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1. Introduction
We resubmitted R1-162478, since it is not treated in the previous meeting. In the RAN1#84 meeting, the following agreements are made on the enhancement of DMRS to handle high Doppler case:
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.
· 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.
Also, in the previous email discussion [84-17], evaluation assumptions and criterion, including the RS location options are agreed, which is summarized as follows:
RS location
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
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
In this contribution, we discuss DMRS for PSBCH.
2. Evaluation on DMRS structure for PSBCH
In RAN1#84 meeting, 4 symbols for DMRS mapping of PSCCH and PSSCH are agreed to address high Doppler frequency. For PSBCH, considering that PSSS and SSSS are already mapped on symbols #1#2#11#12, and symbols #0 and #13 are excluded for PSBCH transmission, 3 symbols of DMRS mapping are enough to deal with Doppler frequency. 
From the email discussion [84-17], we have 3 options for DMRS mapping as follows:
· Option 1: #3#6#10

· Option 2: #3#6#9

· Option 3: #4#6#9

We evaluated the PSBCH channel of the above described 3 options and legacy Rel.12 DMRS mapping of PSBCH. Since legacy PUSCH DMRS with enhanced receiver (eDMRS) and comb type DMRS (Comb) are candidates for PSCCH and PSSCH, we evaluated both of them. In the simulation, 40 bit message sizes are assumed. For the transmission, single-subframe transmission is assumed: {6RB with 40bit}. 280km/h relative speed is assumed. The detailed simulation assumptions are given in Appendix A.
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Fig. 1: Comparison of the performance between enhanced PUSCH DMRS and comb type DMRS assuming 1.8KHz frequency offset, 1RB and 190byte.
We can see in figure 1 that #3#6#9 and #4#6#9 have the best performance for both of enhanced DMRS and comb type DMRS. We can choose one of two options for PSBCH transmission. 
For the PSBCH DMRS mapping, firstly we prefer to avoid legacy symbols #3 and #10 used for Rel.12 D2D PSBCH DMRS. Otherwise, legacy D2D UEs can measure DMRS of V2V UEs based on S-RSRP. In the previous meeting, it is agreed as working assumption that no new synchronization signal sequence is defined in V2V, and thus, if legacy D2D UEs detect high S-RSRP by measuring V2V DMRS, those UEs try to decode PSBCH of V2V, which leads to unnecessary decoding complexity increase. To avoid it, it is beneficial to avoid legacy DMRS symbols #3 and #10. 
Especially, regarding DMRS symbol #10, there is also power transient issue. SSSS in Rel.12 D2D is agreed with having 3dB power backoff due to PAPR issue. Thus, the first SSSS symbol is distorted due to 40us transient period allowed for power ramping in [TS 36.101] instead of disrupting DMRS on symbol #10. We think it is desirable to use PSBCH symbol for the power transient not to distort SSSS or DMRS by avoiding SSSS neighboring symbol for the DMRS location. It is noteworthy that PSBCH already has very low coding rate, so one symbol distortion may not have significant performance degradation. 
Also, since it is agreed that DMRS type of PSSCH and PSCCH is used for DMRS of PSBCH, we propose to use comb type DMRS for PSBCH based on the reason shown in [1].

Observation 1: If the same symbol locations (#3,#10) of legacy D2D PSBCH DMRS are used for V2V PSBCH DMRS, legacy D2D UEs have some ambiguity on the S-RSRP measurement, which leads to complexity increase for unnecessary decoding try.

Observation 2: If symbol #10 is used for V2V PSBCH DMRS, power transient period is necessary on the first SSSS symbol.
Proposal 1: To avoid ambiguity of S-RSRP measurement and power transient issue, option 3 (#4#6#9) is determined for the PSBCH DMRS location, which has also the best performance.
Proposal 2: Comb type RS sequence is adopted to handle high Doppler effects and high frequency offset for PSBCH DMRS.

Regarding the periodicity for PSBCH, it can be chosen out of 80*X, X=1, 2, 4, to align the boundary of 10240 SFN boundary. When an UE synchronized by eNB detects GNSS, eNB can signal 
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ms of timing of PSBCH of UE transmitting GNSS synchronization signal. Then, the UE takes just 10ms periodically to measure GNSS synchronization signal. If the periodicity is not aligned with 10240 SFN boundary, for the case that the UE fails to synchronize it at the SFN boundary, the UE consistently would fail the GNSS synchronization by the mistaken timing of GNSS synchronization signal. Please note that Rel.12 D2D also take 40ms periodicity of synchronization signal which is well aligned with SFN boundary. 

For the X value, eNB can configure it out of 1, 2, 4, considering the overhead of synchronization signals.

Proposal 3: The periodicity for PSBCH can be determined with 80*X, X=1, 2, 4, to align the boundary of 10240 SFN boundary. For the X value, eNB can configure it out of 1, 2, 4, considering the overhead of synchronization signals.
3. Conclusion
This contribution discussed RS enhancements to handle high Doppler case. The observations and proposals based on the discussion are given as follow:
Observation 1: If the same symbol locations (#3,#10) of legacy D2D PSBCH DMRS are used for V2V PSBCH DMRS, legacy D2D UEs have some ambiguity on the S-RSRP measurement, which leads to complexity increase for unnecessary decoding try.

Observation 2: If symbol #10 is used for V2V PSBCH DMRS, power transient period is necessary on the first SSSS symbol.
Proposal 1: To avoid ambiguity of S-RSRP measurement and power transient issue, option 3 (#4#6#9) is determined for the PSBCH DMRS location, which has also the best performance.
Proposal 2: Comb type RS sequence is adopted to handle high Doppler effects and high frequency offset for PSBCH DMRS.

Proposal 3: The periodicity for PSBCH can be determined with 80*X, X=1, 2, 4, to align the boundary of 10240 SFN boundary. For the X value, eNB can configure it out of 1, 2, 4, considering the overhead of synchronization signals.
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Appendix A. LLS simulation assumptions
Table 1: LLS simulation assumptions
	Parameters
	Assumptions

	System bandwidth
	10 MHz

	Carrier frequency
	6 GHz

	Channel model
	ITU-R UMi NLOS CDL model with dual mobility

	Antenna configuration
	Tx 1 antenna
Rx 2 antennas 

	UE relative speed
	280 km/h

	Modulation
	QPSK

	TBS of PSSCH and PSCCH
	40 bits

	PRB
	6RB

	CFO
	1.8 KHz

	AGC
	Yes

	GP
	Yes

	Number of transmissions
	Single transmission

	Synchronization 
	Ideal
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