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1. Introduction
In the RAN1#85 meeting, the following agreement is made on the enhancement of DMRS to handle high Doppler case:
Agreement:
Confirm the working assumption that legacy PUSCH RS is used for PSCCH and PSSCH in the four RS symbols.

In this contribution, we discuss the detailed DMRS sequences for PSCCH and PSSCH.
2. DMRS sequences for PSCCH and PSSCH
In the previous meeting, it is agreed that the legacy DMRS on the defined four symbols #2 #5 #8 # 11 is used for PSCCH and PSSCH with normal CP. The location is based on the equal spacing between DMRS symbols which leads to maximize the minimum spacing so that the estimation performance can be maximized. For the DMRS location of the subframe with extended CP, similar approach can be used. If we use the first and last symbols for the AGC or RX/TX switching time, four symbols can be located on the symbols #1 #4 #7 #10 with equal spacing.
Proposal 1: DMRS symbols are located on the symbols #1 #4 #7 #10 for the extended CP.
Based on the agreed DMRS locations, the DMRS sequences need to be designed. Basically, Rel.13 V2V DMRS sequence can follow the Rel.12 sidelink DMRS sequence. The following table shows Rel.12 D2D DMRS sequence.
Table 2-1: Reference signal parameters for PSSCH and PSCCH of Rel.12 sidelink.

	Parameter in clause 5.5.2.1
	PSSCH 
	PSCCH

	Group hopping
	
	enabled
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	Reference signal length
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In the table, some modifications are necessary to adjust it to V2V scenario well as follows: 
·  Sequence ID of PSSCH
In the DMRS sequence of Rel.12 sidelink, SA ID is used as a source ID to randomize interference. SA ID is a part of the receiver ID described in MAC layer. The D2D service originally supports group communication, e.g. policemen group and firemen group. It is a general D2D concept that within a group, group members communicate one by one similar to walkie-talkie. Then, receiver ID can differentiate each group. Therefore, receiver ID is more suitable to differentiate DMRS sequences rather than transmitter ID. 
However, in Rel.13 V2V, all vehicle UEs have to receive V2V messages for the purpose of road safety. Also, UEs do not transmit one by one, and sometimes, some of UEs can use the same resources to transmit. Therefore, transmitter ID may be more suitable to differentiate DMRS sequences rather than receiver ID. Similar to D2D, transmitter ID to be used for DMRS sequences can be a part of the transmitter ID described in higher layer, which can be contained in a MAC header. 
Also, it is possible to use the other field in SCI, e.g. priority message [1], to generate base sequence, CS or OCC instead of sequence ID. In the previous meeting, it is agreed as a working assumption that “SCI explicitly includes priority information”. If the priority index is mapped to a DMRS sequence and the number of high priority messages is assumed to be larger than that of low priority messages, it can be obtained that interference between DMRSs of high priority messages is reduced. One can use priority index to generate CS by 1:1 mapping. 
Proposal 2: A part of a transmitter ID described in higher layer is used instead of receiver ID to generate DMRS sequence, which can be contained in MAC header.
Proposal 3: The other field in SCI can be used to generate base sequence, CS or OCC. For example, priority index can be used to generate CS by 1:1 mapping.
In the table 2-1, CS and OCC use a separate part of sequence ID for PSSCH DMRS. It is because to make orthogonality between DMRS of UEs with different sequence ID. However, to obtain fully orthogonal sequence, it is necessary that sequence ID to be used in base sequence together with CS and OCC also separated in a sequence ID.
Proposal 4: For the DMRS sequence of PSSCH, transmitter ID is split into three parts; one part is used to determine base sequence, and another part is used to determine CS and the other part is used to determine OCC.
· Group hopping of PSSCH
In the DMRS sequence of Rel.12 sidelink, group hopping is conducted per slot in terms of sequence generation. Note that since Rel.12 sidelink DMRS has just one DMRS symbol per slot, group hopping is conducted per DMRS symbol. However, there are 2 DMRS symbols per slot in Rel.13 V2V. There is an issue how to extend 2 symbol DMRS hopping pattern to 4 symbol DMRS pattern.

Observation 1: There is an issue how to extend 2 symbol DMRS hopping pattern to 4 symbol DMRS hopping pattern.
To support it, two alternatives can be thought as follows: 

Alt. 1: Hopping per slot
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Alt. 2: Hopping per DMRS symbol
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Alt.1 has a less spec impact than Alt.2. However, Alt.2 can have better performance.
Proposal 5: Group hopping is conducted per slot or per DMRS symbol for PSSCH.
· OCC of PSSCH
In the DMRS sequence of Rel.12 sidelink, there are two values of OCC; [1 1] and [1 -1]. For Rel.13 V2V, to cover 4 DMRS symbols, 4 OCC values can be used. However, if it would be difficult to differentiate OCC values by high Doppler effect, we can set one fixed value for OCC, or use just two OCC values by applying them between slot.
Proposal 6: To avoid high Doppler effects, two OCC values between slot or fixed OCC value is used.
· DMRS sequence of PSCCH

In the DMRS sequence of Rel.12 sidelink, DMRS is fixed to one sequence for PSCCH. Not to permit blind decoding, DMRS sequence of PSCCH does not use group hopping. Also, unless there is a critical problem, group number u is fixed to 0. Consequently, DMRS sequence of PSCCH follows Rel.12 D2D.
Proposal 7: DMRS sequence of PSCCH follows Rel.12 D2D.
3. Conclusion
This contribution discussed the detailed DMRS sequences for PSCCH and PSSCH. The observation and proposals based on the discussion are given as follows:
Proposal 1: DMRS symbols are located on the symbols #1 #4 #7 #10 for the extended CP.
Proposal 2: A part of a transmitter ID described in higher layer is used instead of receiver ID to generate DMRS sequence, which can be contained in MAC header.

Proposal 3: The other field in SCI can be used to generate base sequence, CS or OCC. For example, priority index can be used to generate CS by 1:1 mapping.

Proposal 4: For the DMRS sequence of PSSCH, transmitter ID is split into three parts; one part is used to determine base sequence, and another part is used to determine CS and the other part is used to determine OCC.

Observation 1: There is an issue how to extend 2 symbol DMRS hopping pattern to 4 symbol DMRS hopping pattern.
Proposal 5: Group hopping is conducted per slot or per DMRS symbol for PSSCH.
Proposal 6: To avoid high Doppler effects, two OCC values between slot or fixed OCC value is used.
Proposal 7: DMRS sequence of PSCCH follows Rel.12 D2D.
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