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Introduction
During RAN1 Ad-hoc #2, RAN1 captured the following working assumption regarding UL phase tracking RS for DFT-s-OFDM. 
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

This contribution considers UL PT-RS for DFT-s-OFDM. 
Discussion on PT-RS schemes for post DFT-s-OFDM 
We show below three potential post DFT-s-OFDM schemes for PT-RS insertion. 



Figure 1 Post-DFT PTRS insertion: Scheme 1

In scheme -1, the data of size M-k, is passed through an M-k point DFT and then k PT-RS symbols are appended to these M-k point DFT signal and finally passed to the IFFT block. There is no loss of information of the data symbols in this mechanism. However the main drawback of this mechanism is that the size of the DFT must be changed dynamically based on the size of PT-RS allocations which can be varied based on gNB configuration. 


Figure 2 Post-DFT PTRS insertion- Scheme 2
In Scheme-2, M length data signal is passed through an M point DFT and then k locations of these DFT output are punctured (either localized manner or distributed, for simplicity the figure shows localized puncturing). There is trivially loss of information in this mechanism as some of the M points of the DFT signal which carry information about the actual time domain signal are lost. However the benefit of this scheme is that the DFT size is kept constant irrespective of the allocation size of PT-RS. The EVM of this signal will be the highest compared to the other schemes due to loss of information. 


Figure 3 Post-DFT PTRS insertion- Scheme 3
Finally, in scheme -3, is a hybrid of schemes – 1 and 2 wherein an M-k length data signal is passed through a M-point DFT. k locations of these M point DFT output are punctured to insert the k-PTRS symbols. Note that there is only a very small loss of information incurred in this setting as there are only M-k data symbols and will be retained in the M-k DFT outputs. Therefore the benefit of this scheme is that the DFT size is maintained constantly to M irrespective of the PTRS allocation size. Further there is no loss of information. Hence, compared to schemes – 1 and 2, scheme -3 seems more promising. 
A comparison of the PAPR of this scheme-3 with other well-known mechanisms is shown below -
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Figure 4 PAPR plots: QPSK, 32 PRBs with density of 1 PTRS per PRB.
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Figure 5 PAPR plots: QPSK, 32 PRBs with density of 1 PTRS per 2 PRBs.
	

 It is seen that the proposed scheme – 3 has very marginal PAPR increase over conventional single carrier mechanisms and can be considered for various flexibilities it offers for the PTRS insertions. 
Conclusions
Several post-DFT insertion schemes for PTRS are possible for UL DFT-s-OFDM PTRS insertion. The pros and cons of these various schemes may be further analyzed.
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