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1 Introduction
In RAN1 #84 meeting, the following agreements are made [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.

Base on the above agreement, we will further discuss DMRS design of PSBCH in this contribution.
2 The DMRS location for PSBCH
The number of DMRS for PSBCH is FFS between 2 and 3. In this document, the detail DMRS location is analyzed in the case of different DMRS density. Then different schemes are simulated. Based on the simulation results we give our proposal.
Scheme 1: Using 2 DMRS symbols to decode PSBCH
The location of two DMRS symbols may have three different options: 
a) Option 1: Reuse the scheme in R12/R13 D2D, i.e. DMRS occupies #3 and #10 for normal CP which is shown in figure 1.
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Figure 1: Option 1 reuses the scheme in R12/R13 D2D
b) Option 2: Not reuse the scheme in R12/R13 D2D, e.g. DMRS occupies #5 and #8 for normal CP which is shown in figure 2.
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Figure 2: Option 2 not reuses the scheme in R12/R13 D2D
c) Option 3: Base on option 2, the first symbol is excluded for PSBCH transmission which is shown in figure 3.
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Figure 3: The first symbol is excluded for PSBCH transmission based on option 2
Scheme 2: Using 3 DMRS symbols to decode PSBCH
The location of three DMRS may have three different options: 
a) Option 4: Add a DMRS symbol based on the scheme in R12/R13 D2D, e.g. DMRS occupies #3, #6 and #10 (option 4a) or #3, #7 and #10 (option 4b)  for normal CP which is shown in figure 4.
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Option 4a: Adding symbol #6 based on the scheme in R12/R13 D2D
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Option 4b: Adding symbol #7 based on the scheme in R12/R13 D2D

Figure 4: Add a DMRS symbol based on the scheme in R12/R13 D2D
b) Option 5: DMRS occupies #3, #6 and #9 for normal CP which has equal spacing which is shown in figure 5.
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Figure 5: Option 5
d) Option 6: In order to avoiding to be interrupted with legacy D2D PSBCH DMRS, DMRS occupies #4, #6 and #9 for normal CP which is shown in figure 6.
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Figure 6: Option 6
3 Simulation
We simulate the above 6 options for normal CP. The simulation assumptions and criterion for evaluation of DMRS locations for PSBCH is captured in appendix. Figure 7 shows the results of 6 different options in 280km/h and 500km/h which are listed in the following:
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Figure 7: simulation results for 280km/h and 500km/h
From the results for 280km/h, it can be seen that option 1 has the worst performance and option 5 has the best performance. It’s due option2’s spacing. The performance of option 2 is greatly improved than option 1. The performance of option 3 is slightly better than option 2 maybe because of the first symbol is punched for PSBCH transmission. The performance of option 3, 4a, 4b and 6 is almost the same and slightly worse than option 5. Based on the above simulation results for 280km/h, if 2 DMRS symbols for PSBCH are selected we suggest to use option 3. If 3 DMRS symbols for PSBCH are adopted, we suggest using option 5.
From the additional results for 500km/h, 3 DMRS symbols perform much better than 2 DMRS symbols because of higher Doppler frequency shift. The option 5 is the best one. Based on the above simulation results for 500km/h, we suggest using option 5.
Proposal 1: 
For the case that 280km/h is the target scenario
If 2 DMRS symbols for PSBCH are supported, we suggest using option 3
If 3 DMRS symbols for PSBCH are supported, we suggest using option 5
If 500km/h should be optimized, we suggest adopting option 5
3 PSBCH periodicity
When V2X share the same frequency band with D2D, then the multiple of 40ms can be used for V2X. However, since the content of PSBCH of V2X may be different from that of D2D, when V2X’s PSBCH and D2D’PSBCH are transmitted in the same subframe, it’s evidently to produce interference with each other. So in this case, V2X subframes must be separated from D2D subframes. 
However, when V2X operate on dedicated carrier, the other non-40ms-multiple values can also be used. 
Proposal 2: PSBCH periodicity can be set to 40-640ms, in case V2V does not operate on the same carrier with D2D.
4 Conclusions
DMRS design of PSBCH and PSBCH periodicity is discussed in this contribution. Based on the above analysis, we suggest that: 
Proposal 1: 
For the case that 280km/h is the target scenario
If 2 DMRS symbols for PSBCH are supported, we suggest using option 3
If 3 DMRS symbols for PSBCH are supported, we suggest using option 5
If 500km/h should be optimized, we suggest adopting option 5

Proposal 2: PSBCH periodicity can be set to 40-640ms, in case V2V does not operate on the same carrier with D2D.
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6 Appendix
6.1 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


6.2 The receiver algorithm used in the evaluated options
First step: 

Coarse frequency offset estimation is performed using PSSS which value is integral multiple of subcarrier spacing, and then compensate for the received signal’s frequency offset. Frequency offset estimation algorithm is expressed as 
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is received frequency sequence after FFT convert and 
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 is frequency sequence after synchronization sequence shift N subcarriers. 
Second step:

Precise frequency offset estimation is performed using reference signals, and then compensate for the received sequence by using frequency offset estimation values. Frequency offset estimation algorithm is expressed as
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, in which 
[image: image14.wmf]()

rn

 is received reference signals and 
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 is time-domain sequence converted from local reference signals.
The final step:
Channel estimation is performed by using LMMSE and linear interpolation.
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