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1 Introduction

In the previous RAN1 WG meeting, the physical structure of the PSBCH channel was discussed and the following agreements were made:

· For PSBCH DMRS symbol location, Option 3 (i.e., symbol #4, #6, #9 for normal CP) is supported.
· Working assumption: PSBCH content size is the same as Rel-12.
· Working assumption: V2V SLSS/PSBCH periodicity is 200 ms.
This contribution discusses remaining details of PSBCH design, while our views on PSCCH and PSSCH physical layer structure are provided in [1].
2 PSBCH Decoding Issue for Normal CP
Previously, PSBCH physical signal structure was agreed to be modified to ensure robust demodulation performance under high speed propagation conditions. The design is based on the legacy Rel-12/13 PSBCH with the exception that 3 DMRS symbols are used per 1 ms TTI instead of 2 DMRS (see Figure 1). Additional DMRS symbol was introduced in order to improve the channel estimation and frequency offset estimation accuracy. Based on the working assumption the PSBCH payload size is kept unchanged (40 bits + 16 bits CRC). Unfortunately, such assumptions may lead to systematic decoding issues and unreliable performance which does not depend on the RS locations, vehicle speed and Doppler effects, unless some changes in rate matching or puncturing procedure are introduced.
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Figure 1: Agreed DMRS pattern for PSBCH in case of Normal CP
(left side – Rel.12 D2D, right side – Rel.14 V2V).

In particular, the PSBCH signals are mapped to all available REs in a subframe, which are not occupied by the PSSS, SSSS or DMRS transmissions. At the same time to avoid SL interference to the UL direction it was agreed that the signals on the last symbol of the SL subframes should not be transmitted and the actual PSBCH symbols on these symbols are punctured. In accordance to the typical receiver assumptions used to define the SL demodulation performance requirements in the RAN4 WG, UE is allowed to use the first symbol of the SL subframes for the AGC tuning purposes and, hence, may skip demodulation of the receive signal on the first symbol. Therefore, effectively the first symbol of the SL subframe is also punctured from the receiver perspective. 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 symbols of PSBCH. So, independently of the RS locations the option with 3 DMRSs may lead to systematic decoding errors due to current channel interleaver design that allocates consecutive series of bits to the punctured symbols. The current PSBCH demodulation performance for the 1x1 AWGN scenario is illustrated in Figure 2 for the case when the 1st symbol is available and when the 1st symbol is used for the AGC settling purposes.
Eventually, this problem is very much similar to the issue identified during the Rel-12 design [2] and which was fixed by changing the payload size of the PSBCH. In order to avoid the PSBCH demodulation issue caused by puncturing of the first and the last symbols, the following potential solutions can be considered: 

1. Change the PSBCH payload size
2. Modify rate matching procedure (i.e. rate match over first and last symbols)

3. Use CTC instead of TBCC
4. Use frequency first mapping interleaver design
In general, any of the identified above solutions can be used. However, given the already made working assumption on PSBCH content size and agreements on number of DMRS and PSSS/SSSS transmissions within the physical structure, the most technically clean solution is to perform rate-matching across the 1st and the last symbols of PSBCH subframe. In the latter case, the signal on the first SC-FDMA symbol can be the repetition of the PSBCH signal on one of other symbols. In Figure 2 we illustrate the PSBCH decoding performance for the basic 1x1 AWGN scenario under assumption of using existing design and in case of using PSBCH rate matching over the 1st symbol.
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Figure 2. V2V PSBCH demodulation performance
Observation 1
· 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 Normal CP type.
· In case of 3-DMRSs, the PSBCH rate matching should be done under assumption that the 1st and the last SC-FDMA symbols in a PSBCH subframe are not available for PSBCH RE mapping in order to avoid systematic decoding errors.
Proposal 1
· PSBCH transmission is rate-matched over DMRS, PSSS, SSSS, and the first and last symbols of the subframe
3 PSBCH Design for Extended CP

The location of DMRSs within PSBCH in case of Extended CP type was not discussed in the previous meetings. In order to improve PSBCH demodulation for the case of extended CP type we propose to use DMRS transmissions on symbols {#2, #5, #8}.
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Figure 3: DMRS pattern for PSBCH in case of Extended CP 
(left side– LTE Rel.12, right side – Proposed 3 DMRS V2V PSBCH).

Proposal 2
· For Extended CP the PSBCH DMRS are transmitted in symbols #2, #5, and #8

4 PSBCH DMRS design
In this section, we discuss the required PSBCH DMRS design modifications. In general, we believe that the overall Rel-12/13 PSBCH DMRS design principles can be maintained with potentially a few clarification and modifications:
· Number of DMRS symbols: Obviously the increased number of DMRS symbols should be taken into account in the DMRS sequence generation. 
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 where m = 0, 1, 2
· Orthogonal sequence: Since PSBCH DMRS includes 3 symbols the OCC sequence 
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 should be redefined. Length 3 sequence does not allow using completely orthogonal codes. Hence it is suggested that quasi orthogonal sequences are applied (e.g. [+1 +1 +1] and [+1 -1 +1]), which may still provide certain benefits in case of colliding PSBCH transmissions from different UEs with different IDs.

· Based on the previous agreements the PSCCH DMRS should include different DMRS signals on different symbols in one subframe. In our view, there is no strong justification to apply same approach for PSBCH and legacy approach with same DMRS sequences in each symbol can be kept.  Therefore, we think that there are no strong reasons to change the remaining parameters including group and sequence hopping, 
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 and cyclic shift. 

· The summary of proposals on PSBCH DMRS parameters is provided in the Table 1 (proposed changes on top of Rel-12 PSBCH are marked in yellow).
Table 1 – Parameters for generation of PSBCH DMRS signals
	Parameters for PUSCH DMRS generation
	PSBCH R.12 (D2D)
	PSBCH R.14 (V2V)

	DMRS symbol index
	m
	0, 1
	0, 1, 2

	Group hopping
	Is enabled?
	Disabled
	Disabled
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	Sequence hopping
	Is enabled?
	Disabled
	Disabled

	Cyclic shift
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	Orthogonal sequence
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	[+1 +1] if 
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	Cell identity
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	Ref signal length
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	Number of layers
	v
	1
	1

	Number ports
	P
	1
	1


Proposal 3
· For PSBCH DMRS two OCC sequences are defined [+1 +1 +1] and [+1 -1 +1]
· The remaining R12 PSBCH DMRS parameters are kept unchanged
5 Conclusions

In this contribution, we provided our views on the remaining details of PSBCH physical structure design for V2V communication. In summary, our link level analysis shows that agreed 3-DMRS pattern for PSBCH demodulation shows poor performance due to unmatched behavior of channel interleaver and agreed symbol puncturing (puncturing of the first and last symbol). In addition we provided our views on the DMRS signal generation procedure. In summary, we have following proposals:
Proposal 1
· PSBCH transmission is rate-matched over DMRS, PSSS, SSSS, and the first and last symbols of the subframe

Proposal 2
· For Extended CP the PSBCH DMRS are transmitted in symbols #2, #5, and #8

Proposal 3
· For PSBCH DMRS two OCC sequences are defined [+1 +1 +1] and [+1 -1 +1]
· The remaining R12 PSBCH DMRS parameters are kept unchanged
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