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Introduction
[bookmark: _Hlk86740649][bookmark: _Hlk510705081]This contribution evaluates the potential of PTRS enhancements for DFT-s-OFDM.
Discussion
[bookmark: _Hlk86739923]Background
In RAN1#106-e, it was agreed that
Agreement:
[bookmark: _Hlk86740334]Further study and conclude on whether to introduce (Ng = 16, Ns = 2, L = 1) and/or (Ng = 16, Ns = 4, L = 1) for DFT-s-OFDM by RAN1#106b.
· Note: Ng number of PT-RS groups, Ns number of samples per PT-RS group, and PTRS every L number of DFT-s-OFDM symbols
· FFS applicable to which RB allocation(s) if agreed to introduce (Ng = 16, Ns = 2, L = 1) and/or (Ng = 16, Ns = 4, L = 1)

In RAN1 #106bis-e, there was no consensus achieved regarding the PTRS enhancements for DFT-s-OFDM, and the following conclusion was drawn:
Conclusion:
There’s no consensus in RAN1 to introduce (Ng = 16, Ns = 2, L = 1) and/or (Ng = 16, Ns = 4, L = 1) for NR operation in FR2-2 with DFT-s-OFDM in Rel-17.
· Note: Ng number of PT-RS groups, Ns number of samples per PT-RS group, and PTRS every L number of DFT-s-OFDM symbols

Based on that, we believe that PTRS enhancements are not part of Rel-17, even though they could improve the DFT-s-OFDM performance of higher order modulations significantly. However, majority of companies see the PTRS enhancements as potential option to improve the performance especially for high order modulations.
In the next section, we provide the performance results and show the potential of PTRS enhancements.
[bookmark: _Hlk86740111]PTRS enhancements
In Rel-15/16, there are five different PTRS configurations for DFT-s-OFDM (according to Table 6.2.3.2-1 in [1] copied below, and we refer to these patterns using numbering from 1 to 5 here). The chosen configuration is based on the bandwidth thresholds indicated in PTRS-UplinkConfig, and also time-domain (symbol) density can be configured to occur in every symbol (L=1) or every second symbol (L=2).
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Rel-15 configurations perform well up to a certain PRB allocation size and MCS. However, it seems that for large MCSs some new PTRS configurations are needed. It is because the Rel-15 configuration was determined to achieve similar performance as CPE compensation of CP-OFDM PTRS.
In RAN1#106-e, two new PTRS patterns were considered, i.e., introduce (Ng = 16, Ns = 2, L = 1) and/or (Ng = 16, Ns = 4, L = 1). However, this only defines the number of PTRS groups and group size. The actual patterns can be done in different ways:
· Increasing number of groups to 16, by using extension of Conf. 5 in Table 6.4.1.2.2.2-1 of TS38.211 (16x2 and 16x4)	
· Increasing number of groups to 16, by using extension of Conf. 3 in Table 6.4.1.2.2.2-1 of TS38.211 (16x2 and 16x4)	
· Increasing number of groups to 16 using evenly distributed PTRS groups (16x2 and 16x4)
· Increasing number of groups to 16 using the proposed mapping unit with X=1/2, which is explained next


New PTRS mapping unit:
[bookmark: _Hlk83909201]In the existing Rel-15 specification, the PTRS patterns are mapped to a single DFT-s-OFDM symbol. One enhancement option is to introduce new PTRS patterns by means of adaptive PTRS mapping unit in terms of fraction or multiple of DFT-s-OFDM symbols. Let X be the defined allocation unit
· PTRS patterns can be mapped to part of the DFT-s-OFDM symbol or multiple DFT-s-OFDM symbols
· If X<1, PTRS pattern is mapped over part of one DFT-s-OFDM symbol
· If X>1 PTRS pattern is mapped over more than one DFT-s-OFDM symbol

Examples of the proposed mappings are shown in Figure 1, where PTRS patterns in Table 6.4.1.2.2.2-1 of TS38.211 are calculated for full symbol, half symbol, or two symbols. We observe the flexibility to obtain various different patterns using the proposed approach. For example, X=0.5 maps the PTRS patterns in Table 6.4.1.2.2.2-1 over half a symbol and this pattern can be repeated twice per symbol. 
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[bookmark: _Ref69822004]Figure 1. Example showing all current 5 PTRS patterns mapped using legacy PTRS (top), proposed method with X=0.5 (middle), and proposed method with X=2 (bottom).

Performance evaluation

In Table 1, the PUSCH performance of DFT-s-OFDM is compared for 64-QAM. In the results herein, we use the maximum overhead configuration (8 PTRS groups, 4 samples per group) as a baseline, and compare different PTRS configurations in addition to this. The used PN compensation method is simple interpolation between the PTRS blocks. The following patterns are compared:
· Rel-15 PTRS pattern 8x4, i.e., Conf. 5 in Table 6.4.1.2.2.2-1 of TS38.211
· Increasing number of groups to 16, by using extension of Conf. 5 in Table 6.4.1.2.2.2-1 of TS38.211 (16x2 and 16x4)	
· Increasing number of groups to 16, by using extension of  Conf. 3 in Table 6.4.1.2.2.2-1 of TS38.211 (16x2 and 16x4)	
· Increasing number of groups to 16 using evenly distributed PTRS groups (16x2 and 16x4)
· Increasing number of groups to 16 using the proposed mapping unit with X=1/2

Table 1 is showing 10% BLER SNR and PTRS overhead in each case. It is observed that the proposed approach using 8x4, X=1/2, achieves 1.2dB gain over existing 8x4 configuration, while 16x2 achieves 0.8dB gain. 
Observation 1. Increasing the number of PTRS groups to 16 by the proposed fractional mapping can provide 1.2dB gain using 4 samples per group, and 0.8dB gain using 2 samples per group over existing 8x4 pattern when using MCS22.
Observation 2. PTRS enhancements can improve the performance of higher order modulations significantly.


[bookmark: _Ref79053337]Table 1. Comparison of different PTRS patterns using SCS=120kHz, BW=400MHz, and MCS22, Tdl-a 10ns.
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Conclusion
In this contribution, we evaluated the potential of PTRS enhancements for DFT-s-OFDM. The following points have been observed
Observation 1. Increasing the number of PTRS groups to 16 by the proposed fractional mapping can provide 1.2dB gain using 4 samples per group, and 0.8dB gain using 2 samples per group over existing 8x4 pattern when using MCS22.
Observation 2. PTRS enhancements can improve the performance of higher order modulations significantly.
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Table 6.2. 3 .2 - 1 : PT - RS  group  pattern as a function of  scheduled bandwidth  

Scheduled bandwidth  Number of  PT - RS groups  Number of samples    per PT - RS group  
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TDL - A 10ns  Existing  Conf 5  Extending Conf.  5 in  Table  6.4.1.2.2.2 - 1 of  TS38.211  Extending Conf. 3  in  Table  6.4.1.2.2.2 - 1 of  TS38.211  PTRS evenly  distributed over  the symbol  Proposed  mapping   ( X=1/2 ,  fractional  mapping )  

PTRS  config.  8x4  16x2  16x4  16x2  16x4  16x2  16x4    8x2  8x4    

SNR  @   10%  BLER     M CS22  19.0  18.1  17.8  18.3  18.2  18. 6  18.7  18.2  17.8  

Gain over  existing  pattern  (dB)   MCS22  0  0.9  1.2  0.7  0.8  0.4  0.3  0.8  1.2  

SNR  @   10%  BLER   M CS24  -  -  22. 9  -  23.6  -  22.9  -  22.9  

PTRS  overhead  per data  symbol  1.04%  1.04%  2.08%  1.04%  2.08%  1.04%  2.08%  1.04%  2.08%  

 


