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Introduction
In RAN1 #88bis meeting, the following agreements are achieved [1]:
Agreement:
· At least the following candidate TxD schemes for PSSCH transmission to be evaluated:
· Small delay CDD
· STBC (including half symbol STBC proposal in R1-1705002)
· SFBC
· PVS in time domain
Note: other schemes are not precluded
In RAN1 #89, more agreements are achieved [2]:
Agreement:
· Legacy Rel-14 DMRS pattern with single antenna port, including time-frequency location, sequence, and cyclic shift, is applied to PSCCH transmission.

[bookmark: _GoBack]In this contribution, some candidate solutions for sidelink transmit diversity are preliminary analysis. Based on the non-transparent schemes, the two ports DMRS designs are discussed also.
Candidate transmit diversity schemes for PSSCH
The technique of transmit diversity is proven to be an effective way to obtain spatial/frequency/time diversity gain and to mitigate the impact of multipath fading by using multiple antennas with uncorrelated fading. When transmit diversity is used the effects of fading can be diminished by transmitting the same information from different antennas.
In this section, we analyzed the operation of selected TxD schemes which are illustrated in Figure 1.The following candidate schemes of transmit diversity for PSSCH are carefully considered and evaluated in [3].
Scheme 1: Small delay cyclic delay diversity
	This scheme can be implemented by adding cyclic delay at antenna ports after IFFT, as shown in Figure 1 (a). Each antenna port can be seen as a ray in space.  It is widely feasible for all radio channels.
Scheme 2: SFBC
SFBC encoding is performed over adjacent subcarriers, as shown in Figure 1 (b). It should be noted that, this scheme has high CM statics than other schemes.
Scheme 3: STBC
STBC can be done within two paired symbols, as shown in Figure 1(c). This requires even number of SC-FDM symbols in one subframe for mapping PSSCH. Consideration the subframe structure of PSSCH, the last one symbol is as GP. Thus there is an orphan symbols without STBC coding. The diversity gain of this symbol will be degraded.


(a) Small Delay CDD


(b) SFBC


(c) STBC
[bookmark: _Ref478160956]Figure 1: Candidate TX Diversity Schemes for PSSCH.
From above schemes, scheme 2 and 3 are not transparent for Rel-14 UEs. The data encoded by these scheme, cannot be decoded by R14 UEs. Thus, a signal sent to receiving UE is needed to indicate the TxD encoding scheme. Two port DMRS solution is also needed. Scheme 1 is good with Rel-14 UEs and has no influence to sensing process in Rel-14. 
Observation 1: Small CDD has less effect to legacy UEs and very little standardization work.
DMRS designs for two ports
The sensing process for resource selection in mode 4 is described in TS 36.213 [4]. The accuracy of the sensing results is associated with the measurement of PSSCH-RSRP. For Transparent transmit diversity schemes (e.g. scheme 1), the legacy demodulation reference signal (DMRS) can be reused. However, for non-transparent transmit diversity schemes (e.g. scheme 2 and 3), the DMRS should be modified to support 2 antenna ports. A structure for DMRS may be introduced for the non-transparent transmit diversity schemes, such as: FDM type structure or CDM type structure, as shown in Figure 2. 
If non-transparent transmit diversity schemes are introduced in V2X phase 2, the following structures for DMRS can be considered:
Type 1: FDM type structure 
Type 2: CDM type structure
[image: ][image: ]
(a) FDM type structure			                                                    (b) CDM type structure
Figure 2: DMRS pattern in PSSCH for non-transparent transmit diversity schemes
Analysis these two types of DMRs structure, it is non-transparent for Rel-14 UEs. Obviously this would have a significant effect on the accuracy of the sensing process. Even though one port DMRS is reused the legacy DMRS in REL-14, there is still 3dB error for sensing process. 
Observation 2: Introducing two port DMRS has significant effect on the accuracy of the sensing process.
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Conclusion
In this paper, the candidate schemes for sidelink transmit diversity are analyzed, the following observations are given:
Observation 1: Small CDD has less effect to legacy UEs and very little standardization work.
Observation 2: Introducing two port DMRS has significant effect on the accuracy of the sensing process.
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