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Introduction
In 3GPP TSG RAN Meeting #75, the WI on 3GPP V2X phase 2 was endorsed with one of objectives related to RAN1as below [1]:
	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, we presents an overview of transmit diversity transmission on PC5, which put together the transmit scheme of PSCCH/PSSCH, DMRS design, consideration on channel sensing and design of control signalling. 
Transmit diversity transmission on PC5
First regarding the transmit diversity of PSCCH, in our view, only the spec-transparent schemes are feasible since the WID has requirement that the SCI format sent by Rel-15 UE should be decodable by Rel-14 UEs. Any transmit diversity schemes that does not impair the assumption of single-port transmission of PSCCH with 4 single-port DMRS symbols per subframe would be feasible solution. One example scheme is the small cyclic delay diversity (CDD). Another example scheme is the UE can switch the transmit antenna or precoder on two repeated transmission if the transmitter UE choose re-transmission of PSCCH and PSSCH.
Proposal 1: Spec-transparent transmit diversity scheme for PSCCH should be supported in rel-15.

There is no requirement for Rel-14 UEs to decode all the PSSCH transmission from one Rel-15 UE. So non-spec-transparent transmit diversity scheme can be considered for PSSCH transmission. Examples of non-spec-transparent transmit diversity schemes can be SFBC, STBC, large CDD, pre-coding vector switching (PVS) in frequency domain and PVS across slots. Non-spec-transparent needs spec support, for example, defining multiple antenna ports for DMRS. However, higher diversity gain is expected. For more detailed discussion on transmit diversity transmission of PSSCH, please refer to our companion contributions [2][3]. In our view, 2-antenna port transmit diversity scheme for PSSCH achieves a good trade-off between diversity gain and spec complexity and impact on resource sensing/selection. Therefore, we make the following proposal:
 Proposal 2: Two-antenna ports transmit diversity transmission for PSSCH should be supported in rel-15.

To support 2-antenna ports transmit diversity transmission for PSSCH, we need 2-antenna port DMRS design for PSSCH. It is required that Rel-15 UEs should co-exist in the same resource pools with Rel-14 UEs. Therefore, the DMRS sent by Rel-15 UEs should be useable for PSSCH-RSRP measurement for Rel-14 UEs and the impact on resource sensing and selection should be minimized. For that reason, a basic requirement for new DMRS design is that only those 4 DMRS symbols of Rel-14 PSSCH can be used for DMRS transmission for PSSCH with transmit diversity transmission. There exist a few alternatives for 2-port DMRS designs. Two-port DMRS transmission that supporting transmit diversity transmission could have impact on channel sensing and resource selection. For example, Rel-14 UEs can only measure DMRS sent from one antenna port or treating both DMRS ports as one port in PSSCH-RSRP measurement, which can affect the PSSCH-RSRP measurement accuracy potentially. More detailed discussion on 2-port DMRS design and the impact of 2-port DMRS is given in our companion contributions [2][4].
To support transmit diversity of PSSCH, both SCI format 1 and sidelink DCI sent on Uu interface need update or new definition. SCI format 1 should be re-used by Rel-15 UEs for scheduling assignment on sidelink because it is required that scheduling assignment format can be decoded by Rel-14 UEs. However, one or a few bits in SCI format 1 need to be used to indicate the information of transmit diversity transmission of PSSCH so that the Rel-15 UE is able to figure out how to receive one PSSCH, i.e., single-port vs transmit diversity. For mode-3 V2X UEs, one issue is how to configure the transmit diversity transmission for PSSCH. One option is the NW can configure it semi-statically or dynamically. Another option is the UE can choose it autonomously. Different options would result in different signaling design. More detailed discussion is given in companion contribution [5].
Conclusions
In this contribution, we presented our overview on transmit diversity transmission on PC5. The following observations and proposals are made:
Proposal 1: Spec-transparent transmit diversity scheme for PSCCH should be supported in rel-15.
Proposal 2: Two-antenna port transmit diversity transmission for PSSCH should be supported in rel-15.
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