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1. Introduction

In the study on LTE-based V2X services, several issues on identification of necessary PC5 enhancements for V2V was discussed. One of them is enhancements of physical layer structure for V2V. 
For this, enhancements of DM-RS to handle high Doppler was discussed, and following agreements are captured at the RAN1#85 meeting [1].
Agreements at the RAN1#85 meeting:
-
Confirm the working assumption that legacy PUSCH RS is used for PSCCH and PSSCH in the four RS symbols.

-
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

▪ Working assumption: 2 consecutive PRB pairs in a subframe are used for each PSCCH if the number of SA bits is less than 64 including CRC. The exact size of SA is FFS including the CRC size and could be larger than 64 bits.

▪ Options for details of PSSCH

▫ Network configuration or preconfiguration can be used to associate the ranges of MCS, RB number for PSSCH, number of retransmission with the condition of the UE absolute speed. Different (pre)configuration and threshold is given for the different type (e.g., eNB, GNSS, UE) of the transmission synchronization reference.

▫ RAN1 will study the proper range of these parameters.
- 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.


    After the RAN1#85 meeting, the one of remaining issues on DM-RS enhancements for V2V is a sequence configuration for PSCCH/PSSCH/PSBCH. In this contribution, we will discuss details on DM-RS sequence for PSCCH/PSSCH/PSBCH based on above agreements, and provide our views.

2. DM-RS sequence for PSCCH/PSSCH/PSBCH
DM-RS sequence for PSCCH/PSSCH/PSDCH/PSBCH in Rel-12/13 D2D is based on DM-RS sequence for PUSCH. Following are different points from DM-RS sequence for PUSCH as captured in [2].
-
The parameters in Tables 1 and Table 2 shall be used.

-
The term PUSCH shall be replaced by PSSCH, PSCCH, PSDCH or PSBCH, depending on the physical channel to which the reference signal is associated.

-
The set of physical resource blocks used in the mapping process shall be identical to the corresponding PSSCH/PSCCH/PSDCH/PSBCH transmission.

-
The index k in the mapping process in DM-RS for PUSCH shall be identical to that for the corresponding PSSCH/PSCCH//PSDCH/PSBCH transmission.

-
The pseudo-random sequence generator in DM-RS for PUSCH shall be initialized at the start of each slot fulfilling nPSSCHss=0
Table 1: Reference signal parameters for PSSCH/PSCCH in Rel-12/13 D2D
	Parameter in DM-RS for PUSCH
	PSSCH
	PSCCH

	Group hopping
	
	enabled
	disabled

	
	
[image: image1.wmf]RS

ID

n


	
[image: image2.wmf]SA

ID

n


	-

	
	
[image: image3.wmf]s

n


	
[image: image4.wmf]PSSCH

ss

n


	-

	
	
[image: image5.wmf]ss

f


	
[image: image6.wmf]30

mod

SA

ID

n


	0

	Sequence hopping
	
	disabled
	disabled

	Cyclic shift
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	Reference signal length
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Table 2: Reference signal parameters for PSDCH/PSBCH in Rel-12/13 D2D
	Parameter in DM-RS for PUSCH
	PSDCH
	PSBCH

	Group hopping
	
	disabled
	disabled
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	Sequence hopping
	
	disabled
	disabled

	Cyclic shift
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	Orthogonal sequence
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Group hopping
Group hopping is supported for PSSCH DM-RS in Rel-12/13 D2D with following Equation 1, and it is a slot-level group hopping. In V2V, the number of DM-RS symbols within a TTI is increased to 4. Therefore, a DM-RS symbol-level group hopping could be introduced with following Equation 2 or Equation 3. In Equation 2 and Equation 3, the pseudo-random sequence generator shall be initialized at the start of each slot fulfilling nPSSCHss=0 with cint=int(nSAID/30).
[Equation 1]
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[Equation 2]
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[Equation 3]
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CS/OCC values
CS(Cyclic Shift) and orthogonal sequence for PSCCH/PSSCH/PSDCH/PSBCH DM-RS in Rel-12/13 D2D is determined with above Table 1 and Table 2. In V2V, the number of DM-RS symbols within a TTI is increased to 4 for PSCCH/PSSCH and 3 for PSBCH. Therefore, length of the orthogonal sequence should be modified as Table 3 and Table 4.
Table 3: Reference signal parameters for PSSCH/PSCCH in V2V (only different points from Table 1)
	Parameter
	PSSCH 
	PSCCH

	Cyclic shift
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	Orthogonal sequence
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Table 4: Reference signal parameters for PSBCH in V2V (only different points from Table 2)
	Parameter
	PSBCH

	Group hopping
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	Cyclic shift
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	Orthogonal sequence
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Proposal 1:
For DM-RS sequence for PSCCH/PSSCH/PSBCH in V2V
 - DM-RS symbol-level group hopping for PSSCH is supported.

 - Length 4(for PSCCH/PSSCH) and length 3(for PSBCH) OCC is supported for orthogonal  sequence.

CS indication
CS(Cyclic Shift) value is determined by Equation 4 for PUSCH DM-RS. In Rel-12/13 D2D, nCS,λ is directly calculated by nSAID value(for PSSCH) or NSLID value(for PSBCH) as Table 1 and Table 2.

[Equation 4]
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However, only first 8 values among possible 12 values are used for nCS,λ by calculation with nSAID or NSLID. It causes decrease of orthogonality on PSCCH/PSBCH DM-RS if it is  compared to PUSCH DM-RS.
Therefore, "cyclic shift" calculated by nSAID or NSLID in Table 3 and Table 4 could be used for indication of n(2)DMRS,λ in Equation 4 instead of nCS,λ. For this, Table 5 which used for Rel-8 PUSCH DM-RS could be used. 

In this case, n(1)DMRS could be 0. And, nPN could be 0 or calculated by Equation 5 or Equation 6 for CS value randomization between DM-RS symbols. The pseudo-random sequence generator in Equation 5 and Equation 6 shall be initialized at the start of each slot fulfilling nPSSCHss=0 with cint=int(nSAID/30)∙25+( nSAID mod 30).
Table 5: Relationship between cyclic shift (= calculated by nSAID or NSLID in Table 3/ 4) and n(2)DMRS,λ
	Cyclic shift
	n(2)DMRS,λ

	000 (0)
	0

	001 (1)
	6

	010 (2)
	3

	011 (3)
	4

	100 (4)
	2

	101 (5)
	8

	110 (6)
	10

	111 (7)
	9


[Equation 5]
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[Equation 6]
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Proposal 2:
For CS(cyclic shift) value indication for PSSCH/PSBCH in V2V
 - Cyclic shift calculated by nSAID or NSLID is used for indication of n(2)DMRS,λ instead of nCS,λ.
 - n(1)DMRS=0, and nPN is 0 or calculated by pseudo-random sequence generator.
3. Conclusion

In this contribution, we discussed details on DM-RS sequence for PSCCH/PSSCH/PSBCH, and provide our views with following our proposals.
Proposal 1:
For DM-RS sequence for PSCCH/PSSCH/PSBCH in V2V
 - DM-RS symbol-level group hopping for PSSCH is supported.

 - Length 4(for PSCCH/PSSCH) and length 3(for PSBCH) OCC is supported for orthogonal  sequence.

Proposal 2:
For CS(cyclic shift) value indication for PSSCH/PSBCH in V2V
 - Cyclic shift calculated by nSAID or NSLID is used for indication of n(2)DMRS,λ instead of nCS,λ.
 - n(1)DMRS=0, and nPN is 0 or calculated by pseudo-random sequence generator.
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