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In the WG1 #95 meeting, the following were agreed on for the physical layer structure [1].
Agreements:
· 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.

Agreements:
· For PSCCH/PSSCH in FR1, NR V2X supports normal CP for 15kHz, 30kHz, 60kHz, and extended CP for 60kHz.
· FFS extended CP for 30 kHz in FR1.
· FFS CP for PSCCH/PSSCH in FR2
· E.g., NR V2X supports normal CP for 60kHz and 120kHz, and extended CP for 60kHz
· FFS extended CP for 120 kHz in FR2.
· Only one combination of CP length and SCS is used in a carrier at a given time for NR V2X UEs communicating with each other using SL

In this contribution, we present link level simulation results and discuss the DMRS design for NR V2X.

Evaluation Results

In the simulations, the BLER are evaluated by varying the MCS level, number of DMRS symbols, subcarrier spacing, and relative vehicular speed. Specifically, the following parameters are used:
MCS: MCS1 (QPSK), MCS10 (16QAM), MCS17 (64QAM)
Relative vehicular speed: 3km/h, 120km/h, 280km/h, 500km/h
SCS: 15 kHz, 30 kHz, 60 kHz
The two slot formats with two and four DMRS symbols and the DMRS configuration are shown Figure 2‑1.
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(a) Slot formats                      (b) DMRS configuration
[bookmark: _Ref528887996]Figure 2‑1 Evaluated slot formats
The simulation assumptions are given in Table 1 of the Appendix.

Results with 2 Symbol DM-RS
In Figure 2‑2 to Figure 2‑4, BLER results with two DMRS symbols are illustrated. We can see from Figure 2‑2 that with QPSK and 15 kHz SCS, the BLER suffers from an error floor when UE relative speed is 280 km/h or 500 km/h. When the SCS is increased to 30 kHz, the BLER with 280 km/h is improved significantly while for 500 km/h, 60 kHz SCS is needed. Similar observations are valid for 16QAM as can be seen in Figure 2‑3.
When the MCS level is increased and 64QAM is used, even at 120 km/h, there is about 2 dB degradation at the 10-1 BLER rate. With 30 kHz, on the other hand, the BLER with 280 km/h suffers a 4 dB degradation while the BLER at 500 km/h is almost one.
Observation 1: With two DMRS symbols, the BLER at high speeds and lower MCS levels improves with larger subcarrier spacing.
Observation 2: With two DMRS symbols, for high order modulation such as 64QAM, there is a BLER degradation even with 60 kHz SCS.
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[bookmark: _Ref528842664]Figure 2‑2 Two symbol DMRS MCS1 (QPSK)
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[bookmark: _Ref528843430]Figure 2‑3 Two symbol DMRS MCS10 (16QAM)
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[bookmark: _Ref528842672]Figure 2‑4 Two symbol DMRS MCS17 (64QAM)

Results with 4 Symbol DM-RS
In Figure 2‑5 to Figure 2‑7 , BLER results with four DMRS symbols are illustrated. We can see from Figure 2‑5 that with QPSK and 15 kHz SCS, the BLER with 500 km/h is substantially worse and for all other cases the BLER at the 10-1 point is very similar. One interesting observation in these results is that, with larger SCS, the performance gets slightly better as the vehicular speed increases. This can be explained by the fact that higher speeds provide more diversity while denser DMRS and higher SCS improve the channel estimation accuracy and limits the inter-carrier interference, respectively. Similar observations are also valid for 16QAM and 64QAM as can be seen in Figure 2‑6 and Figure 2‑7, respectively.
Observation 3: With four DMRS symbols, the BLER at high speeds and high MCS levels improves with larger subcarrier spacing.
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[bookmark: _Ref528845104]Figure 2‑5 Four symbol DMRS MCS1 (QPSK)
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[bookmark: _Ref528845735]Figure 2‑6 Four symbol DMRS MCS10 (16QAM)
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[bookmark: _Ref528845107]Figure 2‑7 Four symbol DMRS MCS17 (64QAM)

Discussion
We can see from the simulation results that depending on the UE relative speed and MCS levels, the required DMRS density may be different. For example, two symbol DMRS with large SCS is sufficient for low-to-medium modulation orders while high DMRS density of four symbols is required for high speed and high order modulation. Since increasing the DMRS density reduces spectral efficiency, it is desirable to reduce DMRS density when it is possible. Consequently, it is beneficial to have an adaptive DMRS configuration where the configuration is based on the transmission parameters (e.g., SCS, MCS, etc.,) and data QoS requirements such as latency, reliability and priority.
Proposal 1: NR V2X sidelink should study flexible DMRS patterns and dynamic adaptation. 
It can be seen from the results that the BLER performance suffers significantly for 15 kHz SCS as the vehicular speed increases due to the inter-carrier interference caused by high Doppler. Although using 60 kHz SCS at all times seems to bring acceptable performance, according to the agreement [1] all three SCS (15 kHz, 30 kHz, 60 kHz) have to be supported for FR1. As larger SCS reduces the OFDM symbol duration, for high delay spread channels, the cyclic prefix overhead may increase, resulting in reduced spectral efficiency. 
Due to the high inter-carrier interference at lower SCS, new transmission schemes and DMRS design approaches that are robust to high Doppler are needed. As an example, DMRS may need to be transmitted at every OFDM symbol multiplexed with data so that the channel estimate may be used to cancel the ICI using an advanced receiver. To reduce the impact of the ICI among the subcarriers of an OFDM symbol, DMRS symbols and data symbols may be separated with zero-power subcarriers. If DFT-s-OFDM is supported for V2X sidelink, pre-DFT DMRS may be considered to increase the DMRS time density.
Proposal 2: Consider robust DMRS design alternatives to enhance the performance with small SCS and high Doppler.

Conclusion
In this contribution, we provided an evaluation of link level BLER results and provided a discussion on DMRS design for NR V2X. The following observations and proposals have been made:
Observation 1: With two DMRS symbols, the BLER at high speeds and lower MCS levels improves with larger subcarrier spacing.
Observation 2: With two DMRS symbols, for high order modulation such as 64QAM, there is a BLER degradation even with 60 kHz SCS.
Observation 3: With four DMRS symbols, the BLER at high speeds and high MCS levels improves with larger subcarrier spacing.
Proposal 1: NR V2X sidelink should study flexible DMRS patterns and dynamic adaptation.
Proposal 2: Consider robust DMRS design alternatives to enhance the performance with small SCS and high Doppler.
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Appendix
Table 1 Simulation assumptions
	Parameter
	Value

	Carrier frequency
	6 GHz

	Bandwidth
	6 RB

	Channel 
	CDL 100A

	MCS
	MCS1 (QPSK), MCS10 (16QAM), MCS17 (64QAM)

	Waveform
	CP-OFDM

	Subcarrier Spacing
	15/30/60 kHz

	Slot/DMRS format
	As shown in Figure 2‑1

	CP length
	Normal CP

	Frequency synchronization error
	Not modeled

	Time synchronization error
	Not modeled

	UE relative speed
	3/120/280/500 km/h

	UE receiver algorithm
	MMSE

	Number of Tx/Rx antennas
	2 Tx, 2Rx with fixed precoding (1 layer)
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