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Introduction
In RAN1 #88bis meeting, the potential Tx diversity schemes for PC5 are discussed, particularly with some agreements on evaluation assumptions and candidate Tx diversity schemes to be evaluated [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

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 fulfill objective 2 of the WID
Agreement:
· Applied method on “Orphan” symbol issue in STBC should be provided if STBC is applied
· Precoding details of PVS should be illustrated following with evaluation results
· When only one antenna port is applied, legacy DMRS pattern is reused.
· For the case that more than one antenna port is applied, the time location of DMRS is the same as Rel-14.
· Channel estimation and demodulation details should be provided by proponents
· There should be analysis on impact to Rel-14 UE provided following with evaluation assumption and link and/or system simulations, including interference increase of Rel-15 UEs over Rel-14 UEs 
· Details FFS 
Note: Legacy DMRS pattern includes Rel-14 DMRS time-frequency location, sequence, cyclic shift and single antenna port

In this contribution, the details about the candidate Tx diversity schemes are further discussed.
Discussion
DMRS antenna port(s) in PC5
According to the WI scope in 3GPP V2X phase 2, if Tx diversity is employed in data transmission, the data resource used for Tx diversity should be sensed by legacy UE, and then legacy UE can avoid resource collision. Therefore, with compatible SA format, in order to facilitate the DMRS RSRP measurements in data resource, it also requires that the Rel-15 V2X UE shall transmit compatible DMRS sequence in same DMRS symbol even for the Tx diversity transmission.
For the case that more than one antenna port is applied in the candidate Tx diversity schemes, in order to facilitate the DMRS RSRP measurements, the DMRS sequence in one of the antenna ports shall be same as that of Rel-14. If the Tx diversity schemes require that the receiver should differentiate the two antenna ports (e.g. STBC, SFBC.), the DMRS sequence in another antenna port can be generated by different DMRS cyclic shift. Otherwise, the DMRS sequences in both antenna ports are same. 



Figure 1: DMRS antenna ports

Proposal 1: For the case two antenna ports are applied, the DMRS sequence in one of the antenna ports shall be same as that of Rel-14, and the DMRS sequence in another antenna port could be differentiate by different cyclic shift.
 Details about the candidate Tx diversity schemes in PSSCH
The details about the Tx diversity schemes are provided as following:
· STBC, as shown in Figure 2.
The symbols sent from two antennas over two paired SC-FDM symbols form an orthogonal Alamouti code. STBC requires even number of OFDM symbols, which can obtain full diversity gain.
The details of the orphan and paired symbols are illustrated in Figure 3. With the consideration of AGC and GP symbols, two orphan symbols are assigned to AGC and GP symbols, others symbols can construct paired symbols. The orphan symbols in AGC and GP symbol can be transmitted by repetition manner in two antennas. 
 


Figure 2: STBC Tx diversity


Figure 3: STBC symbols pairing in V2X subframe

· SFBC, as shown in Figure 4.
Similar as 2 antenna Tx diversity in DL, the adjacent REs in frequency domain will be constructed as a paired RE. This scheme can obtain full diversity gain. However, it breaks the single carrier property, and leads to higher PAPR. 


Figure 4: SFBC Tx diversity scheme
· PVS in time domain, as shown in Figure 5.
A V2X normal subframe can be split into four precoding sub-blocks, each sub-block has one DMRS symbol. In order to obtain diversity gain, each sub-block randomly selects a precoding vector from a precoding vector set. The precoding vector set includes following precoding vectors:
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Figure 5: PVS in time domain

The evaluation simulation results on the above Tx diversity schemes are provided in company’s contribution [2]. It can be also observed that both STBC an SFBC schemes perform better performance gain compare to other Tx diversity schemes. Therefore, either STBC or SFBC scheme shall be applied for Rel-15 PSSCH.
Proposal 2: Either STBC or SFBC scheme shall be applied for Rel-15 PSSCH.
Conclusion
In this contribution, the details of antenna ports and Tx diversity schemes in PSSCH are discussed. Particularly, we have following proposals:
Proposal 1: For the case two antenna ports are applied, the DMRS sequence in one of the antenna ports shall be same as that of Rel-14, and the DMRS sequence in another antenna port could be differentiate by different cyclic shift.
Proposal 2: Either STBC or SFBC scheme shall be applied for Rel-15 PSSCH.
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