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Introduction
A new WID on 3GPP V2X Phase 2 was agreed in RAN meeting#75 [1].
2. Study the feasibility and gain of PC5 operation with Transmit Diversity, assuming this PC5 functionality would co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs, and specify this PC5 functionality if justified. [RAN1, RAN2, RAN4]

In this contribution, the feasibility of PC5 operation with transmit diversity is analyzed. 
Feasibility and Technical considerations
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.
Potential schemes of transmit diversity
The following schemes can be considered for PC5 transmit diversity operation.
Scheme 1: Transmit diversity in LTE downlink
In scheme 1, the scheme of transmit diversity in LTE downlink can be reused in PC5. In LTE downlink, transmit diversity have been specified for transmission on two or four antenna ports. 
For receiving, the precoding operation and the number of antenna ports should be indicated to the receiving UEs. Otherwise, the operation of blind detection would be necessary.
Scheme 2: Cyclic delay diversity
In scheme 2, each signal over one antenna port is sent after a cyclic shift. For this new scheme, each signal with a cyclic shift can be regarded as a separate transmission path with different delay patterns. This scheme will not increase the complexity of the receiver. The benefit is that it can be an effective way to obtain gain from using multiple transmission paths with uncorrelated fading and different delay patterns.
Scheme 3: Antenna switching diversity
In scheme 3, different antennas are emitted at different time periods or different frequencies. The signal of one antenna port can be transmitted between these antennas. The benefit is that because the antennas will have uncorrelated fading characteristics, the signal will keep away deep fading. It is a simple scheme and there is no effect on reception.
The transmit diversity mode indication by SA
In scheme 2 and 3, no notification signal is required for the receiving UEs. But in scheme 1, it is better to have a notification signal to indicate to the receiving UE how to decode the signals.
The scheduling assignment (SA) content is defined in TS 36.212[2]. There is at least 7 bits that can be reused. For scheme 1, taking into account the need to distinguish the transmit diversity mode and the number of antenna ports, two bits would be needed. One is used to indicate the transmit diversity mode and the other one to notify whether two or four antenna ports are used.
How to use the reserved bits in SA for PC5 operation with transmit diversity should be considered together with other technical requirement in V2X phase 2 such as: CA on PC5 carrier, coexistence with mode 3 and mode 4 in one resource pool to name a few. 
Proposal 1: How to use the reserved bits in SA for PC5 operation with transmit diversity should be considered together with other technical requirement in V2X phase 2.
Effect on sensing process
The sensing process for resource selection in mode 4 is described in TS 36.213 [3]. The accuracy of the sensing results is associated with the measurement of PSSCH-RSRP. For scheme 2 and 3, the legacy demodulation reference signal (DMRS) can be reused. However, for scheme 1 the DMRS should be modified to support 2 or 4 antenna ports. To ensure the performance requirements are maintained, the structure of 4 DMRS symbols in one subframe should be kept.  But, some structure for DMRS may be introduced for scheme 1 such as: comb-type structure or sequence orthogonalization. This would have a significant effect on the accuracy of the sensing process. 
If scheme 1 is introduced in V2X phase 2, the following structures for DMRS can be considered:
Type 1: comb-type structure
Type 2: sequence orthogonalization
                           
(a) comb-type				                                                    (b) sequence orthogonalization
Figure 1: DMRS pattern in PSSCH for scheme 1
Since there is only one antenna port is used in scheme 2 and 3, it has no impact on DMRS and has no significant effect on the accuracy of the sensing process. The performance of the three schemes should be further evaluated.
Proposal 2: Regardless of which scheme is selected, the structure of 4 DMRS symbols should be maintained and the performance of the three schemes should be further evaluated.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Conclusion
In this paper, we analyzed the feasibility of three potential schemes of transmit diversity, the following proposals are given:
 Proposal 1: How to use the reserved bits in SA for PC5 operation with transmit diversity should be considered together with other technical requirement in V2X phase 2.
Proposal 2: Regardless of which scheme is selected, the structure of 4 DMRS symbols should be maintained and  the performance of the three schemes should be further evaluated.
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