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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)  
This contribution captures the agreed e-mail discussion. Note that some comments that were received even after the discussion deadline are captured.
2  Summary of email discussion 

2.1  Summary of RS location & evaluation criteria for PSBCH

Based on the e-mail discussion, the following RS locations were identified for PSBCH evaluation.

For normal CP configuration: (Starting at symbol #0)

· Option 1: (#3,#6,#10)  – Add 1 DMRS symbol to baseline

· 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
A proposal was also received to evaluate extended CP using (#3, #5, #7) as an option.

Although 2 symbol DMRS for PSBCH was identified as an option in the agreement, there was no proposal received for any 2 symbol DMRS location evaluation for PSBCH. 

The simulation assumptions and criterion for evaluation of DMRS locations for PSBCH is captured in Section 3.1. 

2.2  Summary of periodicity for PSBCH

Based on the e-mail discussion, the following considerations were discussed for PSBCH periodicity:

· Link level performance
· Clock drift 
· Acquisition time
· Overhead of PSBCH resources 

· Delay from new/neighboring UEs to acquire PSBCH

· Coordination with (typical) traffic periodicity (e.g. 100 ms)
· Potential synchronization resource collision, if spectrum is shared with D2D

· Aligning to the boundary of 10240 SFN

The discussion details for evaluating the periodicity of PSBCH are captured in Section 3.2. 

3 Proposed Evaluation Assumptions and Criteria 

3.1 RS location evaluation for PSBCH

Assumptions:

· 6 GHz carrier frequency

· Normal CP with 15 kHz subcarrier spacing

· In general, the simulation assumptions that were used for DMRS evaluation of PSSCH/PSCCH such as channel model, frequency error etc. are re-used for PSBCH evaluation

· Simulation parameters specific to PSBCH (for evaluation purposes only) are provided in TABLE 1. 

TABLE 1
	Parameters
	Evaluation Assumptions

	Modulation
	QPSK

	Transport Block Size
	[40] bits (+ 16 bit CRC)

	Channel coding
	TBCC

	PRB
	6 PRBs with 12 subcarriers per RB.

	Frequency error
	Uniform between [-5 : 5] ppm


Companies are requested to provide their preference for evaluating the DMRS locations in TABLE 2. 

· As per the agreement, the choice of DMRS symbols is restricted to {2,3}

· As per the agreement, the PSSS/SSSS locations are not changed and hence are excluded from the DMRS location choices 

Criterion:
The link level performance of a single PSBCH transmission is used as the basis of evaluation for the DMRS locations. The performance is evaluated at a BLER of [1]%.
TABLE 2

	Company
	Preferred DMRS locations

(starting at #0)
	Comments, if any

	
	(#3, #10)
	Rel-13 D2D PSBCH Baseline

	(Qualcomm, Samsung, Huawei)
	(#3, #6, #10)
	Adding one DMRS to the baseline at #6 due to high Doppler

	CATT
	(#3, #6, #10) or (#3, #6, #9)
	Adding one DMRS. (#3, #6, #10) has less modification. (#3, #6, #9) has equal interval between RSs, which may lead to better performace.

	LGE
	(#4, #6, #9) for normal CP

(#3, #5, #7) for extended CP
	Avoiding the symbol neighboring SSSS not to be located in power transient period. Also, not to be interrupted with legacy D2D PSBCH DMRS.

	ZTE
	(#3, #6, #9) for normal CP

(#3, #5, #7) for extended CP
	


In the contributions for the next meeting, companies are requested to provide the following:

1. the receiver algorithm used in the evaluated options
2. the assumption on the CFO estimation procedure e.g. using SLSS, DMRS
3. the assumption on the DMRS i.e. legacy PUSCH-based, Comb-based etc. 
4. the assumption whether any PSBCH symbols such as symbol #0 and #13 are excluded for PSBCH transmission 
3.2 PSBCH periodicity

Companies are encouraged to investigate the PSBCH periodicity from 40 ~ 640 ms.  The following should be considered for the setting of the periodicity parameter:

· Link level performance
· Clock drift 
· Acquisition time
· Overhead of PSBCH resources 

· Delay from new/neighboring UEs to acquire PSBCH

· Coordination with (typical) traffic periodicity
Please provide your input on the numbers mentioned in square brackets. 

Assumption on clock drift:  A random frequency error between ±[0.1] ppm per second can be assumed to investigate the amount of the clock drift during a PSBCH period (with the prior synchronization derived from PSSS/SSSS transmitted by a UE).  

Assumption on acquisition time:  The results of the PSBCH performance and the number of repetitions required to get > [99]% acquisition probability at SNR of [2] dB can be used to determine the impact on acquisition time.  

Companies are encouraged to submit their preference on periodicity in TABLE 3. 

TABLE 3

	Company
	Preference on periodicity (ms)
	Comments, if any

	
	40
	Rel-13 D2D PSBCH Baseline

	Qualcomm
	100
	100ms is also the transmission period of V2V. Our simulation shows that 95% acquisition probability can be achieved after 2 repetitions (i.e., a delay of 200ms). Also, the time drift after 100ms very small (lower than 10ns).

	Samsung
	120
	Prefer multiple of 40 ms to avoid potential synchronization resource collision between V2V and D2D.

	Huawei
	[200], evaluations need to span 40-640
	Tentatively a multiple of both 40 and 100 to both accommodate traffic periodicity and avoid collisions with D2D (if needed), hence the preference for 200. If we can go larger with little degradation (e.g., 400), it is even better

	CATT
	100*X, X =1~6
	We assume one typical traffic period is 100ms. When PSBCH periodicity is set to multiply of 100ms, the collision with periodical resource use by traffic is reduced. X could be studied further.

	LGE
	80*X, X=1, 2, 4
	To align the boundary of 10240 SFN. X can be FFS.

	Ericsson
	640
	

	ZTE
	40-640
	for the real usage the multiple of 40 ms can be used for coexistence with D2D. But the other non-40ms-multiple value can also be useful for case like dedicated V2V carrier. 
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