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1 Introduction

In the previous RAN1 WG meeting, the demodulation aspects of PC5 V2V communication were discussed in the scope of the Rel-14 V2V WI [1]. In particular, the demodulation challenges of PSCCH, PSSCH and PSBCH channels were identified and potential design enhancements were proposed. This contribution discusses demodulation of PSBCH channel, while our views on PSCCH and PSSCH demodulation are presented in [2].
The following agreements were made with respect to the PSBCH channel design at the previous RAN1 WG meetings:
	RAN1 #84
· 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.
RAN1 #83

· FFS the number and location of DMRS in PSBCH


Besides the cited above agreements, the additional RAN1 WG email discussion was organized in order to conclude on evaluation assumptions for PSBCH evaluation [3].
2 Revised high speed requirements
In the RAN #71 meeting, the V2V WID was revised [1]. In particular, the objective to support relative speed up to 500km/h was added as cited below:
	… 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. …


The change of the maximum relative UE speed requirements leads to substantial growth of the maximum Doppler frequency and carrier frequency offsets on the V2V links as summarized in Table 1 for different demodulation scenarios agreed by RAN1 WG [4].
Table 1. Target synchronization scenarios

	#
	Demodulations Scenarios
	Max Doppler frequency on V2V links
	Max V2V link frequency offset for 6 GHz

	
	
	280 km/h relative UE speed
	500 km/h relative UE speed
	280 km/h relative UE speed
	500 km/h relative UE speed

	1
	Extreme case (Case 1 + Case B)
	1.5 kHz
	2.8 kHz
	3.3 kHz
	4.6 kHz

	2
	Extreme case (Case 1 + Case B) + Uu link Doppler shift
	
	
	4.9 kHz
	7.4 kHz

	3
	Typical case (Case 2 + Case A)
	
	
	2.8 kHz
	4.0 kHz

	4
	Typical case (Case 2 + Case A) + Uu link  Doppler shift
	
	
	4.3 kHz
	6.8 kHz


Observation 1
· In case of 500 km/h relative UE speed requirements, the maximum Doppler frequency on V2V links is up to 2.8 kHz and the maximum carrier frequency offset (including Doppler shift) on V2V links is up to 7.4 kHz (≈ ½ of subcarrier spacing).
Therefore the up to date V2V physical design may eventually become obsolete and not able to ensure robust operation under agreed high speed conditions. The existing agreements and assumptions may need to be revised to take into account the new system requirements based on the input from RAN WG. In particular, the following working assumptions need to be reconsidered:

	· Working assumption: Increase DMRS density to 4 symbols per 1ms with reusing PUSCH DMRS sequence in each physical sidelink channel except for PSBCH
· Working assumption: 15 kHz subcarrier spacing with 1 msec TTI length


Proposal 1
· Revise RAN1 working assumptions on the DMRS structure and subcarrier spacing in order to meet the new target high speed system requirements.
3 On Outcome of PSBCH E-mail Discussion

The RAN1 WG e-mail discussion on PSBCH evaluation assumptions was concluded before RAN WG provided input on support of 500km/h as a relative speed for V2V communication. Therefore, the outcome of this e-mail discussion may also need to be revised.

According to the e-mail discussion outcome, the following RS locations were identified for PSBCH evaluation by multiple companies.
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

PSBCH Evaluation 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 2.
Table 2 PSBCH simulation parameters
	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.
4 On PSBCH Performance with 3 DMRSs
In this section, we argue that none of the identified options with 3-DMRSs per PSBCH provides robust performance independently of the RS locations, vehicle speed and Doppler effects, unless some changes in rate matching or puncturing procedure are introduced for PSBCH.
We would like to remind that the 1st symbol of PSBCH is supposed to be used for AGC and thus it is not used for demodulation for definition of demodulation requirements by RAN4 WG. If 3 DMRSs are allocated per PSBCH under existing DMRS rate-matching assumption then several series of consecutive bits will be punctured at the first and last OFDM symbols of PSBCH channel. Therefore, independently of the RS locations the option with 3 DMRSs will provide poor performance due to current channel interleaver design that allocates consecutive series of bits to the punctured symbols.
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Figure 1: Legacy and proposed DMRS patterns for PSBCH.
Observation 2
· Under current rate matching assumptions, the PSBCH channel with 3-DMRS symbols may have poor performance due to unmatched behavior of channel interleaver and symbol puncturing.

· In case of 3-DMRSs, the PSBCH rate matching should be done under assumption that the 1st and last SC-FDMA symbols in a PSBCH subframe are not available for PSBCH RE mapping (i.e. rate matching should be applied across these symbols).

5 PSBCH Demodulation
In this section, we provide link level analysis of PSBCH demodulation performance for different DMRS patterns, including:
· 2 DMRSs (legacy DMRS structure – where two OFDM symbols within subframe are allocated for DMRS) for 15 kHz and 30 kHz subcarrier spacing;
· 3 DMRSs (enhanced DMRS structure with 3 DMRS symbols proposed in RAN1 e-mail discussion);
· 3 DMRSs (enhanced DMRS structure with 3 DMRS symbols) and rate-matching enhancement proposed in previous section;
· FD-DMRS (enhanced DMRS pattern with frequency distributed DMRS structure, see Figure 4, also called 2D-DMRS pattern reflecting the fact that DMRS REs are distributed over time and frequency dimensions within PRB) for 15 kHz and 30 kHz subcarrier spacing.
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Figure 2: The 2D-DMRS pattern for PSBCH demodulation
The link level evaluation results for scenarios with UMi NLOS channel model for 280 km/h and 500 km/h relative UE speed are shown in Figure 3 and Figure 4.
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	Figure 3: UMi NLOS channel model and 280 km/h relative UE speed
	Figure 4: UMi NLOS channel model and 500 km/h relative UE speed


Based on the presented results, we have the following observations:

Observation 3
· The legacy DMRS design is not capable to provide proper system performance and does not reach target 1% PER.

· The extension of legacy design with 3 DMRS per subframe is not capable to provide proper performance and does not reach target 1% PER which is caused by the systematic decoding errors caused by puncturing of series of bits at the TX/RX sides (the last and first symbols respectively).

· The modified rate-matching for the case of 3 DMRS improves the overall system performance and can reliably operate up to 280 km/h scenario.

· The new FD-DMRS (2D-DMRS) design provides the best performance and allows achieving reliable performance under all investigated scenarios.
Proposal 2
· The following solutions are used for PSBCH demodulation:
1. 30 kHz subcarrier spacing with FD-DMRS or 3-DMRS symbols with adjusted rate-matching procedure
2. 15 kHz subcarrier spacing with FD-DMRS pattern

· The PSBCH DMRS pattern should be consistent with the pattern agreed for PSCCH/PSSCH.
6 Conclusions

In this contribution, we provided our views on PSBCH demodulation enhancements for V2V communication. In summary, our link level analysis shows that identified in e-mail discussion 3-DMRS pattern shows poor performance due to unmatched behavior of channel interleaver and agreed symbol puncturing. In addition we notice, that in order to meet the new requirement on 500km/h relative speed, the existing working assumptions and conclusions need to be revised. Based on the analysis presented in contribution we have following proposals:
Proposals
· Revise RAN1 working assumptions on the DMRS structure and subcarrier spacing in order to meet the new target high speed system requirements.
· The following solutions are used for PSBCH demodulation:
1. 30 kHz subcarrier spacing with FD-DMRS or 3-DMRS symbols with adjusted rate-matching procedure
2. 15 kHz subcarrier spacing with FD-DMRS pattern

· The PSBCH DMRS pattern should be consistent with the pattern agreed for PSCCH/PSSCH.
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Annex A: Simulation Assumptions

Table 3: Link level evaluation assumptions

	Parameter
	Value

	Carrier frequency
	6 GHz

	System bandwidth
	10 MHz

	Antenna configuration
	1x2, antenna spacing = 0.5λ

	Channel model
	UMi NLOS (relative UE speed – 280 and 500 km/h)

	Frequency synchronization
	No synchronization error (Assumption – ideal compensated on PSS/SSS)

	Signal transmission parameters
	PSBCH reference channel

      15 kHz: 6 PRB (1080kHz) with 1 TTI (1ms)

      30 kHz: 6 PRB (2160kHz) with 1 TTI (0.5ms)

	Tx EVM
	10%

	Demodulation assumptions
	No post-FFT CFO and time offset estimation

Practical channel estimation

The 1st symbol is used for AGC settling

The last symbol is punctured
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