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1   Background
In RAN1#90 meeting, the LS on transmit diversity for PC5 was send to RAN4 [1]. In the LS, RAN1 asked RAN4 to clarify some affects for two-port non-transparent transmit diversity:
RAN1 would like to get feedback on the following aspects due to two-port non-transparent transmit diversity:

· Impact on PSSCH-RSRP measurement accuracy of Rel-14 UEs

· MPR for Rel-15 UEs

· Impact on MMSE MRC receivers and advanced receivers in the a) presence of one interferer (single-port transmission and two-port diversity) b) presence of multiple interferers (single-port transmission and two-port diversity)

For the impact on MMSE MRC receivers, one WF was agreed in RAN4#84bis meeting [2] for further study:
· Interference scenarios
· Single-port transmission 
· Non-transparent Two-port diversity
· Number of interferers
· Single dominant interferer
· INR1 = 0, 5, 10, [15] dB
· Two dominant interferers
· INR1 = 0, 5, 10 dB
· INR1 = INR2 + 3dB
· Other options are not precluded

· Advanced receiver structure
· LMMSE-IRC
· RAN4 group prioritizes the study on the impact of Rel-14 UE
· Other options are not precluded
· Propagation condition
· EVA1500
· EVA180
· Other options are not precluded
· Other parameters
· Reuse V2X PSSCH test parameters in Section 14.2
In this contribution, we discuss transmit diversity of PC5 for advanced receivers.
2   Discussion

For the impact on advanced receiver for two-port diversity, RAN1 asked performance difference of interference type of single-port transmission and two-port. MRC receiver is set as the baseline for the evaluation of different interference types. For the number of interferers, one interferer and multiple interferers are considered.
For the single interferer and multiple interferers, there are multiple INR values to be considered. For multiple interferers, it is more deserved to consider the power offset is low between interferers. Because if there is big power imbalance between interferers, it is more like single interferer and the performance for multiple interferers will be similar to single interferers.
In the following section, we will discuss MRC receiver and IRC receiver respectively.
MRC receiver
For MRC receiver, since it cannot differential interference or noise in principle, the performance for MRC receiver in different interference condition is same with in the white noise. Figure 1 gives the performance of MRC receiver with single dominant interferer. We can see that the performance difference is marginal.
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	(a) EVA180, INR = 0dB
	(b) EVA180, INR = 5dB


Figure 1: MRC receiver with single dominant interferer
IRC receiver

For IRC receiver, performance may be different in different interference scenarios and UE speeds. For types of interferers, we consider following selections:
· Single dominant interferer

· INR1 = 0, 5, 10 dB

· Two dominant interferers

· INR1 = 0, 5, 10 dB

· INR 1= INR2 
· INR1 = INR2 + 3dB

The detailed evaluation results for single dominant interferer are given in Figure 2. Evaluation results for two dominant interferers are given in Figure 3. 
From the evaluation results we can see that the performance difference is reletively small in general especially when the number of interferers becomes larger and UE speed becomes higher. The impact for the two-port diversity is limited in the single dominant interferer case with low speed. For the multiple interferer, we should focus on the case of INR1=INR2 as stated above.
Another point is that the performance for interference of two-port diversity is better than single-port transmission in EVA1500, which shows the different trend with EVA180. This is because of the inacurate estimation for interference and noise covariance matrix.
Observation 1: The performance of IRC receiver in single-port interference is better than two-port diversity interference in EVA180 while worse in EVA1500.
Observation 2: The performance difference is limited with single dominant interferer while marginal with multiple interferer.
Proposal 1: Inform RAN1 of the perforamnce of advanced receiver in different scenarios.
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	(a) EVA180, INR = 0dB
	(b) EVA1500, INR = 0dB
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	(c) EVA180, INR = 5dB
	(d) EVA1500, INR = 5dB
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	(e) EVA180, INR = 10dB
	(f) EVA1500, INR = 10dB


Figure 2: IRC receiver with single dominant interferer
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	(a) EVA180, INR1 = 0dB;  INR1 = INR2
	(b) EVA1500, INR1 = 0dB;  INR1 = INR2
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	(c) EVA180, INR1 = 5dB;  INR1 = INR2
	(d) EVA1500, INR1 = 5dB;  INR1 = INR2
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	(e) EVA180, INR1 = 10dB;  INR1 = INR2
	(f) EVA1500, INR1 = 10dB;  INR1 = INR2
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	(g) EVA180, INR1 = 0dB;  INR1 = INR2+3dB
	(h) EVA1500, INR1 = 0dB;  INR1 = INR2+3
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	(i) EVA180, INR1 = 5dB;  INR1 = INR2+3dB
	(j) EVA1500, INR1 = 5dB;  INR1 = INR2+3
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	(k) EVA180, INR1 = 10dB;  INR1 = INR2+3dB
	(l) EVA1500, INR1 = 10dB;  INR1 = INR2+3


Figure 3: IRC receiver with two dominant interferers
3   Conclusion
In this contribution, we analyze transmit diversity of PC5 for advanced receivers, observations and proposal are given below:
Observation 1: The performance of IRC receiver in single-port interference is better than two-port diversity interference in EVA180 while worse in EVA1500.

Observation 2: The performance difference is limited with single dominant interferer while marginal with multiple interferer.

Proposal 1: Inform RAN1 of the perforamnce of advanced receiver in different scenarios.
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