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Introduction
In RAN1#91, the following was agreed on transmit diversity [1]:
Agreement
· Assuming the previous WA of introducing non-transparent transmit diversity is confirmed, for two-port non-transparent transmit diversity for PSSCH, downselect option 1 as WA among the following candidate schemes 
· Working assumption: Option 1: SFBC-based scheme (including PAPR preserving)
· FFS whether to apply slot-level PVS 
· Option 2: STBC-based (including half symbol)
Note: Companies are encouraged to perform evaluations for the above options
In RAN1#92 [2], no further agreement was achieved. On the other hand, the following conclusion was drawn.
Conclusion: 
· There is not consensus to confirm the working assumption to adopt non-transparent tx diversity, due to concerns on the impact on Rel-14 UEs with IRC receivers
· Can consider further at RAN1#92bis whether the same SD-CDD scheme as PSCCH can be applied to PSSCH. 
· FFS whether there is any spec impact (e.g. depending on choice of delay value(s))
· Check CDD performance at different UE speeds
· Evaluations should use practical CFO estimation
In this contribution, we present simulation results on transmit diversity. Our proposed scheme for transmit diversity and the corresponding DMRS can be found in [5] and [4], respectively.
[bookmark: _Ref481578579][bookmark: _Ref481578585][bookmark: _Ref481763773]System level evaluation results
In this section, we present our evaluation results at system level. The main purpose is to compare different diversity schemes and their impacts on legacy Rel-14 transmissions. The schemes used for each of the curves are the following:
· Legacy: single transmit port is used following the Rel-14 specification.
· CDD: single transmit port is used with CDD for both PSCCH and PSSCH. This is only presented for illustrative purposes.
· SFBC: two transmit ports are used with SFBC for PSSCH. A 1dB MPR value is used to account for the increase in CM and is applied to both signal and IBE. Note that this is 0.5 dB above the recommendation by RAN4 [3]. For PSCCH, single transmit port is used with CDD.
MMSE-MRC receivers are used in all cases. For the two-port transmission schemes in the simulations, we have considered CDM based DMRS (using CS) for the two antenna ports. More specifically, two DMRS sequences for the two antenna ports are generated from different cyclic shifts of the same base sequence, where one of them is selected in the same way as in legacy Rel-14.  Details of the DMRS structure can be found in our companion contribution [4].
In Figure 1, we present the results for the 140kmh highway scenario. We observe the following:
· The gains of SFBC over single-antenna transmission (Rel-14) are large.
· The introduction of SFBC transmission does not introduce an additional penalty to Rel-14 UEs equipped with the baseline MMSE-MRC.   
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[bookmark: _Ref506284834]Figure 1. Performance of multiple transmit schemes in the highway fast scenario.
Observation 1:
· SFBC diversity improves significantly the PRR performance.
· There is no additional degradation to Rel-14 UEs equipped with the baseline receiver.
As described by RAN4 in [3], the performance for LMMSE-IRC receiver is not worse than LMMSE-MRC receiver in the presence of two-port diversity interference. 
Link level evaluation results
[bookmark: _GoBack]In this section, we present our evaluation results at link level. The main purpose is to evaluate CDD performance for PSSCH transmission at different UE speeds, as pointed out in RAN1#92. The implementation of small delay CDD for PSSCH is described in [5]. Generally speaking, the selected cyclic delay value  needs to achieve a good trade-off between diversity gain and the degradation of channel estimation.  Optimizing  is not the main goal of the present contribution. For our simulations for PSSCH we choose  so that the shift at the last subcarrier corresponds to a full rotation of  radians, i.e.,  B/N, where B is the number of allocated subcarriers and N is the FFT size. We observe that our chosen ’s provide good performance.
Moreover, the evaluation assumptions are given in Appendix A, where a 0.2 ppm carrier frequency offset is considered.
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Figure 2: PSSCH 15km/h, TBS = 300 bytes, single transmission, (left) QPSK½, (right) 16QAM½
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Figure 3: PSSCH 60km/h, TBS = 300 bytes, single transmission, (left) QPSK½, (right) 16QAM½
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Figure 4: PSSCH 140km/h, QPSK1/2, one re-transmission
Observation 2:
· Compared to single antenna transmission, small delay CDD brings performance improvement to PSSCH transmissions at different UE speeds.
Conclusion 
In this paper, we have evaluated the performance of the different transmit diversity schemes. We have observed the following:
Observation 1:
· SFBC diversity improves significantly the PRR performance.
· There is no additional degradation to Rel-14 UEs equipped with the baseline receiver.
Observation 2:
· Compared to single antenna transmission, small delay CDD brings performance improvement to PSSCH transmissions at different UE speeds.
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Appendix: Link level simulation assumptions
The following general evaluation assumptions are used:
[bookmark: _Ref481585980]Table 1: Simulation settings
	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

	Frequency offset
	0.2 ppm
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