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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. This contribution is revised from R1-1713532.
Transmit diversity schemes for PSSCH
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 for two Tx antenna case are 2-time oversampled DFT vectors, given as follows:
, ,  and .
The pre-coder vectors used for four Tx antenna case are 2-time oversampled DFT vectors, given as follows:
, ,,
 , ,,
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, the evaluation results for the following transmission schemes are illustrated. The baseline scheme is single-port transmission, as defined in LTE rel-14. Then other three schems are compared in the simulation, which are SFBC using two antenna ports, single port slot level PVS and transmission scheme of 2-port SFBC + slot-level PVS. For more detailed discussion on those transmission scheme, please see our companion contribution [3]. Both 2 and 4 physical Tx antennas are simulated. In the case of 4 physical Tx antennas, two fixed 4-by-1 beamforming vector are used at the transmitter to map two antenna ports onto those 4 physical Tx antennas.
First simulation compares the BLER performance in the scenario of two physical transmit antennas, as illustrated in Figure 3. The performance of single-port transmission, two-port SFBC and slot level PVS are compared. Relative speed is 140*2km/h. BLER performance gain from two-port SFBC and slot level PVS over single-port transmission can be observed for both QPSK and 16QAM.
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Figure 3
Observation 1: Both SFBC and slot level PVS show performance gain over single-port transmission.
The performance of two-port SFBC and the combination of two-port SFBC/slot level PVS are compared in the scenario of four physical transmit antennas, as illustrated in Figure 4. In the simulation, relative speed is 140*2km/h. BLER performance gain from the combination of two-port SFBC/slot level PVS over two-port SFBC can be observed for both QPSK and 16QAM. The reason is that two-port SFBC does not fully utilize the diversity of 4 physical transmit antennas and adding additional slot level PVS can explore more transmit diversity gain from larger than two transmit antennas.
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Figure 4
Observation 2: The transmit scheme of SFBC + slot level PVS shows performance gain over SFBC when transmitter UE has more than 2 transmit antennas
· 2-port SFBC can only explore degree 2 diversity gain.
· Adding slot level PVS provides more diversity gain
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 slot level PVS show performance gain over single-port transmission.
Observation 2: The transmit scheme of SFBC + slot level PVS shows performance gain over SFBC when transmitter UE has more than 2 transmit antennas
· 2-port SFBC can only explore degree 2 diversity gain.
· Adding slot level PVS provides more diversity gain
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ANNEX A Simulation assumptions
	Bandwidth 
	10 MHz 

	Carrier frequency
	6.0 GHz

	Number of antenna
	2/4 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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