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[bookmark: _Ref513464071]Introduction
In the WG1 #94bis meeting, the following were agreed on for the physical later structure and procedures [1].
Agreements:
· NR sidelink supports the SCSs supported by Uu in a given frequency range, i.e., {15, 30, 60 kHz} in FR1 and {60, 120 kHz} in FR2.
· FFS the supported CP length
· Baseline is that a UE is not required to receive sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels
· Baseline is that a UE is not required to transmit sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels
Continue discussion on the waveform till next meeting – companies are encouraged to perform more analysis/evaluations.
Agreements:
For PSCCH and associated PSSCH multiplexing
· At least one of Option 1A, 1B, and 3 is supported.
· FFS whether some options require transient period between PSCCH and PSSCH.
· FFS whether to support Option 2

In the RAN1#NR-AH-1901, the following agreements were reached [2].
Agreements:
· Multiple DMRS patterns in time domain are supported for PSSCH
· FFS: Whether a DMRS pattern is selected based on the subcarrier spacing
· FFS: Single or multiple DMRS pattern(s) per a resource pool
· FFS: How TX UE and RX UE can be aligned in terms of the DMRS pattern used for PSSCH
· FFS: RE mapping, sequence generation
· Continue to study DMRS pattern in frequency domain for PSSCH
· E.g. Whether multiple patterns are supported, whether PDSCH/PUSCH DMRS configuration 1 or 2 is reused.

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

In the simulations, the BLER with various MCS levels, number of DMRS symbols, subcarrier spacings, and vehicular speeds are evaluated. Specifically, the following parameters are used:
MCS: MCS13 (16QAM, ~½), MCS22 (64QAM, ~2/3)
Relative vehicular speed: 6km/h, 240km/h, 500km/h
SCS: 30 kHz, 60 kHz
The two slot formats with two and four DMRS symbols and two DMRS configurations (Type 1 and Type 2) are shown Figure 2‑1.
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(a) Slot formats                         (b) DMRS configuration per RB
[bookmark: _Ref528887996]Figure 2‑1 Evaluated slot formats
The simulation assumptions are given in Table 1 of the Appendix.

Results with Two Symbol DM-RS, Type 1 & Type 2
In Figure 2‑2 to Figure 2‑5, BLER results with two DMRS symbols are illustrated. Each of these figures compare BLER performance when two DMRS symbols of Type 1 and Type 2 configuration are assumed, for both 30 kHz and 60 kHz sub-carrier spacings (SCS), and when NR V2X CDL channel models are used (Urban LOS (UL) and Highway LOS (HL)). We can see from the figures that with Type 1 or Type 2 DMRS configurations the BLER performance is mostly the same, or slightly worse for Type 2. 
Both MCS suffer from a BLER error floor above 10% BLER when relative UE speed is 240 km/h or 500 km/h for 30 kHz SCS, but much of the flooring is eliminated for MCS 13 (16QAM) when 60 kHz SCS is used. The BLER flooring drops below 10% BLER with 60 kHz SCS for MCS 13 at the highest Doppler, but a BLER performance degradation as high as 2dB at the 10% BLER is still seen in some cases. The BLER flooring remains an issue for MCS 22 (64QAM) staying above 10% BLER even with 60 kHz SCS and at high SNR.
Observation 1: With two DMRS symbols, the BLER performance for Type 1 and Type 2 configuration was mostly the same or slightly worse for Type 2.
Observation 2: With two DMRS symbols, to avoid BLER flooring above 10%, larger subcarrier spacing was needed with higher MCS, at high speeds.
Observation 3: With two DMRS symbols, for high order modulation such as 64QAM, there was BLER flooring above 10% even with 60 kHz SCS.

 2-2a: CDL UL 6 km/h	  		2-2b: CDL UL 240 km/h  	     2-2c: CDL UL 500 km/h
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[bookmark: _Ref1115552]Figure 2‑2 Two symbol DMRS MCS13 (16QAM) CDL UL
 2-3a: CDL UL 6 km/h	  		2-3b: CDL UL 240 km/h  	     2-3c: CDL UL 500 km/h
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Figure 2‑3 Two symbol DMRS MCS22 (64QAM) CDL UL

 2-4a: CDL HL 6 km/h	  		2-4b: CDL HL 240 km/h  	     2-4c: CDL HL 500 km/h
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Figure 2‑4 Two symbol DMRS MCS13 (16QAM) CDL HL
 2-5a: CDL HL 6 km/h	  		2-5b: CDL HL 240 km/h  	     2-5c: CDL HL 500 km/h
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[bookmark: _Ref1143940]Figure 2‑5 Two symbol DMRS MCS22 (64QAM) CDL HL

Results with Four Symbol DM-RS, Type 1 & Type 2
In Figure 2‑6 to Figure 2‑9, BLER results with four DMRS symbols are illustrated. Each of these figures compare BLER performance when four DMRS symbols of Type 1 and Type 2 configuration are assumed, for both 30 kHz and 60 kHz sub-carrier spacings (SCS), and when NR V2X CDL channel models are used (Urban LOS (UL) and Highway LOS (HL)). We can see from the figures that with Type 1 or Type 2 DMRS configurations the BLER performance is mostly the same, or slightly worse for Type 2, similar to the results with two DMRS symbols. 
With four DMRS symbols, we did not see a BLER error floor above 10% BLER for either MCS at higher UE speeds. In a few cases, for MCS 13 (16QAM), four symbol DMRS was enough to mitigate the impact of high Doppler without the need for 60 kHz SCS, but most cases required 60 kHz SCS to reduce bring the 10% BLER performance to within 2 dB of low Doppler result. All of these four symbol DMRS cases, for both MCS (16QAM and 64QAM), were able to meet reach 10% BLER below 30 dB SNR.

Observation 4: With four DMRS symbols, the BLER performance for Type 1 and Type 2 configuration was mostly the same or slightly worse for Type 2.
Observation 5: With four DMRS symbols, to reach 10% BLER below 30 dB SNR, larger subcarrier spacing was needed.
 2-6a: CDL UL 6 km/h	  		2-6b: CDL UL 240 km/h  	    2-6c: CDL UL 500 km/h
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[bookmark: _Ref1144289]Figure 2‑6 Four symbol DMRS MCS13 (16QAM) CDL UL
 2-7a: CDL UL 6 km/h	  		2-7b: CDL UL 240 km/h  	    2-7c: CDL UL 500 km/h
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Figure 2‑7 Four symbol DMRS MCS22 (64QAM) CDL UL

 2-8a: CDL HL 6 km/h	  		2-8b: CDL HL 240 km/h  	    2-8c: CDL HL 500 km/h
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[bookmark: _Hlk1115468]Figure 2‑8 Four symbol DMRS MCS13 (16QAM) CDL HL
 2-9a: CDL HL 6 km/h	  		2-9b: CDL HL 240 km/h  	    2-9c: CDL HL 500 km/h
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[bookmark: _Ref1144316]Figure 2‑9 Four symbol DMRS MCS22 (64QAM) CDL HL

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 medium modulation orders at lower speed while high DMRS density of four symbols is required for high speed and higher 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 and traffic parameters.
Since little BLER performance difference was seen been Type 1 and Type 2 DMRS, it may be more practical for NR V2X to support only Type 1 DMRS.
It can be seen from the results that the BLER performance can still suffer significantly for moderate SCS, e.g. 30 kHz, as the vehicular speed increases due to the inter-carrier interference high Doppler causes. Although using 60 kHz SCS 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. 
Observation 6: Adaptive DMRS resource allocation is beneficial to optimize the trade-off between spectral efficiency and performance.
Observation 7: Robust DMRS design approaches are needed for low SCS and high vehicular speed.

Proposal 1: For NR V2X, DMRS Type 1 configuration is sufficient.
Proposal 2: For NR V2X, should allow for adaptive DMRS configuration based on the transmission and traffic parameters.

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 have been made:
Observation 1: With two DMRS symbols, the BLER performance for Type 1 and Type 2 configuration was mostly the same or slightly worse for Type 2.
Observation 2: With two DMRS symbols, to avoid BLER flooring above 10%, larger subcarrier spacing was needed with higher MCS, at high speeds.
Observation 3: With two DMRS symbols, for high order modulation such as 64QAM, there was BLER flooring above 10% even with 60 kHz SCS.
Observation 4: With four DMRS symbols, the BLER performance for Type 1 and Type 2 configuration was mostly the same or slightly worse for Type 2.
Observation 5: With four DMRS symbols, to reach 10% BLER below 30 dB SNR, larger subcarrier spacing was needed.
Observation 6: Adaptive DMRS resource allocation is beneficial to optimize the trade-off between spectral efficiency and performance.
Observation 7: Robust DMRS design approaches are needed for low SCS and high vehicular speed.

Proposal 1: For NR V2X, DMRS Type 1 configuration is sufficient.
Proposal 2: For NR V2X, should allow for adaptive DMRS configuration based on the transmission and traffic parameters.
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Appendix
[bookmark: _Hlk1056715]Table 1 Simulation assumptions
	Parameter
	Value

	Carrier frequency
	5.9 GHz

	Bandwidth
	15 RB

	Channel 
	CDL: Urban Grid LOS (UL), Highway LOS (HL)

	MCS
	MCS13 (16QAM, ~½), MCS22 (64QAM, ~2/3)

	Waveform
	CP-OFDM

	Subcarrier Spacing
	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
	6/240/500 km/h

	UE Channel Estimator
	2DMMSE with ideal estimate of UE’s Doppler

	UE receiver algorithm
	MMSE

	Number of Tx/Rx antennas
	1 Tx, 2Rx
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