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1	Introduction 
A new WID on 3GPP V2X Phase 2 was agreed in RAN meeting#75 [1], with the transmit diversity described as follows:

2. Study the feasibility and gain of PC5 operation with Transmit Diversity, assuming this PC5 functionality would co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs, and specify this PC5 functionality if justified. [RAN1, RAN2, RAN4].
In RAN1#89, the potential transmit diversity schemes were initially discussed and the following agreement and working assumption were reached [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 paper, performance evaluations are made for the candidate transmit diversity schemes on V2X phase 2 which are discussed in accompanying paper [3]. The conclusions on the transmit diversity for V2X phase 2 are discussed and provided in [4]. 
 
2	Transmit diversity schemes
For PSCCH, a transparent transmit diversity scheme shall be used in order to be decoded by the legacy Rel-14 UEs. As per discussions at a previous RAN1 meeting, small-delay CDD could be used for PSCCH as transparent transmit diversity scheme. It was evaluated for PSCCH transmissions in this paper as shown in section 3. 
For PSSCH, transparent or non-transparent transmit diversity scheme could be used to improve the link performance. Although there are multiple possible transmit diversity schemes for PSSCH, but considering the potential problems of STBC (orphan symbol issue and its sensitivity to high Doppler in high mobility) and PVS-Time (channel estimation degradation in high mobility), three other candidate transmit diversity schemes are focused and discussed in accompany paper [3], that is, SFBC, SD-CDD and Comb-Data diversity. These candidate transmit diversity schemes are evaluated in this paper as shown in section 4. 

3 	Evaluation results of PSCCH with TxD
The evaluation conditions for PSCCH are shown in Table 1 in appendix A. The evaluation results are shown in Figure 1 for relative velocities of 30kmph, 280kmph and 500kmph, respectively. In the simulations, the cyclic delay of SD-CDD is set to about 1us. 
From the PSCCH evaluation results, we can get the following observations
Observation 1: For PSCCH, SD-CDD achieves diversity gains (generally limited) at low to medium mobility. 
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(a) 30kmph                                                                               (b) 280kmph
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(c) 500kmph
Figure 1: PSCCH evaluation results

4	Evaluation results of PSSCH with TxD
As discussed above, three candidate transmit diversity schemes are evaluated for PSSCH, i.e. SFBC, SD-CDD and Comb-Data diversity. Evaluation results of these transmit diversity schemes are introduced in this section. Two parts of evaluation results are provided: evaluation results in noise-limited scenarios and results in interference-limited scenario, which are discussed in the following subsections respectively. 

4.1 Noise-limited evaluation results
The evaluation conditions for PSSCH with transmit diversity in noise-limited scenarios are shown in Table 2 in appendix A. The evaluation results are shown in Figure 2 for QPSK (30/280/500kmph), 16QAM (30/280/500kmph) and 64QAM (30kmph) respectively.  
From the PSSCH evaluation results in noise-limited scenarios, we can get the following observations
Observation 2: SFBC achieves the best link performances with diversity gains of about 3~4dB (at BLER of 0.01) compared with single antenna transmissions. 
Observation 3: In most cases SD-CDD achieves diversity gains of about 1~2dB (at BLER of 0.01) compared with single antenna transmissions. However, the diversity gains may degrade severely with high modulation order and/or high mobility. 
Observation 4: In most cases Comb-Data diversity achieves diversity gains of about 2dB (at BLER of 0.01) compared with single antenna transmissions. It outperforms SD-CDD in most cases especially with high modulation order and/or high mobility. 
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(a)   QPSK, 30kmph                                                     (b) QPSK, 280kmph
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(c) QPSK, 500kmph                                                           (d) 16QAM, 30kmph
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(e) 16QAM, 280kmph                                                           (f) 16QAM, 500kmph
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(g) 64QAM, 30kmph
Figure 2: PSSCH evaluation results

4.2 Interference-limited evaluation results
The evaluations in interference-limited case introduced in this subsection aim to clarify the concerns of the potential impact of transmit diversity PSSCH transmissions on the receiving performance of the legacy Rel-14 UEs as the Rel-15 PSSCH transmissions may co-exist with Rel-14 PSSCH in the same resource pool. 
As per discussions in previous meetings, in the simulations the useful signal transmitter and the receiver are assumed to be both Rel-14 UEs and there is one interfering transmissions of PSSCH with transmit diversity. The useful PSSCH signal power to noise power ratio is set to 25dB and the performance metric is BLER vs. SINR. 
As agreed in RAN1#89, MMSE-MRC receiving algorithm is the baseline for Rel-14 UEs. Additionally, we also provided evaluation results for advanced MMSE-IRC receiving algorithm. In the applied MMSE-IRC, the data detection is performed per PRB based on the estimated covariance matrix for interference plus noise. The estimation of covariance matrix is based on received DMRS, channel estimation of useful channel and the original useful DMRS signal (i.e. interfering channel is not estimated). 

The detailed evaluation conditions are listed in Table 3 in appendix A. The evaluation results are shown in Figure 3 with or without timing/frequency offset. 
From the evaluation results, the following observations can be obtained
Observation 5: In the interference-limited case, with the baseline MMSE-MRC receiver the PSSCH with transmit diversity (SFBC, SD-CDD and Comb-Data diversity) has almost the same impact as Rel-14 interfering PSSCH transmissions on receiving performance of Rel-14 UEs. 
Observation 6: With advanced interference suppression/cancellation receivers, SFBC has larger impact than SD-CDD and Comb-Data diversity on the Rel-14 UE performance and SD-CDD and Comb-Data diversity have larger impact than Rel-14 interfering PSSCH. 
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(a) w/o timing/frequency offset                                         (b) with timing/frequency offset
Figure 3: Interference-limited results, QPSK, 30kmph

3	Conclusion
In this paper, the evaluation results for PSCCH and PSSCH with candidate transmit diversity schemes are presented. Based on the evaluation results, the following observations are obtained. 

Observation 1: For PSCCH, SD-CDD achieves diversity gains (generally limited) at low to medium mobility.
For PSSCH in noise-limited case:
Observation 2: SFBC achieves the best link performances with diversity gains of about 3~4dB (at BLER of 0.01) compared with single antenna transmissions. 
Observation 3: In most cases SD-CDD achieves diversity gains of about 1~2dB (at BLER of 0.01) compared with single antenna transmissions. However, the diversity gains may impair severely with high modulation order and/or high mobility. 
Observation 4: In most cases Comb-Data diversity achieves diversity gains of about 2dB (at BLER of 0.01) compared with single antenna transmissions. It outperforms SD-CDD in most cases especially with high modulation order and/or high mobility.

For PSSCH in interference-limited case:
Observation 5: In interference limited case, with the baseline MMSE-MRC receiver the PSSCH with transmit diversity (SFBC, SD-CDD and Comb-Data diversity) has almost the same impact as Rel-14 interfering PSSCH transmissions on receiving performance of Rel-14 UEs. 
Observation 6: With advanced interference suppression/cancellation receivers, SFBC has larger impact than SD-CDD and Comb-Data diversity on the Rel-14 UE performance and SD-CDD and Comb-Data diversity have larger impact than Rel-14 interfering PSSCH.
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Appendix A
In this section, we provide simulation parameter setting of the link level simulations in this paper.

Table 1: Evaluation conditions for PSCCH
	Parameters
	Values

	Carrier frequency
	6.0 GHz

	Bandwidth
	10MHz

	V2V control size
	48 bits, including 16 CRC bits.

	Resource allocation
	2 PRBs
Single transmission

	MCS
	QPSK

	Transmit diversity 
	SD-CDD with cyclic delay of 1us

	DMRS
	Same as legacy Rel-14 DMRS

	Antenna configurations
	2 TX antenna and 2 RX antennas, 1 TX antenna for comparison purpose

	Channel model
	ITU UMi NLOS with dual-mobility

	Velocity
	Relative velocities of 30kmph, 280kmph and 500kmph

	Frequency offsets
	Fixed 1.8kHz

	Initial timing offset
	1us

	Channel estimation method
	Practical, including
Half-symbol based timing/frequency synchronization,
LMMSE channel estimation in frequency and linear interpolation in time

	Data detection
	MRC









Table 2: Evaluation conditions for PSSCH in noise-limited scenario
	Parameters
	Values

	Carrier frequency
	6.0 GHz

	Bandwidth
	10MHz

	V2V packet size
	300 bytes

	Resource allocation
	20 PRBs for QPSK, 12 PRBs for 16QAM and 8 PRBs for 64QAM
Single transmission

	MCS
	QPSK, 16QAM and 64QAM

	Transmit diversity 
	SD-CDD with cyclic delay of 1us
SFBC and Comb-Data diversity

	DMRS
	For SD-CDD, same as legacy Rel-14 DMRS
For SFBC and Comb-Data diversity, Rel-14 DMRS with comb FDM for two antenna ports are applied

	Antenna configurations
	2 TX antenna and 2 RX antennas, 1 TX antenna for comparison purpose

	Channel model
	ITU UMi NLOS with dual-mobility

	Velocity
	Relative velocities of 30kmph, 280kmph and 500kmph

	Frequency offsets
	Fixed 1.8kHz

	Initial timing offset
	1us

	Channel estimation method
	Practical, including
Half-symbol based timing/frequency synchronization,
LMMSE channel estimation in frequency and linear interpolation in time

	Data detection
	MRC for SD-CDD and Comb-Data diversity
Alamouti combining for SFBC









Table 3: Evaluation conditions for PSSCH in interference-limited scenario
	Parameters
	Values

	Carrier frequency
	6.0 GHz

	Bandwidth
	10MHz

	V2V packet size
	300 bytes *

	Resource allocation
	20 PRBs for QPSK, Single transmission *

	MCS
	QPSK *

	Transmit diversity for interfering transmitter 
	SD-CDD with cyclic delay of 1us
SFBC and Comb-Data diversity

	DMRS for interfering transmitter
	For SD-CDD, same as legacy Rel-14 DMRS
For SFBC and Comb-Data diversity, Rel-14 DMRS with comb FDM for two antenna ports are applied
Useful signal DMRS and interfering DMRS have different root index configurtion

	Antenna configurations
	2 TX antenna and 2 RX antennas, 1 TX antenna for comparison purpose

	Channel model
	ITU UMi NLOS with dual-mobility

	Velocity
	Relative velocities of 30kmph

	Frequency offsets
	0.2ppm, useful signal and interfering signal have independent frequency offsets

	Initial timing offset
	1us

	Channel estimation method
	Practical, including
Half-symbol based timing/frequency synchronization,
LMMSE channel estimation in frequency and linear interpolation in time

	Data detection
	MMSE-MRC and MMSE-IRC (with details discussed in section 4.2)



Note: * is for both useful signal and interfering signal.  
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