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Introduction
In RAN1 #90, the following were agreed for PT-RS for DFT-s-OFDM:
Agreements:
· Confirm the Working assumption: 
· Support Pre-DFT PT-RS insertion for UL DFT-S-OFDM
Agreements:
· For pre-DFT PTRS insertion for DFTsOFDM
· Define for the sake of discussion the pre-DFT pattern as X chunks of K>=1 adjacent PTRS samples
· The chunk sizes K can be {1,2,Y}, values to be down-selected at RAN1#90bis 
· Y is a single value, larger than 2, FFS the exact value
· At most two K values is supported after down-selection
· FFS: configuration of K is by higher layer or implicit by DCI depending on e.g. allocation size and/or MCS 
· The supported number of chunks : X includes at least {2, Z}
· Z is larger than 2, FFS the exact value
· FFS: configuration of X is by higher layer or implicit by DCI depending on e.g. MCS 
· FFS: the exact positions of the chunks and sequence
· Note: K=1 corresponds to distributed allocation

In this contribution, we evaluate the performance of chunk based PTRS with X=2 according to the locations of chunks within the DFT input to further narrow down options.
Performance Evaluation 
The three patterns for X = 2 chunks of PT-RS that are used in performance comparison are given in Figure 1. Specifically, the two chunks are placed either in (a) head and tail of the DFT input (H-T); (b) head and middle of the DFT input (H-M); or (c) middle and tail of the DFT input (M-T). The phase noise (PN) is generated according to the models provided in [2] and [3] and common phase error (CPE) correction is used. The detailed simulation assumptions are provided in the Appendix.
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Figure 1
Figure 2 and Figure 3 illustrate the spectral efficiency with the PN model from [2] for 8 and 32 RBs, respectively. From these figures, it can be seen that there is no meaningful difference among the several PT-RS patterns and PN estimation method. This is because, the PN generated using the PN model [2] does not vary much within one DFT-s-OFDM symbol, so, the accuracy of the PN estimates does not depend on the location of the PT-RS.
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[bookmark: _Ref492808728]Figure 2 Spectral efficiency with 8 RBs; PN model [2]
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[bookmark: _Ref492808741]Figure 3 Spectral efficiency with 32 RBs; PN model [2]

Figure 4 and Figure 5 illustrate the spectral efficiency with the PN model from [3] for 8 and 32 RBs, respectively. From these figures, it can be seen that the best performance is attained with the M-T pattern. The H-T pattern, on the other hand, provides the worst performance because the samples taken from the PN with this pattern may not properly reflect the actual PN. To elaborate on this point, Figure 6 illustrates one realization of the PN using model [3] during one DFT-s-OFDM symbol. We can observe from this figure that even within one DFT-s-OFDM symbol, the variation of the phase noise angle is significant. If the PT-RS are placed at the head and the tail, the measured angle (approximately -6 to -7 degrees) would not be a good estimation of the PN.
Observation 1: Placing the two chunks of PT-RS at the opposite ends of the data block reduces the PN estimation accuracy.
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[bookmark: _Ref492809286]Figure 4 Spectral efficiency with 8 RBs; PN model [3]
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[bookmark: _Ref492809295]Figure 5 Spectral efficiency with 32 RBs; PN model [3]
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[bookmark: _Ref492911709]Figure 6  Sample realization of PN using model [3]

Summary
In this contribution, we evaluated the performance of various PT-RS patterns for two chunks with DFT-s-OFDM waveform. It was observed that the largest spectral efficiency is attained when the chunks are located at the middle and tail portion of the DFT-input. 
Based on the evaluation results, the following is proposed:
Proposal 1: For two chunks of PT-RS, the chunks are located at the middle and tail portions of the DFT input.
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Appendix – Simulation Assumptions
[bookmark: _Ref225007379][bookmark: _Ref225007373]Table 1 Simulation Assumptions
	Parameters
	Value

	System bandwidth
	320 MHz 

	Waveform
	DFT-s-OFDM

	Subcarrier spacing
	240 kHz

	Number of PTRS
	8 (2 chunks of size 4) 

	Carrier Frequency 
	52 GHz

	Modulation and coding rate
	64QAM, 5/6

	Number of allocated PRBs
	8, 32 PRBs

	Channel model
	TDL-C, 30 ns, 3 kmph

	Channel coding scheme
	Turbo

	Receiver
	MMSE

	Phase noise model
	PN models [2] and [3]
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