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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]At the RAN1 #84 meeting, DMRS enhancements for PSBCH were discussed. The following working assumption was taken [1]:
Agreements:
· For PSBCH, reuse the same reference signal type that will be agreed for PSSCH and PSCCH
· DMRS density for PSBCH is FFS between 2 and 3 symbols per 1 ms.
· PSSS/SSSS location is not changed.
The DMRS design for PSSCH and PSCCH is discussed in a companion contribution [2], in which we propose to confirm the WA that the PUSCH DMRS structure is used for PSSCH/PSCCH. In this contribution, we compare the performance of different DMRS options of PSBCH using link level simulations, especially for the extreme high speed 500km/h scenario. Based on that, we propose to use 3 or 4 DMRS symbols per subframe for V2V PSBCH. For the 500km/h scenario, 4 DMRS symbols per subframe is recommended.
DMRS for PSBCH
In Rel-12 D2D, both discovery and communication are supported. For terminals participating in discovery, only SLSS is transmitted. For terminals participating in communication, both SLSS and PSBCH are transmitted and are multiplexed in one subframe. There are two reasons that SLSS should not be used for demodulation. First, when the received SLSS has interference from UEs transmitting only SLSS, channel estimation based on the received SLSS should not be used for the PSBCH because the received PSBCH is not interfered by UEs only transmitting SLSS. Second, it is possible that UEs from two adjacent cells have same DMRS sequence but different SLSS so that the received channel estimates based on DMRS and SLSS are different. Therefore, the PSBCH channel estimation needs to be based on DMRS symbols. 
Proposal 1: Channel estimation of PSBCH should be based on DMRS only and not use the SLSS

DMRS patterns
It was agreed in the RAN1 #84 meeting to have either 2 or 3 DMRS symbols per subframe structure. However, the WID [3] was revised to support 500km/h. Therefore, we also include 4 symbols in our analysis to see if it brings any benefits in extremely high speed scenarios. 
We evaluate several DMRS options with either 3 or 4 DMRS symbols per subframe, as shown in Figure 1.



[bookmark: _Ref440371586][bookmark: _Ref446316903]Figure 1. Illustration of DMRS patterns for PSBCH

Simulation results 
In this section, the performance of the DMRS patterns in Figure 1 is evaluated. The parameter settings for PSBCH evaluation are listed in Table 1. The same CFO setting as for PSCCH/PSSCH is assumed. The SLSS sequence generation is the same as for D2D. The frequency offset estimation algorithm described in [4] is used. The results of 30km/h and 280km/h are shown in Figure 2 while the results of 500km/h are in Figure 3.
Figure 2 shows that the legacy D2D DMRS structure does not work well for a high carrier frequency, especially in the high speed scenario. The DMRS patterns of Figure 1 are robust in both low and high speed conditions and for both frequency offset models. In all the simulated scenarios, the 4 DMRS pattern has the best performance overall. That is because that more DMRS symbols can achieve better channel estimation performance, which can compensate the lost of higher coding gain. For the high speed scenario, the performance gain of the 4 DMRS pattern over the 3 DMRS pattern is about 0.5dB. For that scenario, 3 DMRS would be applicable. 
Figure 3 shows that in the case of 500km/h there is error floor for 3 DMRS patterns barely below 1% BLER. No error floor is seen for 4 DMRS and it has the best performance. Note that while the error floor with 3 DMRS is low (at 0.1% BLER), and may not be that significant for this scenario, it may become an issue for other channels. It is also proposed to use the 4 receive antennas to support 500km/h for PSSCH/PSCCH in [2]. It can also be applied to PSBCH. The result shows that the performance gain for 4 receive antennas is larger than 3dB and the error floor can be lowered. With 4 RX antennas, 3 DMRS can be used with relatively little degradation compared with 4 DMRS. 
Based on the results, we have the following proposals
Proposal 2: For V2V PSBCH
1. 4 DMRS are used if 2 RX antennas only is supported
1. 3 DMRS are used if 4 RX antennas are used

30km/h and 280km/h
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	[bookmark: _Ref442349673]Figure 2. Performance evaluation for PSBCH in dedicated carrier scenario



500km/h
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	[bookmark: _Ref446339134]Figure 3. Performance evaluation for PSBCH in dedicated carrier scenario



Conclusions
DMRS design of V2V PSBCH is discussed in this contribution. Four DMRS patterns are given and evaluated in different scenarios. Especially, the performance of DMRS patterns for 500km/h is evaluated. Based on the results, the following proposals are given.
Proposal 1: Channel estimation of PSBCH should be based on DMRS only and not use the SLSS
Proposal 2: For V2V PSBCH
1. 4 DMRS are used if 2 RX antennas only is supported
1. 3 DMRS are used if 4 RX antennas are used
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Appendix A: Simulation setting
[bookmark: _Ref442349616]Table 1. Parameter setting of link level simulation
	Parameters
	Assumptions

	General parameters:
	

	System bandwidth
	10 MHz

	Carrier frequency
	6 GHz

	Channel model
	ITU-R UMi NLOS 

	Antenna configuration
	1 antenna @ transmitter
{2,4} antennas @ receiver

	UE relative speed
	{30, 280, 500} km/h

	Number of transmissions
	1

	CFO
	B1 (case B + case 1); A2 (case A + case 2); 

	Frequency offset estimation
	Half length sequence correlation in time domain

	Channel estimation 
	Linear interpolation

	
	

	PSBCH parameters: 
	

	TBS
	40 bits

	Modulation
	QPSK

	PRB number
	6
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