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1
Introduction
In this contribution we present our view on PSBCH design for V2V communication. 
· In Section 2 we discuss the DMRS positions for PSBCH
· In Section 3 we discuss the issue of supporting higher speed

· In Section 4 we discuss the choice of synchronization period
· In Section 5 we conclude the contribution
2
DMRS positions for PSBCH
According to the email discussion [1] the following possible DMRS positions (with normal CP) are to be evaluated.

· Option 1: (#3,#6,#10)  – Add 1 DMRS symbol to baseline (Fig. 1)
· Option 2: (#3, #6, #9) – Equal spacing

· Option 3: (#4, #6, #9) – Avoid neighboring symbol SSSS in power transient period, no interruption with legacy D2D PSBCH DMRS

We use the simulation assumptions agreed in [1]. In particular, the Rx UE has an initial frequency offset randomly chosen between -5ppm and 5ppm (for 6GHz carrier frequency this means that the frequency offset is between -30kHz and 30kHz). The frequency offset is estimated using PSSS, and then compensated for in other symbols before decoding PSBCH. The channel estimation algorithm for decoding PSBCH is the same baseline algorithm for PSSCH/PSCCH decoding described in [3]. The Tx and Rx UEs move towards each other with 140km/h each.
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Figure 1: Synchronization signal (Option 1) with normal CP
As shown in Table 1, the performance of all three options are quite similar when BLER is around 1%. The performance of Option 3 is slight worse. However, we prefer Option 3 since the DMRS symbols do not collide with the DMRS symbols in D2D PSBCH, and it avoids the power transition before SSSS.

Proposal 1: Use Option 3 DMRS position for V2V PSBCH.
Table 1: PSBCH Performance with different DMRS positions (when BLER is close to 1%)

	SNR (dB)
	BLER

	
	Option 1
	Option 2
	Option 3

	4
	0.025
	0.010
	0.050

	5
	0.010
	0.005
	0.015


3
Support for higher speed

During RAN#71 the V2V WID was updated to include higher speeds up to 250km/hr. The following was added to the V2V WID [4].

“The outcome of this work item should be able to support a relative speed of up to 500 km/h with enhancements/changes (e.g., adaptation of code-rate, the DMRS mapping/structure) (if necessary) to the physical layer structure designed for the relative speed up to 280 km/h.”
If two vehicles move towards each other with 250km/h, the relative speed is 500km/h. Fig. 2(b) shows that the performance with 250km/h is considerably worse: at 2dB SNR, 4 synch periods are needed to decode PSBCH with probability 0.99, whereas in Fig. 2(a) with 140km/h, 2 synch periods are needed to decode PSBCH with probability 0.99. Also, Fig. 2(c) shows that the performance under 250km/h does not improve much at 16dB SNR, because the bad performance is due to inaccurate channel interpolation at high speed instead of SNR. 
Observation 1: Under 500km/h relative speed, the performance of PSBCH degrades. 
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(a) 140km/h, SNR=2dB




(b) 250km/h, SNR=2dB
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(c) 250km/h, SNR=16dB

Figure 2: Link-level performance of V2X synch signal
4
Synchronization signal period

The choice of synchronization signal period requires the consideration of several factors. We think the most important factors include 

· Link level performance

· Clock drift 

· Acquisition time

· Resource overhead
A smaller synch signal period leads to shorter acquisition time and less clock drift, whereas a larger period reduces resource overhead. 

100ms synch period seems to achieve a good balance. According to Fig. 2(a), at 280km/h relative speed and 2dB SNR, after two synch periods, PSSS/SSSS are captured and PSBCH is decoded with high probability 0.99. So the acquisition time is about 200ms. Also, the amount of time between adjacent successful synchronizations (i.e., capture of PSSS/SSSS and decoding of PSBCH) is also lower than 200ms with high probability. During the 200ms, the clock drift can be upper-bounded as follows. Since the maximum error due to drift is ±[0.1] ppm per second, the additional frequency error at any time within the 200ms is less than 0.02ppm. Therefore the additional timing error after 200ms is less than 4ns. Finally, the overhead is much lower than D2D synch signals with a period of 40ms and should be acceptable.
To avoid collisions with D2D synch resource and align with the boundary of 10240 SFN, multiples of 40ms close to 100ms can also be considered. 
Proposal 2: Use 100ms as the synchronization period for V2V. Multiple of 40ms close to 100ms can also be considered.
5
Conclusion

In this contribution we presented our view on DMRS for PSBCH and V2V synch period. We made the following proposals.
Proposal 1: Use Option 3 DMRS position for V2V PSBCH.
Observation 1: Under 500km/h relative speed, the performance of PSBCH degrades. 
Proposal 2: Use 100ms as the synchronization period for V2V. Multiple of 40ms close to 100ms can also be considered.
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