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1 Introduction
At the RAN #82b meeting, DMRS enhancements for V2V were discussed. It was agreed to use SC-FDM as the baseline and to reuse the PUSCH DMRS structure. The four following options were identified as potential candidates [1]:
· Reuse PUSCH DMRS
· Other options are not precluded, i.e., 

· PUSCH DMRS with Comb (similar as structure of SRS)
· New DMRS patterns spread over time and frequency, that may be frequency multiplexed with DFT-precoded data at least in some symbols
· Increased subcarrier spacing
In this contribution, we compare by means of link level simulations each of these four options. We also provide a complexity analysis of each of these options. Based on this analysis, we propose to adopt the following option: Reuse PUSCH DMRS
2 Description of each option
In this section, we provide a short description of each of the options 

2.1 Option 1: reuse PUSCH DMRS

With this option, the DMRS density is increased in the time domain so that the time between adjacent DMRS symbols is less than the coherent time. This enables the receiver to be able to track the channel changes occurring in one subframe. With this option, 4 DMRS symbols per subframe can be used, as illustrated in Figure 1 [2]. 
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Figure 1 illustration of 4 DMRS pattern

2.2 Option 2: Comb structure

With this option, 4 comb-type DMRS symbols with 3 symbol space of adjacent DMRS symbols are used in each subframe. For this DMRS structure, time signal is repeated twice within a DMRS OFDM symbol. Phase offset can be estimated by comparing these two repeated signal. An illustration of this DMRS pattern is shown in Figure 2 [3,4].
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Figure 2 illustration of comb-type DMRS pattern
2.3 Option 3: Horizontal DMRS pattern
With this option, DMRS is mapped to every OFDM symbol and only 1/6 subcarrier is used for DMRS. Data is firstly DFT precoded and then mapped to the IDFT inputs, together with the DMRS. One illustration of this DMRS pattern is shown in Figure 3 [5].
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Figure 3 illustration of horizontal DMRS pattern
2.4 Option 4: short symbol DMRS pattern
Compared to option1 which increases DMRS density by increasing the number of DMRS symbols within one subframe, this option increases subcarrier spacing from 15kHz to 30kHz. Then the symbol duration of one subframe is reduced from 1ms to 0.5ms. With existing LTE PUSCH DMRS structure, the duration between 2 DMRS symbols will be reduced from 0.5ms to 0.25ms, which effectively increases the DMRS density in time domain. One illustration is shown in Figure 4 [6]. 
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Figure 4 illustration of Short Symbol DMRS pattern
3 Evaluation scenario

The evaluation parameters are given in Table 1. For the simulation assumption of CFO, we use the agreement in RAN1 that frequency error is in the range of ±0.1 PPM when eNB is assumed as synchronization source. Since link performance is evaluated, only one transmission is used. The evaluation is conducted for one low relative speed (30 km/h), and one high relative speed (280 km/h). The first and last symbols of the subframe are not used: the first symbol is used for AGC setting, the last symbol is used as guard time.
Table 1 parameter setting of link level simulation
	Parameters
	Assumptions

	System bandwidth
	10 MHz

	Carrier frequency
	6 GHz

	Channel model
	ITU-R UMi NLOS 

	Antenna configuration
	1 antenna @ transmitter
2 antennas @ receiver

	UE relative speed
	{30, 280} km/h

	Modulation
	QPSK, 16-QAM

	TBS of PSSCH
	{190, 300, 800} bytes

	Coding rate
	1/4 (QPSK), 1/2 (QPSK and 16-QAM)

	Number of transmissions
	1

	CFO
	1200Hz

	Channel estimation 
	Linear interpolation


4 Evaluation results

In this section, results for a 300-byte packet size are shown. Results for 190 bytes and 800 bytes are shown in the Appendix. For ‘2V 30kHz’ case, the total system PRB number is 25 for 10MHz bandwidth. Therefore, the results for ‘2V 30kHz’ is not provided when the packet would occupy more than 25 PRBs.  
Different DMRS pattern are simulated and compared, and are labeled as follows:

· 4V: DMRS pattern option1, 4 DMRS symbols per subframe. Frequency offset is estimated by comparing phase shift of adjacent DMRS symbols. 
· 4V comb: DMRS pattern option 2, 4 comb-type DMRS symbol per subframe. Frequency offset is estimated by comparing phase shift of repeated signal in time domain per DMRS symbol. 
· 2V 30kHz: DMRS pattern option 3, sub-carrier spacing increased to 30kHz, 2 DMRS symbols per subframe. Frequency offset is estimated by comparing phase shift of 2 DMRS symbols.
· 2H: DMRS pattern option 4, 2 ‘horizontal’ DMRS per subframe. No frequency offset estimation.
· 4V filter: same DMRS pattern as 4V with different receiver. Frequency offset is estimated by comparing phase shift of adjacent DMRS symbols and filtered across subframes. Alpha filter is used for frequency offset filtering with parameter setting alpha=0.1. 1-D Wiener filter is used for channel estimation in time domain. Doppler shift is estimated to generate Wiener filter coefficients.
The results show that ‘2H’ and ‘4V filter’ have robust performance in all the simulated scenarios. Furthermore, considering that higher Cubic Metric of ‘2H’ (Compared to ‘4V’, CM of ‘2H’ is 1.2dB higher in QPSK, and 0.8dB higher in 16QAM [8]), ‘4V filter’ has better or comparable performance than ‘2H’ except in case of 16QAM 1/2 coding rate with 280km/h 
Observation 1: ‘4V filter’ and ‘2H’ have better performance in the simulated scenarios. 
· QPSK 1/4
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· QPSK 1/2

	[image: image7.png]BLER

1x2,, 300bytes, 20PRB, 6GHz, UMI NLOS,CFO=1200Hz,30km/h

—e— 4V filter





	[image: image8.png]1x2,, 300bytes, 20PRB, 6GHz, UMI NLOS,CFO=1200Hz,280km/h

—e— 4V filter







· 16QAM 1/2
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5 Other considerations

The legacy architecture for UEs has to be considered for the selection of the DMRS option. Increasing the DMRS density per subframe and adding an Alpha filter and Wiener filter is a simple change at the receiver side. On the other hand, changing the numerology (option 2V 30 kHz), or introducing horizontal pilots (options 2 H) would require significant changes. 
Observation 2: increasing the DMRS density or reusing the SRS structure require minor changes at the receiver

Considering the performance/simplicity trades-off, it seems that increasing the DMRS density is the most promising effort: it requires little change at the receiver and performs better than the comb pilot option. Compared with the 2H option, performance is similar for QPSK. There is a hit in performance for 16-QAM in high mobility scenarios, but in such a case, QPSK could be used with little impact on system performance: in high mobility scenarios, the UE vehicle density is generally not high. Thus, while using QPSK consumes twice as much resources as 16-QAM, we do not anticipate this to be a problem since there should be enough resources for all QPSK transmission.

Proposal: reuse existing DMRS PUSCH structure with 4 DMRS symbols per subframe

6 Conclusions
Different DMRS pattern are compared by means of link level simulations. Based on the results, the following observations are made
Observation 1: ‘4V filter’ and ‘2H’ have better performance in the simulated scenarios. 
Observation 2: increasing the DMRS density or reusing the SRS structure require minor changes at the receiver

Considering the trade-off between performance and receiver architecture change, we propose the following:
Proposal: reuse existing DMRS PUSCH structure with 4 DMRS symbols per subframe
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Appendix: performance for 190-byte and 800-byte packet
· 190 Bytes
· QPSK 1/4
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· QPSK 1/2
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· 16QAM 1/2
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· 800 Bytes

· QPSK 1/2
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· 16QAM 1/2
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