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Introduction
In this contribution, we present our proposals to maintain the PT-RS sections in the Release 15  NR standards. Our main concerns are with respect to the PT-RS for DFT-s-OFDM.
Pi/2-BPSK sequence generation for PT-RS
In TS 38.211, subclause 6.4.1.2.1.2, for DFT-s-OFDM, the PT-RS signal is defined as


We find that such Pi/2 BPSK modulation definition appears different from the one defined for PUSCH in clause 5.1.1 of TS 38.211 as 


Note that due to the mod 2 operation, the phase of a Pi/2 BPSK symbol in PUSCH can be only either 0 or Pi/2, while the phase of a PT-RS symbol can be 0, Pi/2, Pi, or -Pi/2, depending on the sample index m. When PT-RS is multiplexed with PUSCH, the phase change from a Pi/2 BPSK PUSCH symbol to an adjacent PT-RS symbol can be up to Pi, which ruins the low PAPR property of Pi/2 BPSK. Consequently, we propose to revise the sequence generaton equation for PT-RS as follows.
Proposal 1: In subclause 6.4.1.2.1.2 of TS 38.211, modify the sequence generation equation as








PT-RS pattern for 
In the last meeting, the following agreement has been made regarding the PT-RS pattern for DFT-s-OFDM to reduce the impact of the edge effect.
Agreement: For chunk size K=2, support the following insertion pattern 
· The samples in DFT domain are divided in X intervals, and the chunks are located in the middle of each interval (n=floor(M/(2X))-1))

In TS 38.211, we find that the first row in Table 6.4.1.2.2.2-1 does not accurately capture the agreement. Note that based on the current description, the PT-RS chunks only appear in the first half of the pre-DFT sequence, and what is worse, the first chunk is placed in the very beginning of the sequence, i.e., the region that suffers most from the edge effect. Therefore, we request the following change in TS 38.211.
Proposal 2: Revise the first row of Table 6.4.1.2.2.2-1 in TS 38.211 as follows
	
Number of 
PT-RS groups

	
Number of samples per PT-RS group

	

Index  of PT-RS samples in OFDM symbol  prior to transform precoding

	2
	2
	


 where 




PT-RS pattern for 


Our simulation results in [2] showed that (1) for the purpose of phase tracking, the beginning and last few samples in the pre-DFT sequence suffer most from the edge effect; and (2) approximately 1 dB gain in receiver EVM can be achieved in the medium to high SNR regime simply by not putting the PT-RS samples in those affected regions, e.g. the beginning and tail samples of the sequence. Note that in the current patterns for , the first and last chunk of PT-RS are inserted exactly in the very begnning and tail of the pre-DFT sample sequence. Therefore, we propose to modify the current PT-RS insertion pattern for a chunk size as
· The samples in DFT domain are divided in X intervals, and the chunks are located in the middle of each interval

One additional benefit of the proposed change is that the patterns of different chunk sizes will then follow the same rule.

Proposal 3: To reduce the impact from the edge effect, for chunk size , the samples in DFT domain are divided in X intervals, and the chunks are located in the middle of each interval. Consequently, Table 6.4.1.2.2.2-1 in TS 38.211 should be revised as 
[bookmark: _Hlk498342295]Table 6.4.1.2.2.2-1: PT-RS symbol mapping.
	
[bookmark: _Hlk500849359]Number of 
PT-RS groups

	
Number of samples per PT-RS group

	

Index  of PT-RS samples in OFDM symbol  prior to transform precoding

	2
	2
	


 where 

	2
	4
	

 where 



 where 

	4
	2
	


  where 

	4
	4
	


 where




  where 

	8
	4
	

 where





  where 



Conclusion
Proposal 1: In subclause 6.4.1.2.1.2 of TS 38.211, modify the sequence generation equation as


Proposal 2: Revise the first row of Table 6.4.1.2.2.2-1 in TS 38.211 as follows
	
Number of 
PT-RS groups

	
Number of samples per PT-RS group

	

Index  of PT-RS samples in OFDM symbol  prior to transform precoding

	2
	2
	

 where 




Proposal 3: To reduce the impact from the edge effect, for chunk size , the samples in DFT domain are divided in X intervals, and the chunks are located in the middle of each interval. Consequently, Table 6.4.1.2.2.2-1 in TS 38.211 should be revised as 
Table 6.4.1.2.2.2-1: PT-RS symbol mapping.
	
Number of 
PT-RS groups

	
Number of samples per PT-RS group

	

Index  of PT-RS samples in OFDM symbol  prior to transform precoding

	2
	2
	

 where 

	2
	4
	

 where 

	4
	2
	


  where 

	4
	4
	


  where 

	8
	4
	


  where 
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