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1 Introduction
In RAN1 #92, the following conclusion was reached on transmit diversity for V2X phase 2:
	Conclusion: 

· There is not consensus to confirm the working assumption to adopt non-transparent tx diversity, due to concerns on the impact on Rel-14 UEs with IRC receivers

· Can consider further at RAN1#92bis whether the same SD-CDD scheme as PSCCH can be applied to PSSCH. 

· FFS whether there is any spec impact (e.g. depending on choice of delay value(s))

· Check CDD performance at different UE speeds

· Evaluations should use practical CFO estimation


Based on RAN4 evaluation (LS response R4-1713925) and further discussion in RAN1 #92, introduction of non-transparent diversity scheme for PSSCH may lead to impact on R-14 UEs, primarily to R14 UEs with IRC receiver. For that reason, there was no conclusion to confirm the working assumption on introduction of non-transparent diversity scheme. 

Following the chairman’s guidance in RAN1 #92, we focus on SCDD support for PSSCH.
2 Transparent scheme (SCDD) for PSCCH/PSSCH
We already agreed SCDD can be supported for PSCCH. In our view, the same transmit diversity scheme can be supported for PSSCH. Moreover, support of SCDD for both PSCCH and PSSCH will also benefit the performance of Rel-14 UEs. Furthermore, having a common transmit diversity scheme simplifies the transmitter processing and specification impact.
2 Simulation results
In this subsection, we present some simulation results for single-port (1x2) and SCDD (2x2) for PSSCH. The link level simulation assumptions are listed in Table 1. The delay for CDD scheme was kept the same for all scenarios, and further optimization based on speed can improve the performance.
Table 1: Simulation assumptions

	Parameter
	Value

	Channel bandwidth
	10 MHz

	TBS
	2008 (without CRC)

	Modulation(s)
	QPSK, 16-QAM

	PRB allocation
	25 PRBs (QPSK); 12 PRBs (16-QAM)

	Tx/Rx configuration
	1x2 (single-port transmissions);

2x2 (SCDD)

	Channel estimation
	MMSE 

	Rx combining 
	MMSE

	Channel model
	UMi NLOS [36.885]

	Absolute vehicle speed
	15 km/h; 140 km/h

	CFO estimation
	Practical (intra-symbol CFO estimation)
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Figure 1: QPSK rate 1/2, SCM UMi RVM, 15+15kmphr
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Figure 2: QPSK rate 1/2, SCM UMi RVM, 140+140kmphr
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Figure 3: 16QAM rate 1/2, SCM UMi RVM, 15+15kmphr
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Figure 4: 16QAM rate 1/2, SCM UMi RVM, 140+140kmphr


From the results, it can be observed that SCDD offers some performance advantage that can be exploited by both R14 and R15 receivers UEs. The gains depend on the scenario, delay, and the operating regime that be optimized at the transmitter.

Proposal 1: SCDD is supported for both PSCCH and PSSCH.

2 Specification impact
In RAN1#92, there was a discussion on the specification impact (if any) for support of SCDD for PSCCH and PSSCH. In our understanding, there are three options:
· Option 1: Support SCDD in a specification transparent manner.

· The delay applied is left up to UE implementation.

· RAN4 to specify the maximum timing alignment error requirements that will determine the maximum delay that can be applied by the UE. Note this is needed for receiver perspective.

· Option 2: Support SCDD in a specification transparent manner, with the maximum delay that can be applied is a RRC parameter.

· Same as option 1, with the RAN4 requirements also dependent on this RRC (pre)configured value

· Option 3: Fully specify SCDD (i.e. similar to LCDD) with RRC (pre)configured delay

· It should also be specified that the scheme is transparent from receiver perspective.

In our view, Option 1 is the simplest and follows the precedence from LTE and NR specifications. 

It should also be noted that support of transparent diversity scheme requires support of two transmit chains, that cannot be assumed to be present in all UEs. Hence support of SCDD transmissions should be up to UE capability. For Rx perspective, however, support of SCDD is transparent.

Proposal 2: Support SCDD in a specification transparent manner.

· The delay applied is left up to UE implementation.

· RAN4 to specify the maximum timing alignment error requirements that will determine the maximum delay that can be applied by the UE. 

Proposal 3: Support of SCDD transmission for PSCCH and PSSCH is up to UE capability.
3 Conclusions

In this contribution, discussed transmit diversity for PSSCH in V2X phase 2 and made the following proposals.

Proposal 1: SCDD is supported for both PSCCH and PSSCH.

Proposal 2: Support SCDD in a specification transparent manner.

· The delay applied is left up to UE implementation.

· RAN4 to specify the maximum timing alignment error requirements that will determine the maximum delay that can be applied by the UE. 

Proposal 3: Support of SCDD transmission for PSCCH and PSSCH is up to UE capability.
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