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In the WG1 #95 meeting, the following were agreed on for the physical layer structure [1].
Agreement: 
· At least CP-OFDM is supported.
· Continue study on whether to support DFT-S-OFDM including the potential issues and the following potential benefit:
· Synchronization coverage enhancement
· PSCCH coverage enhancement, e.g., with Option 2 of PSCCH/PSSCH multiplexing with the restriction that PSCCH and PSSCH use adjacent frequency resources
· Feedback channel coverage enhancement
· A single waveform is used in all the sidelink channels in a carrier.
· Note: A sequence based channel can be supported in any waveform.
· (Pre-)configuration will be used to determine the used waveform if the specification supports multiple waveforms.

It is well known that DFT-s-OFDM has lower PAPR compared to CP-OFDM, resulting in smaller back-off and less non-linear distortion when a power amplifier (PA) is used. In this contribution, we present link level simulation results to compare CP-OFDM and DFT-s-OFDM waveforms with a polynomial PA model [2] incorporated into the simulation.

Evaluation Results
The BLER performance of CP-OFDM and DFT-s-OFDM are compared using the simulation assumptions given in the Appendix. Specifically, the BLER is evaluated when there is no PA and when the target output power of the PA is set to one of 25 dBm, 26 dBm, or 27 dBm. Two different allocation sizes of 5 and 15 RBs are used, and the relative speed is set to 30 km/h or 280 km/h.
Figure 2‑1 and Figure 2‑2 illustrate the BLER for 5 and 15 RBs with 30km/h UE speed. In addition, Table 1 provides the gain of DFT-s-OFDM over CP-OFDM at 10-1 BLER level. The results show that CP-OFDM outperforms DFT-s-OFDM without PA. But with PA, the gain of DFT-s-OFDM increases with increasing output power, reaching to 3.5 dB when the target output power is set to 27 dBm. We can also see that the gain is slightly less with a larger allocation size because CP-OFDM provides higher coding gain in a more selective channel.
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[bookmark: _Ref534896098]Figure 2‑1 BLER comparison with 30 km/h and 5 RBs
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[bookmark: _Ref534896100]Figure 2‑2 BLER comparison with 30 km/h and 15 RBs


[bookmark: _Ref534896193]Table 1 Gain (dB) of DFT-s-OFDM over CP-OFDM at 10-1 BLER
	
Allocation size
	Target output power

	
	No PA
	25 dBm
	26 dBm
	27 dBm

	5 RB
	-0.9
	0.7
	2.1
	3.5

	15 RB
	-1.4
	0.34
	1.8
	3.5




Figure 2‑3 and Figure 2‑4 illustrate the BLER for 5 and 15 RBs with UE speed 280km/h while Table 2 provides the gain of DFT-s-OFDM over CP-OFDM at 10-1 BLER level. The results show that CP-OFDM outperforms DFT-s-OFDM without PA. As the output power is increased, however, the gain of DFT-s-OFDM increases, reaching to about 3 dB when the target output power is set to 27 dBm. It is noticeable that the gain of DFT-s-OFDM is reduced slightly with the increased Doppler.
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[bookmark: _Ref534896888]Figure 2‑3 BLER comparison with 280 km/h and 5 RBs
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[bookmark: _Ref534896897]Figure 2‑4 BLER comparison 280 km/h and 15 RBs


[bookmark: _Ref534897017]Table 2 Gain (dB) of DFT-s-OFDM over CP-OFDM at 10-1 BLER (280 km/h)
	
Allocation size
	Target output power

	
	No PA
	25 dBm
	26 dBm
	27 dBm

	5 RB
	-1.5
	0.1
	1.4
	2.9

	15 RB
	-1.6
	-0.6
	1.4
	3.3




The results presented above show that the performance of DFT-s-OFDM can offer much better tolerance to nonlinear PA and, therefore, it can provide significantly larger coverage by using higher Tx power than CP-OFDM due to smaller PAPR.

Conclusion
In this contribution, we provided an evaluation of CP-OFDM and DFT-s-OFDM waveforms using link level BLER results that incorporated the impact of a nonlinear PA. Based on the results, we propose the following:
Proposal 1: DFT-s-OFDM is supported in V2X sidelink.
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Appendix
Table 3 Simulation assumptions
	Parameter
	Value

	Carrier frequency
	4 GHz

	Bandwidth
	5 RB, 15 RB

	Channel 
	CDL 100A

	MCS
	QPSK, ½ code rate

	Waveform
	CP-OFDM, DFT-s-OFDM

	Subcarrier Spacing
	30 kHz

	Slot format
	
[image: ]
DMRS are mapped to every other subcarrier

	CP length
	Normal CP

	Frequency synchronization error
	Not modeled

	Time synchronization error
	Not modeled

	UE relative speed
	30 km/h, 280 km/h

	Channel estimation
	Realistic

	UE receiver algorithm
	MMSE

	PA MODEL
	Polynomial [2], target output power set to 25, 26, 27 dBm

	Number of Tx/Rx antennas
	1 Tx, 2Rx 
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