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Introduction
In RAN1 AH #2, the following decisions were taken regarding PTRS for DFT-s-OFDM [1].
Agreements:
· For PT-RS insertion for UL DFT-S-OFDM 
· Companies are encouraged to perform simulations with realistic simulation assumptions comparing pre-DFT vs. post-DFT PT-RS insertion
· For pre-DFT, companies are encouraged to compare chunk-based distribution vs. non-chunk based distribution
Agreements:
· Support at least full symbol-level time density for time-domain PT-RS for DFT-S-OFDM (every PUSCH carrying symbol)
· FFS: whether to support configurable symbol-level time density for time-domain PT-RS density reduction for DFT-S-OFDM
· Note: If supported, the configuration can be implicit (associated with scheduled MCS and/or BW and/or DM-RS port(s)/position) or explicit, which is to be decided in next meeting

In this contribution, we compare pre-DFT and post-DFT PTRS for DFT-s-OFDM with small RB allocations.
PTRS for DFT-s-OFDM
The following methods can be used for phase noise estimation and correction using PTRS.
1. Common phase error (CPE) correction with pre-DFT PTRS insertion [2]: The phase noise values estimated using the PTRS (in time domain, after the IDFT at the receiver) are averaged to calculate the CPE. Then, the CPE is used to correct the phase noise.
2. CPE corrections with post-DFT PTRS insertion [2, 3]: The PTRS is inserted after the DFT at the transmitter using puncturing. At the receiver, CPE is calculated in frequency domain, similar to OFDM processing. Since puncturing destroys the single carrier property, PAPR is expected to increase.
3. Nearest correction with pre-DFT PTRS insertion [3]: The phase noise values are estimated per PTRS in time domain, after the IDFT at the receiver. Then, the PN values on the data symbols are estimated to be equal to the PN of the nearest PTRS. These PN values are used to correct the phase noise per symbol. Note that this method of PN estimation may not be optimal since it is prone to noise and is a very coarse way of interpolation. This method is shown in Figure 1.

In [3], methods 2 and 3 were compared with ideal PA. In this contribution, methods 1-3 are compared using ideal PA model and polynomial PA model.
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[bookmark: _Ref490040358]Figure 1. An example of nearest estimation of PN

Performance Evaluation 
The simulation parameters are given in the Appendix and chosen to match the parameters in [3].
Figure 2 and Figure 3 present the throughput with the PN estimation and correction techniques introduced in Section 2 with ideal PA model and polynomial PA model, respectively. We can make the following observations:
With Ideal PA:
· No compensation gives the best throughput
· Pre-DFT PTRS with nearest PN estimation is sub-optimal and its performance is worse than pre-DFT PTRS with CPE estimation
· The performance of post-DFT with puncturing is worse than pre-DFT with CPE estimation at low-to-medium SNR range
· All methods converge to a similar throughout at high SNR and 1 PTRS seems sufficient

With polynomial PA model:
· The post-DFT with puncturing method suffers huge performance degradation due to the increased PAPR
· No compensation gives the best throughput
· Pre-DFT PTRS with nearest PN estimation is sub-optimal and its performance is worse than pre-DFT PTRS with CPE estimation
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[bookmark: _Ref490037343]Figure 2 Throughput with ideal PA
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[bookmark: _Ref490037356]Figure 3 Throughput with PA polynomial model

Figure 4 and Figure 5 present the BLER with various PN estimation techniques with ideal PA model and polynomial PA model, respectively. We can make the following observations:
Within the pre-DFT methods, CPE based estimation is better than the nearest estimation method. This is because the interpolation performed by the nearest estimation method is very coarse and prone to noise. In addition, the BLER of post-DFT puncturing is substantially higher than pre-DFT methods with both ideal PA and polynomial PA model. Note that due to the overhead of PT-RS, BLER performance does not necessarily mean higher throughout. However, these results show the PN estimation performance of various techniques.
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[bookmark: _Ref490037736]Figure 4 BLER with ideal PA
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[bookmark: _Ref490037743]Figure 5 BLER with PA polynomial model

Summary
In this contribution, we evaluated the performance various PTRS insertion methods for DFT-s-OFDM with ideal and non-ideal PA models.
The following observations have been made:
· The performance of pre-DFT with CPE estimation is better than the performance of pre-DFT with nearest estimation
· The performance of pre-DFT PTRS is better than the performance of post-DFT PTRS.
· post-DFT PTRS insertion suffers from substantial throughput loss due to increased PAPR

Based on the above observations, the following is proposed:
Proposal: Confirm the working assumption of pre-DFT PTRS insertion for DFT-s-OFDM.
 
References
RAN1 NR AH #2 Chairman’s notes
R1-1708342, “Remaining Issues on PTRS for DFT-s-OFDM, 3GPP TSG RAN WG1 Meeting #89         Hangzhou, P.R. China 15th – 19th May 2017                            
R1-1710536, “On PT-RS for DFT-s-OFDM,” 3GPP TSG RAN WG1 AH#2, Qingdao, China, June 2017
R1-1703988, “Draft CR to technical report: On phase noise modelling,” 3GPP TSG RAN WG1 #88-bis, Spokane, USA, April 2017
[bookmark: _Ref458464651]R1-166004 “Response LS on realistic power amplifier model for NR waveform evaluation,” 3GPP TSG RAN WG1 #85 Nanjing, China, 23th – 27th May 2016
Appendix – Simulation Assumptions
[bookmark: _Ref225007379][bookmark: _Ref225007373]Table 1 Simulation Assumptions
	Parameters
	Value

	System bandwidth
	320 MHz (for SCS=240 kHz)

	Waveform
	DFT-s-OFDM

	Subcarrier spacing
	240 kHz

	Number of PTRS
	1, 2, 4, 8 

	Carrier Frequency 
	30 GHz

	Modulation and coding rate
	16QAM, 2/3

	Number of allocated PRBs
	8 PRBs

	Channel model
	TDL-C, 30 ns, 3 kmph

	Channel coding scheme
	Turbo

	Receiver
	MMSE

	Phase noise model
	PN model [4]

	PA model
	Polynomial PA model [5]
PA output = 26 dBm (22 dBm + 4 dB losses)
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Ideal PA

No compenation

pre-DFT CPE 1

pre-DFT CPE 2

pre-DFT CPE 4

pre-DFT CPE 8

pre-DFT Nearest 1

pre-DFT Nearest 2

pre-DFT Nearest 4

pre-DFT Nearest 8

post-DFT CPE 1

post-DFT CPE 2

post-DFT CPE 4

post-DFT CPE 8
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PA polynomial model

No compenation

pre-DFT CPE 1

pre-DFT CPE 2

pre-DFT CPE 4

pre-DFT CPE 8

pre-DFT Nearest 1

pre-DFT Nearest 2

pre-DFT Nearest 4

pre-DFT Nearest 8

post-DFT CPE 1

post-DFT CPE 2

post-DFT CPE 4

post-DFT CPE 8
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Ideal PA

No compenation

pre-DFT CPE 1

pre-DFT CPE 2

pre-DFT CPE 4

pre-DFT CPE 8

pre-DFT Nearest 1

pre-DFT Nearest 2

pre-DFT Nearest 4

pre-DFT Nearest 8

post-DFT CPE 1

post-DFT CPE 2

post-DFT CPE 4

post-DFT CPE 8
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PA polynomial model

No compenation

pre-DFT CPE 1

pre-DFT CPE 2

pre-DFT CPE 4

pre-DFT CPE 8

pre-DFT Nearest 1

pre-DFT Nearest 2

pre-DFT Nearest 4

pre-DFT Nearest 8

post-DFT CPE 1

post-DFT CPE 2

post-DFT CPE 4

post-DFT CPE 8


