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1. Introduction
In RAN 1_84, the following agreement was made (see [1]): 

· 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.

· Synchronization resource period for this new PSBCH format/synchronization signal is X(FFS) ms.

· Companies are encouraged to investigate the PSBCH periodicity from 40 ~ 640.

· Email discussion for evaluation assumptions and criterion, including the RS location options until 3rd March – (Samsung)  
Further more, we consider the update to the WID [2] made in the RAN plenary to consider the 500 km/h use case for PSBCH transmissions.
The outcome of this work item should be able to support a relative speed of up to 500 km/h with enhancements/changes (if necessary) to the physical layer structure designed for the relative speed up to 280 km/h.
This contribution provides evaluation results for PSBCH based on the email discussion.
2. Simulation results
Based on the email discussion [3], the following 3 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,#6,#10) 
	Add 1 DMRS symbol to baseline

	2
	(#3, #6, #9)
	Equal spacing

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


Given that the legacy PSSS/SSSS locations are not changed, we observe the possibility of the channel estimation for the first symbol can have significant error in high mobility case. Hence, we study 2 possibilities:

· Case 1, Case 2, Case 3: where data is transmitted in 6 PSBCH symbols in the sub-frame with DMRS locations as specified in Table 1.
· Case 1p, Case 2p, Case 3p:  where data is transmitted in 5 PSBCH symbols.  The first symbol is not used for PSBCH transmission. 
The LLS simulation assumptions and the channel estimation method used are provided in the Appendix. The following simulations are provided for the cases considered:
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FIGURE 1:  500 km/h relative speed (SNR = 9 dB at 1% BLER)
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FIGURE 2:  280 km/h relative speed (SNR = 5 dB at 1% BLER)
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FIGURE 3: 100 km/h (SNR  = 4 dB at 1% BLER)
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FIGURE 4: 3 km/h (SNR = 3 dB at 1% BLER)
The following observations can be made from the simulations:

(1) It is preferable not to send any PSBCH data on symbol #0 since it impacts performance for high mobility

(2) Case 1/Case1p and Case 2/Case2p show similar performance in all simulations. However, Case 3/3p performs slightly worse. This could be because for Case 3, the 1st DMRS symbol occurs at symbol #4, making it 1 symbol further away from symbol #0, making the channel estimate for symbol #0 worse.  Performance gap between case 3p and Case 1p/Case 2p is smaller when there is no PSBCH transmission on symbol #0 – however, a small performance gap is still observed. Given this observation, we propose to simply add a DMRS symbol at location #6 over existing D2D PSBCH design for V2V. 
(3) Minimum number of transmissions to meet 1% BLER target requirement at 2 dB SNR = 2, after initial PSSS/SSSS synchronization. However, in order to obtain synchronization with PSSS/SSSS and set the AGC parameters, additional transmissions may be required. Hence, to meet the performance requirement of 1% BLER at 2 dB SNR, we propose that 3 or 4 transmissions of PSBCH be required. 
Proposal #1: The first symbol of the PSBCH subframe is not used for PSBCH data transmission. 
Proposal #2: 3 symbols should be used for DMRS for PSBCH and should be at locations (#3, #6, #10). 

Proposal #3: The PSBCH should be transmitted at least 3 or 4 times to meet acquisition performance requirements.

Since symbol #0 is not useful for PSBCH data transmission, it might be beneficial to re-purpose its use instead of leaving it empty since energy in that symbol can be useful for AGC. The new requirement for 500 km/h support in the WID [2] needs further evaluation for acquisition performance. Current acquisition using ZC sequences for PSSS and M-sequences for SSSS have not been evaluated for such high speeds in 3GPP.  It might be beneficial to consider using symbol #0 for transmitting an additional PSSS sequence to help with initial acquisition performance for such high speeds. 

Proposal #4:  Consider using symbol #0 for additional PSSS transmission instead of PSBCH data for 500 km/h acquisition support. 
There have been proposals for extended CP configurations as well such as (#3, #5, #7) in the email discussion [3]. It is not clear why a different spacing would be beneficial for the extended CP case. Unless significant performance difference is shown, we prefer that the extended CP configuration for DMRS be the same as that of normal CP configuration, similar to Rel-13 D2D. 

Proposal #5:  Consider normal CP PSBCH DMRS configuration for extended CP as well similar to Rel-13 D2D, unless there is a significant performance impact for extended CP case. 
2. Periodicity
Based on the e-mail discussion, tradeoffs have to be made on performance vs. resource overhead for PSBCH transmissions. The periodicity considerations for periodicity include alignment to D2D, alignment to CAM message periodicity, alignment to SFN boundary. Given that we may need 3-4 transmissions of PSBCH for acquisition performance requirements, it is preferable to keep the periodicity in the range around 100 – 120 ms so that acquisition can be achieved within say, 500 ms. In case of shared carrier between V2V and D2D, it is useful to keep the periodicity of 120 ms, while for dedicated carrier for V2V, it can be useful to consider 100 ms. 
Proposal #6: Down-select between 100 ms and 120 ms for PSBCH periodicity

3. Conclusion

Based on the discussion, we make the following proposals for PSBCH:

Proposal #1: The first symbol of the PSBCH subframe is not used for PSBCH data transmission. 

Proposal #2: 3 symbols should be used for DMRS for PSBCH and should be at locations (#3, #6, #10). 

Proposal #3: The PSBCH should be transmitted at least 3 or 4 times to meet acquisition performance requirements.

Proposal #4: Consider using symbol #0 for additional PSSS transmission instead of PSBCH data for 500 km/h acquisition support. 

Proposal #5:  Consider normal CP PSBCH DMRS configuration for extended CP as well similar to Rel-13 D2D, unless there is a significant performance impact for extended CP case.

Proposal #6: Down-select between 100 ms and 120 ms for PSBCH periodicity
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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

	Antenna configuration
	Tx 1 antenna
Rx 2 antennas 

	UE relative speed
	{3, 100, 280, 500} 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: 6

	CFO estimation
	SLSS based CFO estimation (DMRS not used for CFO)

	AGC
	Ideal

	GP
	Yes

	Frequency error
	(Initial) Uniform, [-5:5] ppm, (residual) CFO = 0.2 ppm (assumed)

	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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