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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 fulfil objective 2 of the WID
In this contribution, we will provide some initial evaluation results on the above candidate Tx diversity schemers for PSSCH transmission. The details about the evaluated Tx diversity schemes are illustrated in company’s contribution [2]. 
Evaluation assumptions
The following Tx diversity schemes for PSSCH are evaluated based on the evaluation assumptions in Table 1:
· Baseline: Rel-14 single antenna transmission scheme.
· SFBC: The REs are paired in adjacent subcarrier, which will introduce higher PAPR.
· STBC: The first and the last symbols are employed as “orphan” symbols, other data symbols are paired subsequently. 
· PVS in time domain: Each subframe is divided into 4 precoding sub-blocks, and each sub-block randomly selects a precoding vector from a precoding vector set.  
Table 1: Evaluation assumptions
	Parameters
	Value

	Carrier frequency
	6GHz

	Antenna number 
	2 x 2

	Channel model
	LOS in TR36.885, 
NLOS in  TR36.885

	Antenna pattern
	linear polarization, half-lambda spacing

	Vehicle speed (absolute)
	15 km/h, 60 km/h 

	MCS
	16QAM, 1/2

	Payload size for PSSCH
	300 bytes

	PRB numbers
	12

	Channel estimation
	MMSE: Rel-14 single port, SFBC, STBC
LS: PVS in time domain

	Receiver
	MMSE

	Frequency offset correction
	No frequency offset correction algorithm


Initial evaluation results
The link level simulation results are provided in Figure 1 to Figure 4. It can observe that the PVS in time domain performs the worst link performance, especially for the cases that channel is varied rapidly. It is mainly due to the fact that only single DMRS symbol can be employed for channel estimation for each sub-block, which will deteriorate the channel estimation performance.  Furthermore, it can be also observed that both STBC an SFBC schemes perform better performance than Rel-14 transmission scheme. STBC scheme has similar link performance as SFBC schemes in medium UE speed. Since STBC schemes will not increase the PAPR compare to Rel-14 transmission scheme, STBC schemes should be further studied in eV2X.  
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Figure 1: Evaluation results for LOS channel with 15 km/h
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Figure 2: Evaluation results for LOS channel with 60 km/h
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Figure 3: Evaluation results for NLOS channel with 15 km/h
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Figure 4: Evaluation results for NLOS channel with 60 km/h

Observation 1: Both STBC and SFBC schemes provide obvious link performance gain comparing to Rel-14. 
Observation 2: STBC scheme has similar link performance as SFBC schemes in medium UE speed.
Observation 3: PVS in time domain provide the worst link performance due to the worse channel estimation performance.

Proposal: Either STBC or SFBC could be applied to Rel-15 eV2X for PSSCH transmission.

Conclusion
In this contribution, the different Tx diversity schemes are evaluated. Particularly, we have following observations and proposal:
Observation 1: Both STBC and SFBC schemes provide obvious link performance gain comparing to Rel-14. 
Observation 2: STBC scheme has similar link performance as SFBC schemes in medium UE speed.
Observation 3: PVS in time domain provide the worst link performance due to the worse channel estimation performance.

Proposal: Either STBC or SFBC could be applied to Rel-15 eV2X for PSSCH transmission.
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