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Introduction
In RAN1#90 meeting [1], the following was decided:
· Confirm the Working assumption: 
· Support Pre-DFT PT-RS insertion for UL DFT-S-OFDM
· 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

At the RAN1#88 meeting [2], it was previously agreed that usage of PTRS for e.g. CFO/Doppler correction is not precluded.
In this contribution, we give our view on pre-DFT PTRS patterns for DFTsOFDM.

Discussion
Specific RS need to be inserted at high carrier frequency operation, in order to offer support for compensating time domain effects such as phase noise, carrier frequency offset (CFO) and/or Doppler effects. For simplicity we refer to this RS as PTRS, but it can also serve as support for CFO/Doppler compensation.
PTRS insertion is particularly helpful for DFTsOFDM, where DM-RS insertion is particularly costly in terms of overhead, since full symbols are reserved for DM-RS insertion. PTRS in DFTsOFDM can offer phase tracking support to compensate phase noise, CFO and Doppler effects with low, controlled overhead.
Pre-DFT pattern was decided to be supported. Concerning the post-DFT pattern, in cases where CPE phase noise estimation is deemed sufficient, averaging over the pre-DFT pattern would yield the same result as post-DFT insertion if the same overhead is used. Since post-DFT insertion did not show any significant performance benefit over pre-DFT insertion and it moreover has an impact on PAPR, it is unnecessary to support configuration between pre and post-DFT insertion. 
Observation: It is unnecessary to support configuration between pre and post-DFT insertion.

Performance evaluation
Simulations are performed on a CDL-A 50ns channel at a carrier frequency of 50GHz. The full simulation parameters, description of the patterns and of the estimation methods are given in the Annex.

Chunk-based vs. distributed pre-DFT PTRS insertion
Figure 1 - Figure 6 show performance comparison between distributed (K=1) and chunk-based (K>1) patterns. Chunk-based insertion allows noise reduction on the phase estimate through intra-chunk averaging, followed by simple linear interpolation among chunk estimates. Distributed insertion allows a finer granularity for interpolation, but no noise reduction through averaging. In this section only patterns with 2 chunks were simulated. It is clear that, in the cases where important interpolation gain is possible, increasing the number of chunks is a means of taking full advantage of the interpolation gain, without giving up the noise reduction feature. Distributed pattern performs the same or worse than chunk-based pattern in all investigated scenarios. These results are consistent with the results in our previous contribution, where a different set of scenarios was investigated. As explained in the Annex, distributed pattern needs higher complexity processing at the receiver side. 
Therefore, there is no interest in supporting K=1.
Observation: Distributed pattern requires more complex detection and does not bring any performance gain over chunk-based pattern with K=2 or higher.
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[bookmark: _Ref492682102]Figure 1 – 8RB, 16QAM 3/4
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Figure 2 - 8RB, 64QAM1/2
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Figure 3 - 28RB, 16QAM 3/4
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Figure 4 - 28RB, 64QAM1/2
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Figure 5 - 50RB, 16QAM 3/4
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[bookmark: _Ref492682105]Figure 6 - 50RB, 64QAM1/2



Pattern choice
Chunk size K
Results in Figure 7- Figure 18 compare the performance of chunk-based insertion with different chunk sizes. The results in the previous section indicate that 2x2 (X=2, K=2) pattern has sufficient performance with an allocation size of 8RB.
At higher allocation bands, performance can be improved by increasing the chunk size. It can be seen that, when the engendered overhead is not prohibitive, increasing the number of samples in the chunk from K=2 to K=4 brings significant performance improvement. Further increasing the chunk size to K=6 brings some performance improvement. Further increasing to K=8 does not bring any performance improvement over K=6.
Observation: When the engendered overhead is not prohibitive, increasing the number of samples in the chunk K=4 or 6 brings significant performance improvement over K=2.
Proposal: For chunk-based pre-DFT PTRS insertion for DFTsOFDM with chunk size K
· The supported values for the chunk sizes K are 2 and [4 or 6], 
· FFS: configuration of K is by higher layer or implicit by DCI depending on e.g. allocation size 

	[image: ]
[bookmark: _Ref492688259]Figure 7 – 16RB, 16QAM ¾, FER
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Figure 8 -16RB, 16QAM ¾, SE
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Figure 9 – 16RB, 64QAM1/2, FER
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Figure 10 -16RB, 64QAM1/2, SE
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Figure 11 – 28RB, 16QAM ¾, FER
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Figure 12 -28RB, 16QAM ¾, SE
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Figure 13 – 28RB, 64QAM1/2, FER
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Figure 14 -28RB, 64QAM1/2, SE
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Figure 15 – 50RB, 16QAM ¾, FER
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Figure 16 - 50RB, 16QAM ¾, SE
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Figure 17 – 50RB, 64QAM1/2, FER
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[bookmark: _Ref492688271]Figure 18 - 50RB, 64QAM1/2, SE



Number of chunks X
Concerning the number of chunks X, X=2 yields good performance in most scenarios. In the case of narrowband allocation, PTRS can be useful for Doppler tracking, time offset correction, residual CFO compensation, etc. To enable PTRS insertion with controlled overhead, X=1 should also be supported. In the high SNR region, extra chunks of small size (K=2) can improve the interpolation gain. X=3 or 4 should also be supported.



[bookmark: _GoBack]
Proposal: For chunk-based pre-DFT PTRS insertion for DFTsOFDM with X chunks per DFTsOFDM symbol
· The supported values for are X=1, 2 and [3 or 4], 
· FFS: configuration of X is by higher layer or implicit by DCI depending on e.g. MCS and/or resource allocation
Pattern distribution
Specific patterns conveniently inserted in the time domain can be used as support for other purposes. For example, placing PTRS chunks at the beginning and in the middle of a DFTsOFDM symbol (e.g. Figure 19b) allows interpolating between DFTsOFDM symbols in the scenarios where interpolation gain is important. On the other hand, placing PTRS chunks at the beginning and at the end of a DFTsOFDM symbol enables both common phase estimation and/or interpolation within one DFTsOFDM symbol. Such configuration may be useful for a self-contained subframe where number of DFTsOFDM can be limited and inter-symbol interpolation cannot be performed. Placing a chunk at the end of the DFTsOFDM symbol allows it to be repeated with the CP insertion, which may serve as support in the synchronization process. If a third chunk is to be inserted, a Ncp*M/N samples away from the end of the symbol also allows this chunk to be repeated at the beginning of each DFTsOFDM symbol with the CP insertion, and thus serve as further support in the synchronization process.
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a) X=1, K=4
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b) X=2, K=2, front/middle insertion
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c) X=2, K=2, front/end insertion
[bookmark: _Ref480294529]Figure 19: Different PTRS patterns with the same overhead

Symbol-level time density of PTRS insertion
In scenarios where compensating the common phase error is the main concern (e.g. low SNR) and at low speed, time-domain PTRS density reduction (e.g. inserting PTRS every other symbol) is useful for PTRS overhead reduction. Nevertheless, even at low SNR, at high speed such reduction is penalizing for the performance. Since common phase errors can be absorbed by the DM-RS in the channel estimation process and phase drifts are more important away from the DM-RS position as also reported in [6], one way of reducing the overhead of the PTRS sequence is, for example, to take into account the DM-RS positions and not insert PTRS in symbols adjacent to DMRS positions. This strategy is also possible in scenarios where some interpolation gain can be obtained. For example, full or reduced density can be signalled via RRC, and the exact reduction pattern can implicitly depend on DMRS number/position. For example when PTRS time domain density reduction is on, if more than 1 DMRS position is configured then the time-domain pattern is reduced around the DMRS positions, and if only one DMRS position is configured then the PTRS is inserted every other symbol, by avoiding the symbol near DMRS. An example is depicted in Figure 20.
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[bookmark: _Ref485334009]Figure 20: Full and reduced time density examples for an UL only 14 symbol slot: every other symbol (upper part) and DMRS position-based (lower part)
Proposal : Support configurable time-domain PTRS density reduction, where the exact density implicitly depends at least on DMRS number/positions.
In all proposed scenarios, explicit signaling via DCI can be avoided. Explicit signaling via RRC should be minimized and implicit signaling should be preferred whenever possible.



Conclusion 
Observation: It is unnecessary to support configuration between pre and post-DFT insertion.
Observation: Distributed pattern requires more complex detection and does not bring any performance gain over chunk-based pattern with K=2 or higher.
Observation: When the engendered overhead is not prohibitive, increasing the number of samples in the chunk K=4 or 6 brings significant performance improvement over K=2.
Proposal: For chunk-based pre-DFT PTRS insertion for DFTsOFDM with chunk size K
· The supported values for the chunk sizes K are 2 and [4 or 6], 
· FFS: configuration of K is by higher layer or implicit by DCI depending on e.g. allocation size 
Proposal: For chunk-based pre-DFT PTRS insertion for DFTsOFDM with X chunks per DFTsOFDM symbol
· The supported values for are X=1, 2 and [3 or 4], 
· FFS: configuration of X is by higher layer or implicit by DCI depending on e.g. MCS and/or resource allocation


Annex: simulation setup for DFTsOFDM

	Parameter
	Value

	Carrier frequency
	50GHz

	BW
	80MHz

	Samplig frequency
	122.88MHz

	SCS
	120KHz

	NFFT
	1024

	CP overhead
	6.7%

	Allocation
	8RB, 50RB (full allocation)

	DMRS
	One front-loaded DMRS at 3kmph, two DMRS at positions 4 and 11 at 30kmph (LTE-like)

	Channel
	CDL-A 50ns

	HPA
	Polynomial with IBO=-8dB

	Transmission scheme
	SIMO with analog DFT beamforming

	Phase noise
	Pole-Zero model, param. set A (R1-163984 [7])

	Residual CFO
	+/- 0.1ppm

	Channel estimation
	realistic

	Equalizer
	MMSE



Let us consider a pattern formed of X chunks of K sample each. The following patterns and estimation methods were employed:
· For Chunk-based pre-DFT PTRS insertion with K>1. Within each chunk, phase is estimated through averaging, and linear interpolation is performed between chunks 
· Possible patterns are presented in Figure 19
· For distributed pattern PTRS insertion X times K=1
· PTRS samples are uniformly distributed, equally spaced before DFT
· Phase estimation is obtained either through linear interpolation or through least squares regression 
· From complexity point of view, both of these methods are more complex than the estimation used for the chunk-based patterns with K>1 and the same overhead
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