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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
In RAN1 #89 meeting, further agreement are achieved [2]:
Agreement:
· Legacy Rel-14 DMRS pattern with single antenna port, including time-frequency location, sequence, and cyclic shift, is applied to PSCCH transmission.
Working Assumption:
· MMSE-MRC receiver is the baseline for Rel-14 UEs
· Companies can bring results with advanced receivers for Rel-14 UEs

In this contribution, the evaluation results of PSCCH and PSSCH with transmit diversity schemes are presented. 
Evaluation results
Evaluation result of PSCCH
In RAN1 #89 meeting, it is agreed that the legacy Rel-14 DMRS pattern with single antenna port is applied to PSCCH transmission. Thus, only small delay CDD is considered as the transmit diversity solution in PSCCH.
The evaluation result of PSCCH is shown in Figure 1.
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Figure 1: BLER of PSCCH (QPSK, Umi, 60km/h)
As can be seen from the result in Figure 1, small delay CDD has good gain in terms of BLER vs. SNR. Thus, we propose that small delay CDD is supported as the transmit diversity solution for PSCCH.
Proposal 1: Small delay CDD is used as the transmit diversity solution of PSCCH.
Evaluation results of PSSCH
For PSSCH, comparing legacy Rel-14, the following candidate schemes of transmit diversity were evaluated:
Scheme 1: Space frequency block codes (SFBC)
Scheme 2: Space time block code (STBC)
Scheme 3: SFBC with precoding vector switching (PVS) in time domain
Scheme 4: Small delay cyclic delay diversity

In order to compare the performance of transmit diversity schemes, we evaluated these schemes within AWGN interference in the range of -5:20 dB, as shown in Figure 2. 
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Figure 2: BLER with AWGN of PSSCH (Umi in 60km/h)
From the evaluation results above, we can see that the performance of transmit diversity schemes have significant gain compared to legacy Rel-14 UEs. SFBC and STBC have almost the same performance (Note: The outliner symbol of STBC is not considered in this simulation.). 
Observation 1: SFBC and STBC have almost the same performance without considering the outliner symbol problem of STBC.
Evaluation results of DMRS types
To investigate the impact of PSSCH-RSRP measurement of legacy (Rel-14) UEs, the following cases are evaluated, in which, PSSCH-RSRP with different DMRS types is measured by a Rel-14 receiver, which is described in [3]. In this simulation, we assume that SFBC is used as the transmit diversity scheme for PSSCH. The link level evaluation results are present as Figure 3.
Case 1: FDM type structure 
Case 2: TD-OCC: The orthogonal cover code (OCC) performed in each symbol in time domain.
Case 3: FD-OCC: The orthogonal cover code (OCC) performed in each RE in frequency domain.
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Figure 3: BLER with different DMRS type of PSSCH (140km/h)
From the simulation results, it can be seen that FDM type and FD-OCC type have almost the same performance, but the performance of TD-OCC is much worse than the others. Furthermore, there are two main reasons for TD-OCC poor performance. One reason is the sparse channel estimation in time domain. Based on four DMRS symbols, at most three-channel estimation value can be derived in time domain under TD-OCC DMRS type. This does not satisfy the density of DMRS demand especially for the extremely high-speed case. The second reason is that the two paired symbols seems too far in time to be used for channel estimation. The estimation error between two ports cannot be eliminated. In this simulation, the DMRS symbols are in symbol 2, 5, 8, 11. From every two symbols one channel estimation can be derived as show in Figure 4.  The three channel estimate values (d1, d2, d3) are used in symbol 2, 5, 8. For symbol 11, the third channel estimate value d3 is reused.


Figure 4: channel estimation of TD-OCC

Observation 2: TD-OCC typed DMRS cannot be used in V2X phase 2. 
Observation 3:  FDM or FD-OCC type DMRS have almost the same performance and either one can be used in V2X phase 2.
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Conclusion
[bookmark: OLE_LINK3]In this paper, the performance of candidates of transmit diversity schemes and the performance of SFBC with different DMRS types are evaluated. Based on the evaluation results, the following proposal and observations are given:
Proposal 1: Small delay CDD is supported as the transmit diversity solution of PSCCH.
Observation 1: SFBC and STBC have almost the same performance without considering the outliner symbol problem of STBC.
Observation 2: TD-OCC typed DMRS cannot be used in V2X phase 2.
Observation 3:  FDM or FD-OCC type DMRS have almost the same performance and either one can be used in V2X phase 2.

References
[1]3GPP RAN1 Chairman’s Notes, RAN1 #88bis, April 2017, 3GPP.
[2]3GPP RAN1 Chairman’s Notes, RAN1 #89, April 2017, 3GPP.
[3] R1-1717102, “Discussion on transmit diversity for PC5”, ZTE.
Appendix:
Table 1: Simulation parameters:
	Parameters
	Value

	Carrier frequency
	6GHz

	Antenna number 
	2 x 2 for Small delay CDD, SFBC and STBC

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

	Vehicle speed (absolute)
	140 km/h 

	MCS
	QPSK 1/2 f or PSSCH, QPSK 1/3 for PSCCH

	DMRS type
	FDM type, FD-OCC, TD-OCC

	Rx Scheme
	MMSE-MRC

	Payload size for PSSCH
	300 bytes
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