3GPP TSG-RAN WG1 Meeting #94bis	 R1-1811605
Chengdu, China, October 2018	(Resubmission of R1-1809305)

Agenda Item:	7.2.4.1.5 
Source:	Ericsson
Title:	Link level simulations of DMRS design for NR V2X 
Document for:	Discussion
1	Introduction
RAN plenary #80 approved a study item on NR V2X [1]. This study item targets, among other objectives, identifying technical solutions for a NR sidelink design to meet the requirements of advanced V2X services. 
One of the key components of technical solutions for V2X communication is the reference signals for channel state acquisition at the receiver (i.e. DMRS). We describe the details on DMRS in [2] and in this paper, we give link level results for one of the design options (i.e. frequency first mapping similar to LTE V2X design).
[bookmark: _Ref189046994]2	Initial evaluations and discussions
2.1	Simulation setup
We consider the baseline physical layer format of an NR SL slot (14 OFDM symbols) as described in [2]. We further assume in our simulations that the PSSCH consists of 10 symbols, from the 4th to the 13th symbol in the baseline format, as illustrated in Figure 1.
[image: ]
[bookmark: _Ref521591953]Figure 1: Simulation setup of DMRS for PSSCH 
The DMRS used for our evaluation is placed in the 1st, the 4th, the 7th, and the 10th symbol of the PSSCH, i.e., the 4th, the 7th, the 10th, and the 13th symbol of the baseline slot format. We use comb-2 for the DMRS and the remaining subcarriers are used for data. For these initial conclusions, we use the V2V channel model specified in TR36.885 (LTE V2X). 
The remaining simulation assumptions are captured in Table 1 in the Appendix.
2.2 	Simulation results
To capture the impact of DMRS on the channel estimation performance, we investigate the BLER vs. SNR at different relative UE speeds and subcarrier spacings. 
[image: X:\tahiti_v2v_link_20180220\results\templates\Figures_RAN1_94\15kHz_QPSK_0p5_CFO_0_ID335045.emf]
[bookmark: _Ref521591939]Figure 2: BLER vs. SNR for subcarrier spacing 15 kHz, QPSK code rate ½
[image: X:\tahiti_v2v_link_20180220\results\templates\Figures_RAN1_94\30kHz_QPSK_0p5_CFO_0_ID335049.emf]
[bookmark: _Ref521591946]Figure 3: BLER vs. SNR for subcarrier spacing 30 kHz, QPSK code rate ½
As can be observed from Figure 2 and Figure 3, a subcarrier spacing of 30 kHz combined with the DMRS structure in Figure 1, provide good performance even at very high relative speeds. Note that the subcarrier spacing has a big impact on the performance since the larger the value, the shorter the distance between two consecutive DMRS symbols, which results in more accurate channel estimation. Specifically, at 15 kHz subcarrier spacing the time interval between the two consecutive DMRS symbols appears too big to capture the channel at relative speed of 500 km/h (Figure 2), while at 30 kHz spacing the DMRS’s are dense enough  to give good performance (Figure 3). 
[bookmark: _Toc518050246]To summarize, our results show that the DMRS structure (as in Figure 1) is a good candidate for DMRS of the PSSCH. We also show that 30kHz numerology performs better in terms of channel estimation. 
[bookmark: _Toc521592515][bookmark: _Toc521592612][bookmark: _Toc521592967][bookmark: _Toc521593326][bookmark: _Toc525928939]DMRS structure for PSSCH in Figure 1 provides acceptable reliability.
[bookmark: _Toc521592516][bookmark: _Toc521592613][bookmark: _Toc521592968][bookmark: _Toc521593327][bookmark: _Toc518050249][bookmark: _Toc525928940][bookmark: _GoBack]For 5.9 GHz, 30 kHz subcarrier spacing with 4 DMRS provides acceptable reliability in high-speed scenarios. 
3	Conclusion
In the previous section, we made the following observations: 
Observation 1	DMRS structure for PSSCH in Figure 1 provides acceptable reliability.
Observation 2	For 5.9 GHz, 30 kHz subcarrier spacing with 4 DMRS provides acceptable reliability in high-speed scenarios.
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5	Appendix: Link level simulation assumptions
[bookmark: _Ref518045290]Table 1: Simulation assumptions for DMRS evaluation
	Parameters
	Values

	Carrier frequency
	6 GHz

	Subcarrier spacing
	15 kHz, 30 kHz

	Carrier frequency offset
	0 ppm

	Channel estimation
	Non-ideal

	Waveform
	CP-OFDM

	Delay spread
	100 ns

	Number of layers
	1

	Number of Tx antennas
	2

	Number of Rx antennas 
	2

	Receiver type
	MRC

	Channel model
	V2V channel in TR 36.885 (LTE V2X)
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