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Introduction
RAN1 #85 agreed upon the following design aspects of DMRS for PSSCH, PSCCH, and PSBCH for V2V over PC5:
Agreement:
· Confirm the working assumption that legacy PUSCH RS is used for PSCCH and PSSCH in the four RS symbols.
 
Agreement:
· Alt 1 + Adapt MCS, the number of RBs, and number of transmission subframes depending on the UE absolute speed and UE synchronization source (e.g. GNSS or eNB)
· Options for details of PSCCH
· Working assumption which will be automatically confirmed if no problem is identified during this week
· DMRS within a TTI for a transmission by a UE are not identical 
· No blind detection of DMRS is introduced
· Details FFS
Agreements:
· For PSBCH DM RS 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.
· If it is agreed that SLSS/PSBCH is used for the purpose of detecting LTE ITS transmissions, this working assumption needs to be revisited.
· Rel-13 D2D synchronization resource configuration principle is reused.
In this paper we discuss open issues regarding DMRS for PSCCH, PSSCH, and PSBCH.
DMRS for PSCCH and PSSCH
In multiuser communications it is beneficial that the transmission of DMRS by different users can be separated at the receiver in order to estimate the channel from each transmitter. One way to achieve this is to ensure that different users transmit different DMRS sequences with low cross correlation. 
However, requiring different users to transmit different DMRS sequences for the PSCCH is unacceptable since it would require the UE to perform blind decoding. We believe it is better to use the same DMRS for PSCCHs of different users as long as those PSCCHs are transmitted in the same frequency location (e.g., same subchannel in [1]). In that spirit, the DMRS sequence for PSCCH can be chosen as a function of the location of the PRBs carrying the PSCCH. Note that it means DMRS for PSCCHs transmitted on different SA subchannels can be different.
Proposals: 
· The same DMRS is used for PSCCH of all UEs.
· The DMRS sequence for PSCCH is obtained as a function of the location of the PRBs carrying the PSCCH.

Despite the current working assumption that DMRS within a TTI for a transmission by a UE are not identical, we do not see any advantage in doing so. 
Proposal:
· DMRS within a TTI for a PSCCH transmission by a UE are identical.

In contrast to a common DMRS sequence for SA of all users, the DMRS sequence for transmission of a data packet used by a transmitter can be chosen as a function of the contents of the SA (whose details are presented in [2]) scheduling that data packet. As a result, DMRS of different PSSCH transmissions are different, hence having low cross correlation. We believe that it is also important to ensure that the impact of having different types of transmitters (e.g., pedestrian UEs and vehicle UEs) on the same resources is minimized. 
Proposals:
· The DMRS sequence used in PSSCH is obtained as a function of the associated SA contents.
· In case resource pools for different types of transmitters (e.g. P2X and V2X) overlap, the DMRS sequences used by UEs in different pools are different. 

Proposal:
· 	Adopt DMRS sequence of Rel-12 PSBCH for V2V.

Codes for DMRS 
One further way of separating transmissions of DMRS by different users is through the use of codes. In LTE sidelink, orthogonal cover codes (OCC) with length 2 are used. These codes yield the best results when the channel stays constant between the two DMRS symbols. For V2V communications, the channel coefficients will vary significantly across the 4 DMRS symbols, especially when the UEs travel at high speeds. For this reason, it is desirable that the codes also have good cross correlation properties when considering pairs of adjacent DMRS symbols.
Table 1. Code defined by the DFT matrix.
	
	Code 1
	Code 2
	Code 3
	Code 4

	Symbol 1 (S1)
	1
	1
	1
	1

	Symbol 2 (S2)
	1
	j
	-1
	-j

	Symbol 3 (S3)
	1
	-1
	1
	-1

	Symbol 4 (S4)
	1
	-j
	-1
	j


The DFT matrix defines codes with the following properties:
· Orthogonality between different codes: 
· Length-2 subcodes have low cross correlation: 

Proposal:
· For DMRS of PSCCH and PSSCH, orthogonal cover codes based on the DFT matrix (Table 1) are used.

For PSBCH, even though it is not possible to have perfect orthogonality between different length-3 codes (with only binary real/imaginary values) as above, we still find the low cross correlation of length-2 subcodes in Table 1 useful. Therefore, for PSBCH we can use codes obtained by removing the first or the fourth row of Table 1. Another option would be the Barker code [3], which is a sequence of is a sequence of n values (code-symbols) of +1 and -1 whose autocorrelation function achieves the peak at zero offset and remain constantly low at any other offsets. Barker codes of length 11 and 13 have been used in direct-sequence spread spectrum and  pulse compression radar systems, as well as in 802.11b standard (length 11). The only known length-3 Barker sequence is [+1 +1 −1], which gives sidelobe level ratio of -9.5dB, and the codes are given in Table 2. Note that inverting the bits also give Barker codes.
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	Code 1
	Code 2
	Code 3

	Symbol 1 (S1)
	1
	-1
	1

	Symbol 2 (S2)
	1
	1
	-1

	Symbol 3 (S3)
	-1
	1
	1



Proposal:
· Use Barker codes of length 3 (Table 2), achieved by cyclic shift of the length 3 Barker sequence, as cover codes for DMRS of PSBCH.
Conclusion 
In this contribution we discussed DMRS for PSCCH, PSCCH, and PSBCH for V2X over PC5.
Proposals: 
· The same DMRS is used for PSCCH of all UEs.
· The DMRS sequence for PSCCH is obtained as a function of the location of the PRBs carrying the PSCCH.

Proposal:
· DMRS within a TTI for a PSCCH transmission by a UE are identical.

Proposals:
· The DMRS sequence used in PSSCH is obtained as a function of the associated SA contents.
· In case resource pools for different types of transmitters (e.g. P2X and V2X) overlap, the DMRS sequences used by UEs in different pools are different. 

Proposal:
· 	Adopt DMRS sequence of Rel-12 PSBCH for V2V.

Proposal:
· For DMRS of PSCCH and PSSCH, orthogonal cover codes based on the DFT matrix (Table 1) are used.

Proposal:
· Use Barker codes of length 3 (Table 2), achieved by cyclic shift of the length 3 Barker sequence, as cover codes for DMRS of PSBCH.
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