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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#88bis, the potential transmit diversity schemes were initially discussed and the evaluation conditions were discussed and agreed [2]. This paper presents the initial evaluation results for the PC5 PSSCH operations with transmit diversity schemes. The details of the candidate transmit diversity schemes are discussed in a companion paper [3]. 
2	Evaluation conditions
A couple of candidate transmit diversity schemes are evaluated in link level simulations based on the evaluation assumptions agreed in previous meeting. The transmit diversity schemes evaluated in this paper are introduced in details in a companion paper [3]. The evaluated transmit diversity schemes are listed below with simple descriptions. 
· STBC-1: STBC encoding is performed for data symbol pair on both side of the DMRS symbol, i.e., symbols 1/3, 4/6, 7/9, 10/12. In this case, symbol 0 is the orphan symbol. 
· STBC-2: STBC encoding is performed for data symbol pairs 0/1, 3/4, 6/7, 9/10. In this case, symbol 12 is the orphan symbol. 
· SFBC-1: SFBC encoding is made over adjacent subcarriers.
· SFBC-2: SFBC encoding is made over non-adjacent subcarriers as proposed in [4].
· LD-CDD: CDD with large delay. In simulations, the cyclic delay of transmit antenna port 2 was set to half of the symbol duration.
· SD-CDD: CDD with small delay. In simulations, the cyclic delay of transmit antenna port 2 was set to about 1/3 of CP length.
· PVS: open-loop precoding vector switching in both time and frequency domain. In detail, the precoder is cycling in order of [1, 1], [1, j], [1, -1] and [1, -j] in both time domain (per subcarrier) and frequency domain (per data SC-FDMA symbol) and the used precoder is element-wise production of the two precoders. Here normalization factor is not shown.  
· FSTD with dual DFT-precoding: a special diversity scheme where only the even-numbered subcarriers are used to carry DFT-precoded data (with M/2 DFT size) on transmit antenna port 1, while only odd-numbered subcarriers are used to carry another DFT-precoded data (with M/2 DFT size) on transmit antenna port 2. 
Since high Doppler is a typical application scenario in V2X and channel variations in time caused by high Doppler may have large impact on STBC encoding, thus two STBC encoding schemes are evaluated, i.e., STBC-1 and STBC-2 with encoding over adjacent data symbols and non-adjacent data symbols, respectively. 
As agreed in previous meeting, low PAPR is a metric that shall be taken into account in transmit diversity design, thus, two SFBC encoding schemes are evaluated, i.e., SFBC-1 and SFBC-2 with encoding over adjacent subcarriers and non-adjacent subcarriers, respectively, and leading to different PAPR properties. 
For both STBC and SFBC schemes, the basic detection method is based on the low-complexity coherent combining (a.k.a. the Alamouti combination) where the quasi-static channel coefficients are assumed. However, for STBC over non-adjacent data symbols (i.e. STBC-1) and SFBC over non-adjacent subcarriers (i.e. SFBC-2), the quasi-static channel conditions may not hold, thus another data detection method based on LMMSE is also evaluated, which has much more complexity than the simple coherent combination.  
For the special diversity scheme of FSTD with dual DFT-precoding, it is considered in the evaluation due to its appealing properties: low PAPR (due to M/2-point DFT-precoding on each transmit antenna port) and flexible data detection capability (half-symbol detection could be used for first symbol to avoid AGC distortion). 
Note that in the simulations of STBC-1 and STBC-2, the orphan symbol was initially assumed to use FSTD scheme mentioned above. But other transmit diversity scheme, e.g., SFBC-1 or SFBC-2, could also be applied. 
The link level simulation conditions are listed in the table in appendix A. The used channel estimation algorithm, including the synchronization for timing and frequency offset, is described in detail in appendix B. 

3 	Evaluation results of transmit diversity schemes
The simulation results are shown in Figure 1~6, with Figure 1~3 corresponding to QPSK with relative velocities of 30kmph, 280kmph and 500kmph, and Figure 4~6 corresponding to 16QAM with relative velocities of 30kmph, 280kmph and 500kmph. Note that for the high mobility of 500kmph, two detection cases are evaluated: detection with first data symbol and detection without first data symbol, shown in Figure 3/6(a) and Figure 3/6(b), respectively. This is motivated by the fact that in high mobility of 500kmph, the first data symbol (#0) channel is estimated from first DMRS symbol (#2) which is actually exceeding the coherence time leading to severely degraded channel estimates. Thus, ignoring the first data symbol may be beneficial for improving detection performance, which was validated in the simulations. 
From the simulation results, the following observations could be obtained:
Observation-1: In all the cases, SFBC-1 (with simple coherent combination) has the best performance among all the evaluated transmit diversity schemes. It is better than SFBC-2 (with LMMSE detector) by at least 1.0dB in most cases. 
Observation-2: In most cases, STBC-1 and STBC-2 achieve similar performances. STBC-1 (with LMMSE detector) is more robust than STBC-2 to super high Doppler (and first symbol distortion caused by AGC handling). 
Observation-3: In super high mobility (500kmph), deliberate abandoning the first symbol may improve the detection performance greatly for transmit diversity schemes except STBC-2. 
Observation-4: LD-CDD, SD-CDD, PVS and FSTD with dual DFT-precoding achieve similar performances, which have little performance gain over single transmit antenna port. 

Note from Figure 1~3 that for SFBC-2, the low-complexity coherent combination with quasi-static channel assumption almost cannot work due to the fact that channels over the non-adjacent subcarrier pair change greatly and cannot be assumed to be quasi-static. Thus, more complicated detector may have to be used. 
For STBC-2, it works well under general mobility conditions. In super high mobility, the degraded channel estimation at the first symbol will impact two M-length data blocks (as shown in Figure 1(a) of [3]), thus deliberate abandoning the first symbol in data detection brings little gain, even negatively impacted. Similarly, it is expected that the signal distortion at the first data symbol caused by AGC handling may have larger impact on STBC-2 than other transmit diversity schemes. 
For the transmit diversity schemes LD-CDD, PVS, and FSTD, they have some diversity gains compared with single antenna transmission, however, on the other hand the channel estimation of these transmit diversity schemes are degraded to some extent compared with the single antenna case. Thus, the overall performance are similar to each other. 
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Figure 1: QPSK, 15kmph
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Figure 2: QPSK, 140kmph
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(a) detection w/ first symbol                                      (b) detection w/o first symbol
Figure 3: QPSK, 250kmph
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Figure 4: 16QAM, 15kmph
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Figure 5: 16QAM, 140kmph
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(b) detection w/ first symbol                                          (b) detection w/o first symbol
Figure 6: 16QAM, 250kmph

3	Conclusion
In this paper, the potential transmit diversity schemes for V2X PC5 transmissions are evaluated. Based on the evaluation results, the following observations are obtained. 

Observation-1: In all the cases, SFBC-1 (with simple coherent combination) has the best performance among all the evaluated transmit diversity schemes. It is better than SFBC-2 (with LMMSE detector) by at least 1.0dB in most cases. 
Observation-2: In most cases, STBC-1 and STBC-2 achieve similar performances. STBC-1 (with LMMSE detector) is more robust than STBC-2 to super high Doppler (and first symbol distortion caused by AGC handling). 
Observation-3: In super high mobility (500kmph), deliberate abandoning the first symbol may improve the detection performance greatly for transmit diversity schemes except STBC-2. 
Observation-4: LD-CDD, SD-CDD, PVS and FSTD with dual DFT-precoding achieve similar performances, which have little performance gain over single transmit antenna port. 
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Appendix A
In this section, we provide summary of simulation parameters of the link level simulations.

Table 1: Summary of link level evaluation assumptions
	Parameters
	Values

	Carrier frequency
	6.0 GHz

	Bandwidth
	10MHz

	V2V packet size
	2432 bits (about 300 bytes)
Including 24 CRC bits.

	Resource allocation
	20 PRBs (QPSK), 12 PRBs (16QAM)
Single transmission

	MCS
	QPSK/16QAM, Turbo Code (with rate about 1/2)

	DMRS
	Four DMRS symbols per subframe at #2,#5,#8,#11
CDM with cyclic shifting for two antenna ports

	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, i.e., {Case1+CaseB} in 36.843

	Initial timing offset
	1us

	Channel estimation method
	Practical (see Appendix B for details)

	Punctured symbols
	The last symbol are punctured at transmitter for guard time within a subframe. The distortion caused by AGC handling is not simulated. 

	Operation of deliberate abandoning the first symbol in super high mobility
	After soft demodulation, nulling the LLRs corresponding to the first M-length data block. 




Appendix B
In this section, we provide details of channel estimation (including timing/frequency offset estimation).
1. 
For each received reference symbol, convert the interested RBs (on which DMRS is used) into time-domain signal  where k = 0,1,2,3 (for 4 DMRS symbols) and n=0,1,…N-1. Here N was set to 512 in simulations.  
2. 
Similarly, convert local DMRS of first antenna port into time domain signal.
3. Estimate the timing offset by finding the peak of the correlation of rk(n) and Pk(n). Denote the estimated delay by d. 
4. 

Perform a time shift to, which gives.
5. 
The frequency offset normalized by subcarrier spacing can be estimated by computing the phase changes between the first halves and second halves of. Specifically, 

                                                  

6. After frequency offset compensation (in frequency domain), for each DMRS symbol, perform LMMSE channel estimation in frequency domain by estimating channels of each PRB from three PRBs (if available) with PRB-wise sliding (Note for PSSCH/PSCCH, 12 subcarriers of each RB is estimated from DMRS subcarriers of 3/1 PRBs, i.e., 36/12 DMRS subcarriers).
7. Make linear interpolation/extrapolation in time domain to estimate the channels of data OFDM symbols from the 4 DMRS symbols.
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