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1. Introduction
In RAN#75, a work item (WI) on V2X Phase2 was officially approved [1], and feasibility and initial evaluations of TxD are discussed in previous meeting. In this contribution, we discuss and conclude TxD feasibility and gain considering the observations on the candidate TxD schemes in [2, 3].
2. Transmit Diversity Scheme for PC5 operation
In RAN#88 bis meeting, candidates of TxD scheme were listed as follows:
Agreement:
· At least the following candidate TxD schemes for PSSCH transmission to be evaluated:

· Small delay CDD

· STBC (including half symbol STBC proposal in [1])

· SFBC

· PVS in time domain

Note: other schemes are not precluded

Agreement:
· At least the following candidate TxD schemes for PSCCH transmission to be evaluated:

· Small delay CDD

· Note: other schemes are not precluded provided that they fulfil objective 2 of the WID

Link level performance of TxD schemes was provided in [3] which summarized the results of TxD gain like following: 
· The performance of SFBC is better than that of single antenna transmission by 2~2.5dB gains at 10^-2 BLER in case of low mobility scenario.[3]
· Results provided by STBC and SFBC showed at most 2.7dB gain relative to the single antenna port transmission scheme in case of low mobility and high order modulation scenario.[4]
· In case of high mobility scenario, TxD schemes with low modulation order (QPSK) almost do not have performance gain relative legacy R14. And less than 1dB gain is observed even for high modulation order (16QAM).[4]
Observation 1: SFBC shows the best performance gain out of TxD candidates in low mobility scenario, it shows small performance gain in high mobility.
3. Impact on performance of LTE V2X Rel-14 UEs
Even though a non-transparent TxD scheme such as SFBC may have performance benefit from the perspective of link level, its introduction and usage need to be carefully considered from the perspective of system level, especially under the scope of this study item where such Rel-15 transmissions share resource pools with Rel-14 UEs. Furthermore, a non-transparent TxD scheme has more than 2 ports, and there exist at least 3dB loss in PSSCH RSRP measurements at Rel-14 UEs. 
From the perspective of system level, firstly, Rel-15 UEs should not transmit messages using a non-transparent TxD scheme if the messages need to be received by Rel-14 UEs sharing the same resource pool. Thus, from the radio layer perspective, a method needs to be defined in order to figure out which messages can use TxD schemes. For example, use of a non-transparent TxD scheme can be determined based on PPPP which reflects the service a certain message is originated.
Secondly, Rel-15 UEs should not use a non-transparent TxD scheme if system level performance impact is expected. To be specific, using a non-transparent TxD scheme is not desirable in a congested situation because it disables antenna-domain separation of transmissions from different UEs on overlapping time/frequency resources (i.e., MU-MIMO-like reception of two UE’s transmissions at the receiver). In order to address this case, CBR can be considered as one criterion of the use of a non-transparent TxD scheme.
Considering these issues, if a non-transparent TxD scheme is supported, its usage should be limited to the scenarios where obvious usefulness and performance gain is expected.
Proposal 1: If a non-transparent TxD scheme is supported in PC5 operation, a mechanism is needed to define in which condition such TxD scheme can be used. The mechanism should ensure that such TxD scheme is used only when the message targets only Rel-15 UEs and the congestion level is low enough.

4. Conclusion
This contribution discussed on conclusion of transmit diversity feasibility and gain. Based on the discussion, the following observations and proposal were made:
Observation 1: SFBC shows the best performance gain out of TxD candidates in low mobility scenario, but it shows small performance gain in high mobility.
Proposal 1: If a non-transparent TxD scheme is supported in PC5 operation, a mechanism is needed to define in which condition such TxD scheme can be used. The mechanism should ensure that such TxD scheme is used only when the message targets only Rel-15 UEs and the congestion level is low enough.
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