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1 Introduction

The following agreement was made in RAN#83 Anaheim meeting [1]:

The following resource allocation principles are deemed necessary for PC5-based V2V:
· Working assumption is to increase DMRS density to 4 symbols per 1ms with reusing PUSCH DM RS sequence in each physical sidelink channel except for PSBCH. 
· FFS the number and location of DMRS in PSBCH

This contribution evaluates the applicability of Rel-13 DMRS for PSBCH and shows that enhancements are required to the Rel-13 PSBCH design for DMRS.  
2 PSBCH considerations
Since PSBCH is an important channel to attain synchronization in Mode 2 operation, it is critical to ensure it operates reliably for V2V under high mobility and low SNR conditions. The following considerations were made in the design for PSBCH for V2V.

(1) Re-use Rel-13 D2D structure for the PSBCH design, as first priority, re-using the placement of the DMRS/PSSS and SSSS symbols, if it meets V2V requirements. If  not, find minimum  enhancements  needed for the design 

(2) If enhancements are needed, the following optimization criteria is suggested:

a. optimize design for typical CFO ( uniform distribution between +0.1 and -0.1 ppm offset at each UE) while making sure it works for worst case offset (i.e. it does not floor).

b. Since there are only 7 SC-FDMA symbols for PSBCH transmission in the subframe in Rel-13 D2D, try moving the DMRS locations first to see if we can meet the performance requirements by simply re-locating the DMRS. This can keep the same coding rate as Rel-13. 
c. If simply adjusting locations of the 2 DMRS symbols does not meet requirements, consider not using PSBCH symbols that may exceed the coherence time of the channel

d. Finally, consider adding additional DMRS symbols. 

Proposal #1:  Adopt the mentioned evaluation criteria to evaluate PSBCH design for V2V  

3 Simulations with example cases

The following 5 cases are simulated to evaluate PSBCH performance as shown in TABLE 1. 

TABLE 1
	Case
	DMRS location (starting at #0)
	Motivation for consideration

	1
	(#3, #10)
	Rel-13 D2D: Spacing 7 – Baseline

	2
	(#5, #8)
	Spacing 3 – Rel-13 DMRS moved 2 symbols on each side of baseline

	3
	(#3, #10) with symbol 0 unused
	Rel-13 D2D – Baseline with symbol 0 not used for PSBCH

	4
	(#3, #6, #10)
	Rel-13 D2D with additional DMRS symbol at #6

	5
	(#3, #6, #10) with symbol 0 unused
	Rel-13 D2D with additional DMRS symbol at #6, and with symbol 0 unused


The LLS simulation assumptions and the channel estimation method used are provided in the Appendix. 

The following 4 simulations are provided for the example cases considered:
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Figure 1 Evaluating PSBCH performance for V2V (worst case CFO)
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Figure 2 Evaluating PSBCH performance for V2V (280 km/h)
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Figure 3 Evaluating PSBCH performance for V2V (100 km/h)
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Figure 4 Evaluating PSBCH performance for V2V (3 km/h)

The following observations can be made from the simulations:

(1) There is almost no difference in performance between worst case and typical case CFO, if Figure 1 and Figure 2 are compared with each other. This is because the CFO estimation is not done using the DMRS as for PSSCH but using the PSS and SSS sequence repetitions which are adjacent  – providing a good CFO estimate even under high Doppler.  

(2) While at low to medium Doppler speeds (< 100 km/h) shown in Figure 3 and Figure 4,  there is not significant difference between the cases (< 1 dB), there is a significant difference between Case 5 and other cases at 280 km/h  (3 dB seen at 1% BLER) as can be seen from Figure 1 and Figure 2.  
Note that further performance improvements could be achieved by considering more sophisticated receiver processing algorithms. 

Proposal #2: Enhance Rel-13 PSBCH for V2V communication by considering increased DMRS density and/or change in DMRS locations.
4 Conclusions
The following proposals are made:
Proposal #1:  Adopt the mentioned evaluation criteria to evaluate PSBCH design for V2V  

Proposal #2: Enhance Rel-13 PSBCH for V2V communication by considering increased DMRS density and/or change in DMRS locations.
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Appendix A. Channel estimation method
1. RX UE estimates the frequency channel response from the DMRS symbols and for both Rx antennas.

2. RX UE calculates the frequency-averaged phase rotation rate by using the synchronization signal (PSSS and SSSS) repetitions to estimate the CFO. Averaging done across antennas as well. 
3. RX UE compensates the received frequency signal of data symbols and the estimated frequency channel response of DMRS symbols by phase rotation rate 

4. RX UE estimates the frequency channel response of data symbols by averaging estimated channel of compensated received frequency channel of DMRS symbols. 
a. Averaging DMRS used to improve SNR as PSBCH needs to operate at low SNR.

b. Low complexity MRC receiver implementation assumed – no sophisticated tracking or interpolation used
Appendix B. LLS simulation assumptions
	Parameters
	Assumptions

	System bandwidth
	10 MHz

	Carrier frequency
	6 GHz

	Channel model
	ITU-R UMi NLOS model, channel changed every simulation point

	Antenna configuration
	Tx 1 antenna
Rx 2 antennas 

	UE relative speed
	{3, 100, 280} km/h

	Modulation
	QPSK

	Transport Block Size
	40 bits (+ 16 bit CRC) 

	Channel coding
	TBCC 

	PRB
	6 PRBs with 12 subcarriers per RB.

	DFT-OFDM symbols/subframe
	Min: 5, Max: 7

	CFO
	Typ. : uniform between [-600: 600] KHz per UE, Worst: 1200 KHz

	AGC
	Ideal

	GP
	Yes

	Number of transmissions
	2 times

	Transmission time
	1 sub-frame

	CFO estimator
	Non-ideal  -- Frequency domain  (requires arc-tangent, add, division)

	Channel estimator
	Non-ideal – Frequency domain MRC for 2 antennas (requires add, multiplies and division)

	Timing
	Ideal
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