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Introduction
In 3GPP TSG RAN Meeting #75, the WI on 3GPP V2X phase 2 was endorsed with one of objectives related to RAN1as below [1]:
	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 3GPP TSG RAN1 meeting #88bis [2], it was agreed to evaluate the transmit diversity gain for performance of V2X in both PSCCH and PSSCH. In this contribution, we present our evaluation results on the performance of transmit diversity of PSSCH channel of V2X.
Transmit diversity schemes for PSSCH
[bookmark: _GoBack]Two transmit diversity schemes for PSSCH were evaluated. The first scheme is time domain pre-coder vector switching with one DMRS antenna port [3]. As shown in Figure 1, different pre-coder can be applied to two different slots in one subframe. In the simulation, the pre-coder vectors used are , ,  and . The pre-coder vectors are switched across slots and subframes. The DMRS transmission is same to the DRMS defined in Rel-14. The UE is configured to use the DMRS on symbols 2 and 5 to estimate the channel for slot 0 and the DMRS on symbol 8 and 11 to estimate the channel for slot 1.
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Figure 1
Another scheme is SFBC with two DMRS antenna ports. The 2-port DMRS design used in the simulation is Comb structure, as shown in Figure 2. On each DMRS symbols {2, 5, 8, 11}, the DMRS sequence defined in Rel-14 is mapped. To support two antenna ports, all the even-numbered REs in one PSSCH allocation are mapped to antenna port 0 and all the odd-numbered REs in one PSSCH allocation are mapped to antenna port 1.
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Figure 2
Evaluation results
In this section, we compare the performance of time-domain pre-coder switching [3] and SFBC [3] with single-port transmission in PSSCH.
Figure 3 shows the BLER performance comparison between time-domain pre-coder vector switching, SFBC and single-port transmission for modulation QPSK. The results for both ideal channel estimation and MMSE channel estimation are illustrated. Diversity gain from both time-domain pre-coder vector switching and SFBC can be observed.
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Figure 3
Figure 4 shows the BLER performance comparison between time-domain pre-coder vector switching, SFBC and single-port transmission for modulation 16QAM. The results for both ideal channel estimation and MMSE channel estimation are illustrated. Similarly, we can also observe obvious performance gain from both time-domain pre-coder vector switching and SFBC for 16QAM.
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Figure 4
Observation 1: Both SFBC and time-domain pre-coder vector switching show performance gain over single-port transmission.
Conclusions
In this contribution, we presented our evaluation results on the performance of transmit diversity scheme for PSSCH channel in V2X and the following observations are made:
Observation 1: Both SFBC and time-domain pre-coder vector switching show performance gain over single-port transmission.
References
[1]: RP-170798, “New WID on 3GPP V2X Phase 2”, Huawei, CATT, LG Electronics, HiSilicon, China Unicom;
[2]: 3GPP, RAN1#88bis, Chairman’s Notes
[3]: RP-1707909, “Discussion on transmit diversity scheme for PSSCH in V2X”, Samsung

ANNEX A Simulation assumptions
	Bandwidth 
	10 MHz 

	Carrier frequency
	6.0 GHz

	Number of antenna
	2 TX and 2 RX

	channel
	ETU channel model

	Modulation 
	QPSK, 16QAM 

	Coding 
	Turbo, rate 1/2

	TBsize
	190 bytes

	subcarrier spacing
	15 KHz

	DMRS
	4 DMRS symbols /subframe in symbol 2, 5, 8, 11
For time-domain pre-coder vector switching: DMRS design in Figure 1 was used.
For SFBC: DMRS design in Figure 2 was used.

	Relative speed
	2x140 km/h

	Channel estimation criteria
	MMSE

	Maximum transmission number
	1

	Frequency offset
	modelled as in TR36.885
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