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1 Introduction
An LS was sent from 5GAA to RAN4, which asked 3GPP to allow the use of 2Rx antennae exceptionally for Uu interface of vehicular NR UEs operating on bands below 6GHz. In this contribution, we would like to share our view on the response to this incoming LS.
2 Background

In the incoming LS [1], it is read that 5GAA sees the benefit of allowing vehicular NR UEs with two Rx antennae as it will increase the design freedom of car OEMs and 5GAA notes that vehicular UEs are expected to have better link budget compared to smartphones, considering, for example, their antenna directivity, cable loss, positioning of antennae, etc.
In [2] the conclusion was drawn based on two aspects: 
· The increasing receiver antenna number is challenging to implement on the vehicle due to the limited space and the large number of existing antennae for the system such as AM/FM, 3G/4G/5G, GNSS and so on, and will increase the cost and difficult to OEMs and delay the time to market; 
· The coverage provided by two exterior antennae which are mounted on the top of vehicle is not smaller than that provided by the 4Rx handheld UE which is inside the vehicle. The reasoning in [2] was as follows: for 4Rx handheld UE, the penetration loss through the vehicle needs be taken into account, while for 2Rx vehicle device the antennae are mounted outside of vehicle and there is no penetration loss through vehicle. Thus compared to 4Rx handheld UE inside the vehicle, the exterior 2Rx has less performance gain but has no penetration loss. As a result, it was concluded that supporting NR UEs with exterior 2Rx is acceptable with respect to the coverage relative to NR UEs with interior 4Rx.
We may have different views about the above analysis. 

Firstly, 3GPP does not mandate the support of 4Rx for all the sub-6GHz bands. Only the higher frequency bands including 2.6GHz/3.5GHz/4.8GHz bands are considered. The antenna size for those bands is small such that 4Rx can be mounted on the smart phone with limited form factor. And according to our analysis, to support multiple types of wireless systems or connections does not mean that the separate antenna has to be implemented for each system, while some antennae on a certain frequency range could be shared. A smartphone can also support AM/FM, 3G/4G/5G and GNSS. The size of vehicle is much larger than a smartphone.
The support of 4Rx is mandated in Rel-15 for eMBB UE. It is expected that the eco-system can be built on such assumptions. If so we can expect the cost of support of 4Rx could be decreased due to the large scale of market.
Secondly, the requirements of V2X applications are multi-fold and the scenarios are diverse. Some application like remote driving requires the high reliability. When the vehicle moves into garage or into a building, the deep coverage is also needed. In order to provide better user experience, we should consider the scenario with large penetration loss and indoor scenario. Besides, the higher downlink date rate is expected for NR V2X service.
The higher penetration loss is expected on 2.6GHz/3.5GHz/4.8GHz bands compared to sub-3GHz bands. To fulfil the requirements of high reliability, high data rate and deep coverage, the support of 4Rx or even more receiving antennae would be quite straightforward way.
It seems not fair to compare the coverage between the 2Rx vehicle device outside the vehicle (exterior 2Rx) and the 4Rx handheld UE inside the vehicle (interior 4Rx handheld UE). According to our understanding, the V2X antenna would be always mounted outside the vehicle. We should compare the performance between the exterior 2Rx and the exterior 4Rx.
In our view, although the cost and time-to-market would be important for NR V2X service, the more important is the performance of the NR V2X feature. In the following sections, we would like to provide more analysis on the performance gain provided by 4Rx. In our view, utilization of 4Rx can meet the requirements of V2X service better.
3 Discussion

3.1 Use cases and requirements for NR V2X services
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 [3,4] : 

· 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. 
4Rx can provide lower BLER and higher throughput at a given SNR level, which help meeting the above requirements better.
3.2 Performance analysis for 4Rx
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 because the 4Rx can provide 3dB lower demodulation SNR than 2Rx, which is shown in Figure 1 and 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
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Figure 4: Comparison of TM4 dual-layer demodulation performance requirements between 4Rx and 2Rx, 10MHz 64QAM 1/2 FDD EPA5 4x2 or 4x4 Low.
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Figure 5: Comparison of TM9 single-layer demodulation performance requirements between 4Rx and 2Rx, 10MHz QPSK 1/3 FDD EVA5 2x2 or 2x4 Low
3.3 Re-consideration of support of 4Rx and more receive antennae for NR V2X
In the current 3GPP RAN4 specification, 4Rx is mandated on 2.6GHz/3.5GHz/4.8GHz bands for eMBB. For the other sub-6GHz bands, 2Rx is still the baseline. 

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.
We do see the significant performance gain of 4Rx over 2Rx in terms of throughput, reliability and coverage. 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.

So we propose that:

· Proposal: The minimum number of RX antennas of NR-V2X UE for 2.6GHz/3.5GHz/4.8GHz is 4.
4 Proposed reply
Based on the above analysis, we would like to propose a reply to 5GAA as below.
· For bands below 6GHz except for 2.6GHz/3.5GHz/4.8GHz, 3GPP has already allowed the use of 2Rx antennae. 
· On 2.6GHz/3.5GHz/4.8GHz, there is a concern about meeting the high reliability, high data rate, and deep coverage requirements for V2X service by using 2Rx. From those three perspectives, more discussion related to receiver antenna number for NR vehicular UEs is expected in the 5G NR V2X WI stage before taking actions in RAN4.
5 Conclusions

In this contribution we provide our view on the response 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. So we propose that
· Proposal: The minimum number of RX antennas of NR-V2X UE for 2.6GHz/3.5GHz/4.8GHz is 4.
To reply 5GAA, we propose that

· For bands below 6GHz except for 2.6GHz/3.5GHz/4.8GHz, 3GPP has already allowed the use of 2Rx antennae. 
· On 2.6GHz/3.5GHz/4.8GHz, there is a concern about meeting the high reliability, high data rate, and deep coverage requirements for V2X service by using 2Rx. From those three perspectives, more discussion related to receiver antenna number for NR vehicular UEs is expected in the 5G NR V2X WI stage before taking actions in RAN4.
An accompanied LS is provided in [5].
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