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1 Introduction
In RAN4#87, an LS from 5GAA to RAN4 was received [1] and discussed [2~5]. In the LS, 5GAA asked RAN and RAN4 to allow the use of 2 RX exceptionally for Uu interface of vehicular NR UEs operating on bands below 6GHz. After RAN4 discussion, the reply LS to RAN captured the following information:
· …no consensus was reached on allowing this exception but there was consensus to consider difficulty of telematics control unit (TCU) implementation
· RAN4 recommends RAN to have a decision on how to proceed the 5GAA request to have 2Rx an exceptional case for vehicle mounted NR with following options
· Option1: Rel-15 TEI in Q3 2018 
· Option2: Release independent manners from Rel-15 
· Option3: Company CR in RAN #80 
And the issues were raised and tentative responses were captured in the LS from RAN4 to RAN [3]. To help RAN make an informed decision, we continue to discuss the performance for vehicular UEs and would like to have further investigation in both 5GAA and 3GPP before allowing such relaxation.
2 Discussion
In [4], we show the performance gain of 4Rx over 2Rx. In terms of the coverage, 4Rx provides at least 3dB gain over 2Rx. In terms of throughput performance, 4Rx can provide 4~5dB gain, which is the sum of the SNR combination gain across multiple receiver branches and the receiver diversity gain.
During the offline discussion at RAN4#87 in Busan, it was clarified that the applicable UEs for which such a relaxation is allowed are eMBB UEs and not NR V2X UEs. However, it is unclear how such a vehicle eMBB UE would relate to future NR V2X UEs, for instance, will they share the same antenna ports and RF chains? Because the NR V2X UE is expected to meet high reliability requirements for the service including remote driving, extended sensor sharing and etc, if it turns out for V2X UEs, 4RX is necessary, should car manufacturers consider implementing 4RX from day one to ensure smooth support of V2X services when such services are demanded? 
In addition, the following issues should be further investigated: There is no full investigation of Rx number in terms of coverage and performance in 5GAA and 3GPP to justify whether the NR V2X service requirements can be met. Besides, it is unclear what the cable loss, antennae gain, and penetration loss (like windshield) are for the coverage study for vehicular UEs. More detailed coverage analysis is needed.
· If the performance of NR vehicular UE on 3.5/4.8GHz (by using 2Rx) is less competitive than 2Rx LTE UE on lower bands or 4Rx handheld NR UE on 3.5/4.8GHz, why will a user be willing to use the vehicular device rather than his/her cell phone during driving? 

· If Rx on 3.5/4.8GHz is relaxed to 2 in Rel-15, there will be “legacy UE” burden in Rel-16, and eventually many NR V2X UEs have to be based on the 2Rx implementation. Thus there is a risk that high reliability is not easy to be guaranteed.

From the cost and implementation perspective, we think that

· Because the support of 4Rx is mandated for smart phone on 2.6/3.5/4.8GHz bands, there will be a cost advantage of 4Rx UE chipset because of large-scale production.
· The antennae of 3G/4G/5G and other systems could be reused. 4Rx can be implemented on cell phone and so it could be on the car, although some special design is need.
Another open issue is how to differentiate the handheld UE and the vehicular UE from the 3GPP feature point of view, and further how to differentiate the vehicular UE supporting only Uu interface from the vehicular UE supporting both Uu interface feature and sidelink feature.

If the final investigation shows that 4Rx is needed to meet the requirements of NR V2X service, at least the automotive industry will know that 4Rx is essential and can consider the improvement of vehicular antennae design for high-end products.
3 Conclusions

In this contribution we further provide our view to 5GAA incoming LS on the number of receiving antennae for vehicular UEs. We think that support of 4Rx or even more antenna numbers is beneficial to meet the diverse requirements for vehicular wireless applications on the higher frequency bands.

Although many automotive companies requested allowing 2Rx on the NR bands with 4Rx mandatory considering the cost and implementation flexibility, we suggest having more investigation of the above-mentioned issuesbefore making decision to ensure the NR V2X more successful.
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