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Introduction
During RAN1 #90bis, RAN1 captured the following working assumption regarding UL phase tracking RS for DFT-s-OFDM. 
Agreement:
For chunk-based pre-DFT PTRS insertion for DFTsOFDM with X chunks of size K={2,4}, support the following
For K=2, the samples in DFT domain are divided in X intervals, and the chunks are located in each interval in samples n to n+K-1  where the n is FFS
For K=4, the samples in DFT domain are divided in X intervals, where in the first interval the chunk is placed in the Head (first K samples), in the last interval the chunk is placed in the Tail (last K samples), and in the rest of intervals the chunk is placed in the middle of each of the two intervals
For PTRS for DFT-s-OFDM, support a RRC parameter « UL-PTRS-frequency-density-transform-precoding » indicating a set of thresholds T={NRBn,n=0,1,2,3,4}, per BWP that indicates the values of X and K the UE should use depending on the scheduled BW according to the table below
	Scheduled BW
	X x K

	NRB0NRB NRB1
	2x2

	NRB1 NRBNRB2
	2x4

	NRB2NRBNRB3
	4x2

	NRB3NRBNRB4
	4x4

	NRB  NRB4
	Yx4


FFS default UE behaviour before RRC configuration, if needed
FFS value of Y (if different than 4)
FFS whether thresholds are MCS dependent
Note: NRB0 can be equal to 0; when NRB0 is larger than 0, no PTRS is present for allocations less than or equal to NRB0
Note: The use of a specific pattern can be disabled by setting NRBi=NRBi+1 on the corresponding line in the previous table
Possible PTRS presence/absence is configured through an RRC parameter « UL-PTRS-present-transform-precoding » 
Time-domain PTRS density is configured by an RRC parameter « UL-PTRS-time-density-transform-precoding » where supported time densities are L_{PT-RS}={1,2}
Note: Time-domain pattern depends on DM-RS positions using the same principle as agreed for CP-OFDM PTRS mapping
FFS: Whether to introduce (K=1, X=16) and the impacts on existing design. If supported, K={1,2,4} is supported and the following applies
The samples in DFT domain are divided in X intervals, and the chunks (K=1) are located in the middle of each interval
(K=1, X=16) applies when NRB4<NRB NRB5, and Yx4 applies for NRB  NRB5

This contribution considers UL pre-DFT PT-RS insertion for DFT-s-OFDM. 
Discussion on pre-DFT PT-RS insertion for DFT-s-OFDM 
2.1. Chunk based distribution vs. non-chunk based distribution
In previous meeting, it was agreed that chunk size K can be {2, 4}. K=1 is FFS. There is discussion for chunk-based distribution with non-chunk based distribution for pre-DFT PT-RS insertion as shown figure 1. 
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Figure 1. Example on non-chunk-based and chunk-based distribution in pre-DFT region
Figure 2 shows the BLER performance for pre-DFT PT-RS insertion with chunk and non-chunk based distribution. We use the 8RB, 24RB, 32RB scheduled RBs, 64QAM, 120kHz sub-carrier spacing, and TDLC channel. Also, we assume that all chunks are uniformly distributed in total DFT-s-OFDM samples as shown figure 3. ‘Pre C2L2’ means 2 chunks with 2 localized PT-RS. In all case, ‘L1’ means the non-chunk based distribution. We show that chunk based distribution and non-chunk based distribution have similar BLER performance. 
Observation 1: Chunk based distribution shows similar BLER performance to non-chunk based distribution 
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Figure 2. BLER performance comparison of chunk-based distribution and non-chunk-based distribution 
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Figure 3. Example on chunk-based extensively uniform distribution in pre-DFT region

2. 
2.1. 
2.2. Design aspect of chunk-based PT-RS insertion
In previous meeting, it is agreed that the each chunk for K=2 or K=4 can be located as follows
· For K=2, the samples in DFT domain are divided in X intervals, and the chunks are located in each interval in samples n to n+K-1 where the n is FFS
· For K=4, the samples in DFT domain are divided in X intervals, where in the first interval the chunk is placed in the Head (first K samples), in the last interval the chunk is placed in the Tail (last K samples), and in the rest of intervals the chunk is placed in the middle of each of the two intervals

Figure 4 shows that the BLER performance of pre-DFT PT-RS for DFT-s-OFDM according to various chunk location. We use the X=2 and K=2 chunk based pre-DFT PT-RS insertion. In our simulation results, we can show that the Alt. 1 has the worst BLER performance. The Alt 2, Alt 3, and Alt 4 have the similar BLER performance. 
Observation 2: For X=2 and K=2 chunk based distribution, the chunk location with head/tail of DFTsOFDM symbols has worst BLER performance
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Figure 4. BLER performance comparison of chunk location

Conclusions
This contribution discusses on UL PT-RS in CP-OFDM and DFT-s-OFDM. The observations are as follows:
Observation 1: Chunk based distribution shows similar BLER performance to non-chunk based distribution 
Observation 2: For X=2 and K=2 chunk based distribution, the chunk location with head/tail of DFT-s-OFDM symbols has worst BLER performance
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