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1 Introduction

In this paper, we provide our views on several important remaining issues on PTRS. The evaluation assumptions are aligned with [1]

 REF _Ref497118475 \r \h 
 \* MERGEFORMAT [2], with specific choices given along with the results. The two phase noise models in [2] are denoted as PN-EX1 and PN-EX2, respectively.
2 Remaining issues to be addressed
2.1 PTRS for CP-OFDM

2.1.1 RE mapping with collision

To avoid collision between PTRS and DMRS/PDCCH, it has been agreed that PTRS is not transmitted in OFDM symbols that contains PDSCH/PUSCH DMRS and in RE that overlaps with a configured CORESET. However, there is still possibility that PTRS collides with other RSs and channels, for example, PUCCH/SRS. To avoid collision, PTRS according to the mapping pattern should not be transmitted in RE that overlaps with PUCCH/SRS. 
Proposal 1: To avoid collision, PTRS is not transmitted in RE that overlaps with PUCCH/SRS.
2.1.2 Details of layer indicator
Reporting layer indicator (LI) was supported to facilitate mapping DL PTRS to the layer with highest SINR. To reduce the signaling overhead and UE complexity, LI should be reported only when DL PTRS is being used, i.e., the high layer parameter Downlink-PTRS-Config is set as ON. 
Proposal 2: LI is not reported when the higher parameter Downlink-PTRS-Config is set as OFF.
2.1.3 Time density for special scenarios
When UCI is scheduled on PUSCH without UL-SCH, where the modulation order is indicated by a reserved MCS, mapping PTRS on every symbol was proposed in the last meeting. This will lead to a large PTRS overhead, reduced data rate or increased code rate, and hence degraded throughput/detection performance, especially for QPSK transmission. Assuming the same TBsize, this effect is illustrated in Figure 1, i.e., the performance difference between blue and black curves. To reduce the performance loss, we propose to use the maximum non-reserved MCS index with the same modulation order as the reserved MCS to determine the presence/time-density of PTRS.
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Figure 1 SE loss for having PTRS with highest time density for QPSK transmission
Proposal 3: Support using the maximum non-reserved MCS index with the same modulation order as the reserved MCS to determine the presence/time-density of PTRS when UCI is scheduled on PUSCH but without UL-SCH.
2.2 PTRS for DFT-s-OFDM

2.2.1 Placement of PTRS chunks

In this section, we would like to draw further attention to the problematic issue of placement of PTRS for DFT-s-OFDM in the case of K=4. The problem arises since an Rx “advance shift” λ (measured in the units of pre-DFT QAM symbol duration) is deployed by the receiver due to imperfect synchronization and various multipath channel profiles of the UL transmissions from simultaneously FDM-ed UEs. As a result, a part of or even the whole PTRS group in the tail of the OFDM symbol wraps around to the head, as shown in Figure 2.
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Figure 2: Consequence of Rx window timing shift given the present placement of PTRS for K=4
It should be emphasized that the actual value of λ is unknown to the transmitter(s), and it is tuned by the receiver based on considerations which are more important than (and rather orthogonal to) the issue of PN compensation (PNC), for ensuring good detection performance. Thus, it makes sense to ensure that the placement of the PTRS groups is robust to the advance shifts within a reasonable range, otherwise, the PNC performance and implementation complexity may both degrade, and for no good reason.

Link-level evaluations are performed to assess the impact of the above problem by comparing the performance between two types of placements of PTRS, denoted as “HMT” (Head-Middle-Tail, as in the currently agreed design shown in Figure 2) and “MMM” (i.e. placing all the PTRS groups in the middle of each interval), respectively; the evaluation assumptions can be found in the appendix.
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Figure 3: Performance impact caused by advanced timing shift at Rx side
As shown in Figure 3, the advance shift in Rx timing has a strong impact on the performance in case of the first PTRS placement scheme (HMT) due to the wrap-around of the last PTRS chunk placed at the tail of OFDM symbols (around 5dB loss), while almost no impact to the performance is observed in case of the second PTRS placement scheme (MMM) when X = 2, when phase noise model #2 in [2] is used. More evaluation results comparing the two methods of PTRS placement are presented in section 5.1 for 30 GHz and section 5.2 for 40 GHz, respectively.
Proposal 3: For PTRS for DFT-s-OFDM, when the size of PTRS group is 4, with the samples in DFT domain divided into equal-sized intervals, support mapping PTRS groups to the middle of each interval. 
If proposal 3 is not agreeable for non-technical reasons, we propose to support all middle placements in addition to head/middle/tail placement, which leads to the following proposal:
Proposal 4: For PTRS for DFT-s-OFDM, when the size of PTRS group is 4, support configurable placement of PTRS groups (between head/(middle)/tail and middle/(middle)/middle arrangements).
3 Summary of proposals

The proposals in this paper are summarized as follows. 
For CP-OFDM:

Proposal 1: To avoid collision, PTRS is not transmitted in RE that overlaps with PUCCH/SRS.
Proposal 2: LI is not reported when the higher parameter Downlink-PTRS-Config is set as OFF.
Proposal 3: Support using the maximum non-reserved MCS index with the same modulation order as the reserved MCS to determine the presence/time-density of PTRS when UCI is scheduled on PUSCH but without UL-SCH.
For DFT-s-OFDM:
Proposal 3: For PTRS for DFT-s-OFDM, when the size of PTRS group is 4, with the samples in DFT domain divided into equal-sized intervals, support mapping PTRS groups to the middle of each interval.

Proposal 4: For PTRS for DFT-s-OFDM, when the size of PTRS group is 4, support configurable placement of PTRS groups (between head/(middle)/tail and middle/(middle)/middle arrangements).
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5 Appendix

Table 1 Simulation assumptions for evaluation of PTRS chunk placement for DFT-s-OFDM
	Waveform
	DFT-s-OFDM

	MCS
	64QAM, Coding Rate = 3/4 (LTE Turbo)

	FFT size
	2048

	CP duration
	Normal

	SCS [kHz]
	120

	Allocation size [#PRBs]
	32

	DFT size M
	384/768

	Carrier Frequency [GHz]
	30/40

	Phase Noise (PN) model
	PN-EX1 [2], PN-EX2 [2]

	Channel model
	CDL-C

	Subframe size [#OFDM-symbols]
	14

	PTRS chunk size K
	4

	#PTRS-chunks per OFDM symbol X
	{2, 4} for 32RB

	PTRS chunk placement
	HMT, MMM

	Channel estimation
	Ideal channel estimation

	PN interpolation method
	Linear, using PTRS only in current OFDM symbol

	CP removal advance shift at RX
	0/16/80 (in FFT samples), i.e. 0% or 10% or 50% of the CP length for the first symbol
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5.1 Evaluation results at 30 GHz
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5.2 Evaluation results at 40 GHz
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