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1 Introduction

This contribution discusses various aspects of DMRS design for V2X. The following agreements were reached:
Agreements: [1]
· 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.

Demodulation reference signals (DMRS) are primarily used to obtain a reliable channel estimation for coherent signal demodulation. The number of DMRS in time and frequency domains is a trade-off between channel estimation quality and DMRS overhead depending on the current channel conditions. In NR the number of DMRS is semi-statically configured to the UE through RRC signalling. The gains of dynamic signalling did not justify the additional control overhead. 

However, the V2X environment is very different and more dynamic. For instance:

· Relative vehicle speeds can vary quickly requiring fast DMRS adaptation in time-domain for efficient resource utilization.
· In group-cast scenarios, the network would have to reconfigure the DMRS pattern for the entire group to the worst-case conditions which can lead both to a significant DMRS and signalling overhead.

· In other scenarios, vehicles may be in close proximity to each other where the propagation channel has a strong line-of-sight component. Here, the DMRS density in frequency-domain may be reduced to optimize resource utilization or to be utilized for additional orthogonal antenna ports.
Therefore, dynamic DMRS allocation in both time and frequency should be considered, e.g. as part of the SCI.
Observation 1: V2X environment requires flexible DMRS design where DMRS density can be quickly adapted in both time and frequency domains.

2 Flexibly DMRS density in time-frequency domain
It has been agreed to use the DMRS defined for NR Rel-15 PDSCH/PUSCH as a starting point for the sidelink DMRS design. There are two DMRS configurations defined, Type1 and Type2. Assuming single-symbol DMRS, Type1 supports up to 4 antenna ports and Type2 up to 6 antenna ports, where Type1 has a higher DMRS density than Type2 (1/2 vs 1/3). 
To further reduce the DMRS density in frequency domain while reusing the existing NR Rel-15 DMRS design for PDSCH/PUSCH, techniques that only transmit every second or third DMRS RE can be considered (see [2] for more details).
Proposal 1: Consider NR Rel-15 DMRS overhead reduction in frequency domain through density reduction techniques.

NR Rel-15 also defines the parameter dmrs-AdditionalPosition which is signaled as part of the DMRS-config and indicates how many OFDM symbols of the transmission contain DMRS. Rel-15 DMRS configuration is semi-static but sidelink will need dynamic adaptation of DMRS configuration. Thus, the semi-static DMRS configuration of Rel-15 needs to be made dynamic to handle sidelink scenarios. A parameter similar to dmrs-AdditionalPosition can be reused in the sidelink to dynamically adapt the number of DMRS symbols depending on the current channel conditions. The exact positions should be further studied but also here, the PUSCH DMRS design can serve as a starting point.
Proposal 2: Consider dynamic signaling of the number of additional DMRS positions in time-domain, e.g. via SCI.
If DMRS patterns are signaled dynamically, it can be beneficial to define DMRS patterns depending on sub-carrier spacing (SCS). Transmission with high sub-carriers spacing require less DMRS symbols in time-domain. Hence the signaling overhead can be reduced when DMRS patterns are optimized for different sub-carrier spacings, e.g. one set for high and low SCS.
Proposal 3: Consider DMRS time-frequency patterns/densities depending on sub-carrier spacing.
3 Conclusion
In this contribution, the following observations and proposal have been put forward:
Observation 1: V2X environment requires flexible DMRS design where DMRS density can be quickly adapted in both time and frequency domains.

Proposal 1: Consider DMRS overhead reduction in frequency domain through density reduction techniques.

Proposal 2: Consider dynamic signaling of the number of additional DMRS positions in time-domain, e.g. via SCI.

Proposal 3: Consider DMRS time-frequency patterns/densities depending on sub-carrier spacing.
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