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1 Introduction
This contribution discusses the minimum number of RX antenna elements for New Radio (NR) vehicle UEs which was triggered by 5GAA LS on minimum number of RX antennae for NR vehicular UEs [1] as below
· In summary, 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. 5GAA sees an advantage if the whole sub 6GHz band is part of this exception, but 5GAA has not evaluated the link budget implications of such an assumption.
· To 3GPP TSG RAN and RAN4: 5GAA WGs respectfully ask 3GPP to allow the use of 2 RX antennae exceptionally for Uu interface of vehicular NR UEs operating on bands below 6GHz.
 So, In paper, we show the previous RAN agreements and cell coverage issues according to the number of Rx between smart phone UE and vehicle mounted UE.
2 Discussion for 2Rx REFSENS
In the #78 RAN plenary, they agreed about the number of UE receiver antennas in Rel-15 NR [2]. To be specific, NR UE supporting NR bands n7, n38, n41, n77, n78, and n79 shall support 4 RX antennas, as yellow-highlighted below. Note some of these NR bands can be used for vehicular communications such as telematics or Uu-based V2X communications: It is also noteworthy that the 3GPP agreement considers possible exceptions in mandating 4 RX antennas for certain UE types/categories (highlighted in blue) which might include UEs installed in vehicles.
	· For NR Bands n7, n38, n41, n77, n78, and n79 the UE shall be equipped with 4Rx ports as a baseline
· Applicability to other NR bands is FFS
· For certain UE types/categories, some exceptions to this requirement may be applicable in future
· RRC signalling and ASN.1 coding shall be defined in Release 15 such that supported number of UE Rx antenna ports is indicated from UE to the eNB/gNB.
· “4” shall be the lowest value that is allowed to be indicated.
· The coding shall enable flexibility such that a lower number than 4 could be indicated in the future for the UE types/categories mentioned above as exceptions. 
· UE equipped with 4Rx ports as a baseline shall fulfil all 4Rx demodulation performance requirements defined for downlink data and control
· Fall back to 2Rx shall be allowed to save power
· RRM Requirements will be based on 2Rx
· RLM requirements shall be defined based on both 2Rx and 4Rx
· The proper antenna connection similar to LTE (defined in A.3.8.1 of TS36.133) will be defined to make 2Rx based RRM tests be applicable to NR UE equipped with 4Rx port.
· The baseline Rx antenna port assumption for LTE operation for the UE is as defined in 36 series specifications today




3 Analysis on the coverage Impact for the 2Rx NR based vehicle UE
Based on the RAN agreement, we note the above RAN agreement was focus on the general hand-held UE requirements. In addition, 3GPP have not discussed any vehicle-specific aspects in the related NR requirements discussions. If those minimum requirements are applied to NR vehicle UEs (the UEs installed in vehicles for telematics or cellular V2X), then estimate the following observations with respect to roll-out of NR V2X services onwards for Uu interface. 
Basically, higher number of RX antenna elements will increase the physical volume of antenna mount to implement them. The current trend is that antenna mount needs to compactly integrate several types of antennas for various connectivities such as AM/FM, 3G/4G/5G, and GNSS on vehicles. If the mandated number of RX antenna increases, it may severely restrict the degree of design freedom allowed to OEMs due to the larger implementation space required. Furthermore, it might be impacted to the target service date for NR based V2X services due to the above restriction. 
Observation 1: The higher number of Rx antenna can be severely restricted the degree of design freedom of Car OEMs and might be impacted to the target NR V2X service date for Uu interface at FR1.
One of concerning point for the allowing the 2RX REFSENS for NR based V2X services for Uu interface is that the coverage of such vehicle UEs is relatively smaller than the intended coverage network want to provide by 4Rx antennas. So we analyse the cell coverage impacts by 2Rx operation in next section
3-1. Coverage analysis for 2 RX antennas
In 3GPP TR 38.901, the following pathloss model is used to obtain the effective pathloss between base station and user equipment (UE) located inside a vehicle:

Where  is the basic outdoor path loss  between base station and UEe, and  is an additional path loss incorporating the outdoor to indoor (O2I) penetration loss caused by the vehicle body. According to TR 38.901,  follows a normal distribution:

with μ = 9, and σP = 5 for glass type windows, and optionally for metallized car windows, μ = 20 can be used. This pathloss model is applicable for at least 0.6-60 GHz. 
Based on the model above, Figure1 compares the expected SNR of two vehicle UEs with different RX capabilities and different RX antenna locations as give below: 
· Smartphone UE1 is equipped with 4 RX antennas that are placed at interior position of vehicle for NR communications. 
· Vehicle UE2 is equipped with 2 RX antennas that is placed at exterior position of vehicle for NR communications. 


Figure1. Comparison of pathloss for vehicles with different RX capabilities and different antenna positions
Assume that network provisions its downlink coverage such that the UE1 experiences an expected SNR value  in dB. Note that UE1 experiences both outdoor pathloss and O2I penetration loss whereas UE2 only experiences outdoor pathloss. Taking the SNR of UE1 as reference, we can calculate the SNR of UE2 by using the above pathloss model as:
 (dB) = A+6 to A+17 (dB)
where the plus sign of  accounts for the exterior antenna location of UE2 where no O2I penetration loss is induced and where the minus 3 dB accounts for the reduced receive antenna gain due to reduced number of antennas compared to UE1. According to TR 38.901, ranges from 9 to 20. The resultant  ranges from  to  which far exceeds . From this simple calculus the following observations can be made:
Observation 2: The outdoor to indoor penetration loss (O2I: 10dB loss) is not expected for NR vehicle UE. Also external antenna of NR vehicle UE has additional antenna gain compare to handheld UE.
Observation 3: Based on observation2, the coverage of NR vehicle UEs with 2 exterior RX antennas is not smaller than that of hand-held UEs with 4 RX antennas. 
Based on three observations, RAN WG4 can be allowed the 2RX REFSENS requirements for NR based V2X services for Uu interface at FR1 as below
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4 Conclusion 
In this paper, we present the analysis of coverage of vehicle UE with less number of RX antennas. Based on the discussion, we propose as follow
Proposal 1: RAN WG4 can allow the 2RX REFSENS requirements for NR based V2X services for Uu interface at FR1, exceptionally. 
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