) 16QAM (1/2)
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b) 64QAM (2/3)


[bookmark: _Ref494472062]Figure 1. Evaluation results for different PTRS configurations in DFT domain with 32 PRBs scheduled BW.
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a) 16QAM (1/2)
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b) 64QAM (2/3)


[bookmark: _Ref498329194]Figure 2. Evaluation results for different PTRS configurations in DFT domain with 64 PRBs scheduled BW.
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a) 16QAM (1/2)
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b) 64QAM (2/3)


[bookmark: _Ref498329196]Figure 3. Evaluation results for different PTRS configurations in DFT domain with 110 PRBs scheduled BW
Default thresholds
RAN1 agreed to set default values for the thresholds in the association table (Table 1), which can be later overridden by RRC signalling. Even though the thresholds can be modified by RRC, we think it is important to take a conservative approach in the design, so that the default table offers performance benefits without any RRC signalling for the most usual cases (radios with the current state of the art oscillators for mmWave frequencies). Therefore, to obtain a good design for the default table we must use for the evaluations a phase noise model verified with empirical measurements of state of the art oscillators for mmWave frequencies. So far, the only phase noise model presented in RAN1 that fulfils this requirement is the one presented in [1]. So, this phase noise has been used in the evaluations. In Figure 4 to Figure 9 we show the evaluation results for 4, 8, 16, 32, 64, and 110 PRBs scheduled BW with the different PTRS configurations in Table 1. Also, two different MCS have been used (16QAM with coderate ½ and 64QAM with coderate 2/3). One important fact that we can observe in the results is that the best PTRS configuration for different MCS is the same, so the PTRS configuration in the DFT domain should be not associated with the MCS. Based on the presented results with think that the default thresholds that are more reasonable for the association table are NRB0=0, NRB1=8, NRB2=NRB3=32, and NRB4=108. It is important to mention that the default value of NRB0 is set to 0 because for UL PTRS could be used for frequency offset estimation, so even for small scheduled BWs PTRS is needed.
[bookmark: _Toc498359009]The scheduled MCS does not have an impact on the selection of the best PTRS configuration in the DFT domain.
[bookmark: _Toc498359010][bookmark: _Toc498337418]The default thresholds NRB0=0, NRB1=8, NRB2=NRB3=32, and NRB4=108 offer good performance for a very large range of scheduled BWs. 
	[image: ]
a) 16QAM (1/2)
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b) 64QAM (2/3)


[bookmark: _Ref498358173]Figure 4. Evaluation results for the PTRS configurations in the association table with 4 PRBs.
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a) 16QAM (1/2)
	[image: ]
b) 64QAM (2/3)


Figure 5. Evaluation results for the PTRS configurations in the association table with 8 PRBs
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a) 16QAM (1/2)
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b) 64QAM (2/3)


Figure 6. Evaluation results for the PTRS configurations in the association table with 16 PRBs
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a) 16QAM (1/2)
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b) 64QAM (2/3)


Figure 7. Evaluation results for the PTRS configurations in the association table with 32 PRBs
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a) 16QAM (1/2)
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b) 64QAM (2/3)


Figure 8. Evaluation results for the PTRS configurations in the association table with 64 PRBs
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a) 16QAM (1/2)
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b) 64QAM (2/3)


[bookmark: _Ref498358176]Figure 9. Evaluation results for the PTRS configurations in the association table with 110 PRBs

Conclusions
We make the following additional observations:

Observation 1	For large scheduled BW, chunk size K=1 does not offer performance gains with respect to K=2 and K=4 (using the same reference signal overhead).
Observation 2	For large scheduled BW and low quality oscillators configuration with X=8 and K=4 can provide significant performance gains.
Observation 3	The scheduled MCS does not have an impact on the selection of the best PTRS configuration in the DFT domain.
Observation 4	The default thresholds NRB0=0, NRB1=8, NRB2=NRB3=32, and NRB4=108 offer good performance for a very large range of scheduled BWs.

[bookmark: _In-sequence_SDU_delivery]References
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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

	Carrier frequency
	30 GHz

	Subcarrier spacing
	60 kHz

	Tx Scheme
	1x2 antenna panel

	Rx Scheme
	2x2 antenna panel

	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: _Ref477940397]Table 3. Simulation assumptions 
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