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1 Introduction
The SI phase has concluded that multiple DMRS patterns in time domain are supported for the PSSCH [1]. While we see a need for adjusting DMRS patterns depending on the subcarrier spacing [2], supporting multiple patterns per resource pool can have significant impacts on the link performance, due potential collision of data symbols of one transmission with DMRS symbols of another transmission. In this contribution we present some initial evaluations to shed some light on the issue.
[bookmark: _Ref178064866]2	Discussion
2.1	The issue of data – DMRS collision
In general, receiver algorithms utilize the orthogonality between different DMRS sequences in order to separate them and subsequently perform channel estimation. This is typically the case when the DMRS patterns of two (fully or partly) overlapping transmission are the same. However, when their DMRS patterns mismatch, data symbols from one transmission can collide with DMRS symbols from the other transmission, breaking the orthogonality (since data symbols do not have the special properties of DMRS sequences). As a result, the channel estimation can suffer. One example is given in Figure 1, where the two transmissions align at two DMRS symbols at the edges but not two in the middle.
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[bookmark: _Ref5107243]Figure 1: Two UEs configured with different DMRS but transmitting in the same resources.

Note that this collision can materialize into different losses, e.g.:
· Loss of data rate of one or both transmissions (depending on how the DMRS patterns mismatch).
· Loss of reliability of one or both transmissions.

[bookmark: _Toc7779822]DMRS to data collision may impact the channel estimation performance and in the end link performance in terms of reliability and throughput.

In the following section we present some numerical evaluations on the impact on link performance.
2.2	Link level simulation results on cross-link interference
To investigate the impact of un-coordinated, non-orthogonal, DMRS transmissions within a resource group, link level simulations were performed. The results were obtained by adding crosslink interference (an aggressor), with a given signal to interference ratio (SIR), at the receiver of a user (victim) receiving a PSSCH transmission. 
Two scenarios were considered, where the victim is configured with 1+3 DMRS in both cases
1. The aggressor is configured with a 1+3 DMRS (i.e., a front-loaded DMRS plus 3 additional DMRS), all orthogonal to the DMRS of the victim, resulting in no data to DMRS collisions
2. The aggressor is configured with a 1+1 DMRS, orthogonal to the DMRS of the victim, resulting in data to DMRS collisions in the mid two DMRS positions. As depicted in Figure 1.

The simulation parameters used for the evaluation can be found in Table 1 and the resulting block error rate (BLER) is shown in Figure 2 for three different coding and modulation schemes.  
As can be seen, for the scenario under investigation, the impact on performance is relatively small. For the case of QPSK and code rate R=0.2, the gains by orthogonalizing the DMRSs of the two UEs is in the order of 0.5dB. Having said that, we have done no extensive evaluation of the impact in different scenarios, and there may also be certain use cases where the impact may be greater, e.g., as mentioned earlier if DMRS were to be chosen for CSI feedback calculations. Also, for applications or channels with strict requirements on reliability, the ability to reduce interference on DMRS may be of essence. For example, in case the DMRS being interfered by data belongs to a control channel.
[bookmark: _Toc7779823]For the simulated scenarios, limited degradation on data rate of the victim is seen. However, further study and evaluations need to be done for other scenarios and in terms of reliability.
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[bookmark: _Ref3977476]Figure 2: Link level simulation results showing throughput performance for different levels of SIR
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	DMRS to data collision may impact the channel estimation performance and in the end link performance in terms of reliability and throughput.
Observation 2	For the simulated scenarios, limited degradation on data rate of the victim is seen. However, further study and evaluations need to be done for other scenarios and in terms of reliability.
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Appendix: Simulation assumptions

[bookmark: _Ref7600555]Table 1: Simulation settings for the evaluation 
	Parameters
	Values

	Carrier frequency
	6 GHz

	Allocation
	8 PRBs

	Subcarrier spacing
	30 kHz

	Carrier frequency offset
	0 ppm

	DMRS configuration
	Victim: DMRS 1+3, no FDM with Data (comb 2)
Aggressor: DMRS 1+1 or  DMRS 1+3 (Figure 1)

	Channel estimation using DMRS
	Non-ideal (MMSE filter in freq., linear interpolation in time)

	HARQ feedback 
	None

	MCS 
	Victim: [QPSK R=0.2, 16QAM R=0.2, 64QAM R=0.7]
Aggressor: QPSK

	Waveform
	CP-OFDM

	Number of layers
	1

	Number of Tx antennas
	1 (single polarization used)

	Number of Rx antennas
	1 (two polarization used)

	Receiver type
	MRC

	Channel model
	CDL-based V2V channels in TR 37.885:
Victim link:       NLOS, [-100, 40] km/h
Aggressor link: NLOS, [40, 40] km/h

	Traffic model
	Full buffer
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