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Introduction
In RAN1 #88bis meeting, the following agreements are achieved [1]:
Agreement
· For link level simulation (SNR vs. BLER) to investigate TxD gains for performance of V2X is applied for PSSCH and PSCCH. 
	Parameters
	Value

	Carrier frequency
	6GHz

	Antenna number 
	2 x 2

	Channel model
	LOS/NLOS in TR36.885 (linear polarization, half-lambda spacing)

	Vehicle speed (absolute)
	15 km/h, 140km/h, 250km/h, 60 km/h optional

	MCS
	QPSK 1/2, 16QAM ½

	Payload size for PSSCH
	300 bytes, 190 bytes



Agreement:
· Frequency offset modelled as in TR36.885
Agreement:
For analysis of the impact of interference on link performance:
· TxD schemes are analyzed in terms of impact on R14 V2V performance in interference limited scenario
· BLER vs SINR is evaluated for 3 scenarios: Rel-14 interference, Rel-15 interference and AWGN 
· SNR = 25dB (applicable to Rel-14 and Rel-15 interference scenarios)
·  SINR varies in the range -5:20 dB, MMSE Receiver for Rel-14 UEs. One interferer assumed
· Sensitivity to different R15 TxD interference signals is analyzed
· Note: full impact on legacy UEs require system level simulations
At RAN1 #91 meeting, the following agreement was achieved [2]:
[bookmark: OLE_LINK8]Agreement
· Assuming the previous WA of introducing non-transparent transmit diversity is confirmed, for two-port non-transparent transmit diversity for PSSCH, downselect option 1 as WA among the following candidate schemes 
· Working assumption: Option 1: SFBC-based scheme (including PAPR preserving)
· FFS whether to apply slot-level PVS 
· Option 2: STBC-based (including half symbol)
Note: Companies are encouraged to perform evaluations for the above options
In RAN1 #90bis meeting [3], small delay CDD is agreed as transmit diversity scheme for PSCCH. For PSSCH, the performance of transmit diversity schemes for PSSCH should be further evaluated. 
In this contribution, the performance of SFBC and STBC for PSSCH is evaluated. 
Evaluation results
Evaluation results of PSSCH
For PSSCH, the following two candidate schemes of transmit diversity were evaluated:
· Scheme 1: Space frequency block codes (SFBC)
· Scheme 2: Space time block code (STBC)
At RAN1 90bis, it is agreed that for PSSCH, specifications support rate-matching applied over the last symbol for all modulation orders [3]. In the following evaluation, the performance of transmit diversity schemes is evaluated within AWGN interference in the range of -5:20 dB, and rate-matching is applied over the last symbol. The simulation results of PSSCH in speeds of 140km/h, 60km/h, 15km/h are shown in Figure 1. 
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(c)15km/h
Figure 1: BLER with AWGN of PSSCH 
From the evaluation results above, we can see that the performance of SFBC is slightly better than STBC in various speed cases.  
[bookmark: OLE_LINK5]Observation 1: The performance of SFBC is slightly better than STBC for PSSCH in V2X phase 2.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Conclusion
[bookmark: OLE_LINK3]In this paper, the performance of transmit diversity schemes for PSSCH is evaluated, including SFBC and STBC. Based on the evaluation results, the following observation is given:
Observation 1: The performance of SFBC is slightly better than STBC for PSSCH in V2X phase 2.
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Appendix:
Table 1: Simulation parameters
	Parameters
	Value

	Carrier frequency
	6GHz

	Antenna number 
	2 x 2 for SFBC and STBC

	Channel model
	LOS/NLOS in TR36.885 (linear polarization, half-lambda spacing)

	Vehicle speed (absolute)
	15km/h, 60km/h, 140 km/h 

	MCS
	QPSK, code rate 1/2 for PSSCH

	Rx Scheme
	MMSE-MRC

	Payload size for PSSCH
	190 bytes
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