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According to LS from 5GAA to RAN1 [1], 5GAA sees the necessity of allowing the use of 2 RX antennae exceptionally for Uu interface of vehicular NR UEs operating on bands below 6GHz. In this contribution, we provide our views on the number of RX antennas for NR vehicular UEs. 

Use cases and requirement
NR-V2X encompasses a broad range of applications, and will cover advanced services such as platooning, remote driving, extended sensor sharing and advanced driving. Some use cases involve a large volume of traffic with data rate up to 1000 Mbps and ultra-reliability at 99.999% , such as following use cases identified by 3GPP SA1 [2] [3]: 
· Remote driving: On-board camera of the vehicle feeds the live video to remote human operator, and the remote human operator can understand the potential hazard of the vehicle without assistance of any sophisticated computing to remotely control vehicle driving. In this case, ultra-high UL and DL reliability (99.999 %) with user experienced data rate up to 1 Mbps at DL and 20 Mbps at UL for UE supporting V2X application are needed.
· Advanced driving: Emergency Trajectory Alignment (EtrA) messages complement cooperative automated driving. Manoeuvre cooperation through EtrA has been invented to assist the driver in hazardous and challenging driving situations to further increase traffic safety. The network shall support communication between UEs with data rate 30 Mbps, less than 3 ms end-to-end latency and 99.999 % reliability within communication range of 500 m.
· Extended sensor sharing: Sensor and state map sharing (SSMS) enables sharing of raw or processed sensor data to build collective situational awareness, which leverages properties of highly-reliable transmission and system resiliency. Highly automated vehicles also exchange real time information (based on vehicle sensors information or sensor data from a capable UE-type RSU) among each other in the neighbor area to enhance the perception of environment of vehicles to avoid accidents. In this case, data rate is required up to 1000 Mbps at 99.999% reliability. 

Observation 1: Advanced V2X services require ultra-reliability and high date rate for both Uu and SL interface. A sufficient number of RX antennas should be used.

Antenna configuration and performance analysis
For the NR Uu link, 4Rx is mandated as the baseline for eMBB service at the UE end on 2.6GHz/3.5GHz/4.8GHz bands to account for the higher path loss and penetration losses on these frequencies.  Since the above bands may also be used for NR V2X, it is preferable to reuse the same baseline for V2X UEs. 
In general, V2X services usually have much stricter requirements on the reliability than eMBB services. Compared with 2Rx antenna configuration, having 4 receiving antennas at the UE end can help achieving higher reliability. In addition, the V2X UE may suffer from more severe penetration loss, for instance, when the vehicle is in the underground garage or in the tunnel. Adding receiving antennas can provide higher antenna gain. 
As for the link budget, we compare the performance of 2Rx configuration and 4Rx configuration. It can be seen that the downlink link budget with 4Rx configuration is about 3dB better than that with 2Rx configuration services as shown in Figure 1, which is aligned with the theoretical analysis.
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(a) Link budget with 4Rx
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(b) Link budget with 2Rx
Figure 1: Comparison of link budgets between NR DL with 4Rx and 2Rx at 3.5GHz band with 64Tx at eNB

Besides, we would like to provide the comparison of downlink demodulation performance. Because RAN4 just started the work on NR demodulation performance requirements, we use the existing LTE demodulation performance requirements as examples. The trend of performance gain of 4Rx over 2Rx for LTE would be the same as for NR.
From Figure 2 to Figure 5, we show the performance difference between 4Rx and 2Rx for TM2, TM3, TM4 and TM9 respectively. For TM2 and TM3, there are demodulation performance requirements for 4Rx and 2Rx with the same parameters except for receiver antenna number in TS36.101. So we use them for comparison. For TM4 and TM9, there are no such requirements and thus we provide the simulation curves. 
It is observed that at the lower SNR there will be around 3dB gain of 4Rx over 2Rx, while at higher SNR the gain of 4Rx over 2Rx is even higher than 3dB, which comes from the combination across more receiver elements plus more receiver diversity gain. Thus, support of 4Rx can help improving the downlink coverage, downlink throughput and reliability.
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(a) Demodulation performance requirement with 4Rx
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(b) Demodulation performance requirement with 2Rx
Figure 2: Comparison of TM2 demodulation requirements between 4Rx and 2Rx
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(a) Demodulation performance requirement with 4Rx
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(b) Demodulation performance requirement with 2Rx
Figure 3: Comparison of TM3 demodulation requirements between 4Rx and 2Rx

Figure 4: Comparison of TM4 dual-layer demodulation performance requirements between 4Rx and 2Rx, 10MHz 64QAM 1/2 FDD EPA5 4x2 or 4x4 Low.

Figure 5: Comparison of TM9 single-layer demodulation performance requirements between 4Rx and 2Rx, 10MHz QPSK 1/3 FDD EVA5 2x2 or 2x4 Low

A smart phone has main/diversity antennas for MIMO, GPS and WiFi. As shown in Figure 6, the upper side and the lower side of the smartphone can be used to place the antennas. According to our analysis, two antennas can be placed on each side. In addition, the left and right sides of smartphone would also be utilized to place more antennae.
According to the trend of the increasing screen size for the smartphone (like Huawei Mate series product), 85%-90% screen to body ratio would be the mainstream in the future. Based on our analysis, the four antennas for band larger than 1.7GHz could fit the size of the phone.. Thus we believe that support of 4Rx on 2.6GHz/3.5GHz/4.8GHz bands is feasible.
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Figure 6: Antenna placement on the smartphone
In our understanding, the space on the vehicle for mounting antennae would be much larger than that on a smart phone. We do not see the big challenge to support 4Rx for 2.6GHz/3.5GHz/4.8GHz bands on a vehicle, if 4Rx can be supported at a smart phone.
[bookmark: _GoBack]In the current 3GPP RAN4 specification, 4Rx is mandated on 2.6GHz/3.5GHz/4.8GHz bands for eMBB. The wide deployment for V2X would be behind NR eMBB deployment. If we can build the eco-system with mandating the support of 4Rx for NR eMBB on C-band first, the cost of 4Rx “vehicle” UE will not be high in the future when V2X is deployed. Furthermore, in LTE an 8Rx WI was approved and defining the 8Rx UE is under discussion.
In summary, we observe the requirements of high reliability, large coverage and high downlink data rate for a vehicle UE. According to analyses and simulation results, using 4Rx can significantly help meeting the requirements. We show the feasibility to implement 4Rx on the smart phone with the limited form factor for 2.6GHz/3.5GHz/4.8GHz bands. Given that 4Rx has already been mandatory on those bands, we propose that:

Proposal 1: The minimum number of RX antennas of NR-V2X UE for 2.6GHz/3.5GHz/4.8GHz is 4.
Proposal 2: The minimum number of RX antennas of the NR-V2X UE for other frequencies should be further studied.

[bookmark: OLE_LINK3][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Conclusions
This contribution has provided our view on eV2X evaluation performance. The following proposals have been made: 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: Advanced V2X services require ultra-reliability and high date rate for both Uu and SL interface. A sufficient number of RX antennas should be used.
Proposal 1: The minimum number of RX antennas of NR-V2X UE for 2.6GHz/3.5GHz/4.8GHz is 4.
Proposal 2: The minimum number of RX antennas of the NR-V2X UE for other frequencies should be further studied.
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. Table 8.10.1.1.1-2: Minimum performance Transmit Diversity (FRC) with 4 RX Antenna Ports.
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. Table 8.2.2.2.1-2: Minimum performance Transmit Diversity (FRC)-
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Table 8.10.1.1.2-2: Minimum performance Large Delay CDD (FRC) with 4 RX Antenna Ports.
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Table 8.2.2.3.1-2: Minimum performance Large Delay CDD (FRC)-
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#Note 1:  Void.
Note2:  For UE that supports CRS interference handling, the CRS assistance information defined in [7] is

provided. The CRS assistance information includes two aggressor cells with 2 CRS ports and cell ID of
agressorcells are 1 and 128. For UE that does not support CRS interference handiing, CRS assistance
information is not provided.
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