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1 Introduction
The approved Study Item (SI) [1] targets the evaluation of the 2 RX exception in Release 15 vehicle-mounted UE. In the scope and objective of the SI, the following has been indicated:
	To allow 2 RX exception for vehicular UEs, as requested by 5GAA, it is essential for 3GPP RAN 4 to further study the design of telematics control units (TCU) in vehicles to gain confidence that performance is not degraded at system level by deploying 2 RX.


	· Aspects to study in allowing 2 RX exception for vehicle mounted UEs in frequency bands where 4 Rx is mandated: 

1. Investigate the impact of 2Rx vehicle mounted UE on coverage and throughput and the possible ways to avoid or at least minimize such impact.

· Link budget with 2 RX vehicular UE 
· TCU receiver RF chain and architecture

· Coverage and throughput impacts at system level


The intention of this contribution is to discuss some relevant aspects to address these objectives. In particular, we provide a high-level description of telematic units, both conventional Telematic Control Unit (TCU) and newer Intelligent Antenna Module (IAM) concept, as well as our view about the proposed exception and some recommendations for the evaluation part of the study item are also drawn.  
2 Telematic Units and Car-Connectivity
In automotive, telematic units (TUs) are responsible for transmission, reception, storage, and display of information/data relevant to a wide range of applications including safety and security, infotainment, diagnostics, navigation, etc. Broadly speaking, there are several types of TUs among which the more representative are: Head Units (HUs), providing a human-interface to infotainment applications, Body Control Units (BCUs) which monitor and control a variety of non-powertrain functions, and Telematic Control Units (TCUs) which are generic centres of processing and communication for the previously indicated services. Regardless of the type of TU, they can be considered as onboard systems connected to either internal components/systems or external communication entities and networks, and given the nature of many automotive applications, TUs are expected to be reliable, secure, and as much as possible, future proof. Thus, it is possible to talk of two fundamental types of (uni- or bidirectional) wireless connectivity as depicted by Figure 1: 1) communications to external entities/networks, i.e., extra-car communications, and 2) communications inside the car, i.e., intra-car communications.  


[image: image1]
Figure 1. Vehicle’s connectivity can be broadly classified as extra- and intra-car communications.

As it can be seen from Figure 1, wireless connectivity requires the use of antennas to transmit and receive wireless signals. From this point of view, it is also possible to distinguish between: 1) classical architecture, where antennas are physically separated of the TU, but connected to it using cables, and 2) intelligent antenna architecture, where TUs are attached to the antennas integrating transceivers/tuners and other required functions in the same box. Thus, avoiding the need for (up to 6 meters per antenna) cables and connectors, its associated weight, loses, costs, and the effort of multiple wiring within the car, as it is shown in Figure 2. However, this comes with some additional challenges as modems and other components are placed in a much harder environment, with factors such as thermal noise affecting the performance.  It is worth saying that the use of Intelligent Antenna Modules (IAMs) is becoming trend, i.e., market goes towards IAMs mainly due to their advantages and the flexibility they offer to Original Equipment Manufacturers (OEMs). In general terms, the antenna concept to be used depends on the service use cases (i.e., type of service, wireless technology, bands), the type of vehicle and candidate antenna locations, and performance specifications, see Figure 3 and Figure 4.
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Figure 2. Architectures to integrate telematic and antenna units.
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Figure 3. Possible location for antennas: sedan.
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Figure 4. RF concepts and antenna performance assessment.

Two main concepts are shown in Figure 4: Flat and Shark-Fin. The performance of Shark-Fin antennas depends on the maximum height, and this type of antennas has the closest performance to an ideal monopole. Thus, Shark-Fin provides, in general, better performance than Flat implementation, with improvements ranging between 0.5dB to 3dB depending on the frequency band. However, it is worth saying that due to the limited volume and decoupling, implementation of more than two antennas is challenging in Shark-Fin.  
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Figure 5. Basic architecture comparison.

Finally, basic and generic block diagrams of the previously indicated architectures are shown in Figure 5. Broadly speaking, wired interfaces provide intra-car connectivity with several sub-systems and components within the car (e.g., sensors, actuators, diagnosis). The wireless interface, composed of modems, radio access, RF front ends, compensators and/or boosters, provides both extra- and intra-car connectivity. Note that in case of IAM, the wireless interface is physically co-located within the same board/box. Within the wireless interface, modems and radio access provide baseband processing and radio access protocols implementation required for radio signal transmission and reception. In general terms, RF architecture refers to the number, order, and type of stages in the RF chain, as well as the configuration (parameters) of each of them. 
The wireless interface is the constitutive block of the telematic system which is affected the most by the selection of the number of antennas. 
As indicated earlier, one of the main goals in [1] is to determine whether the use of 2 receiver antennas (2RX) for car-mounted (Rel. 15) UE does not imply a performance degradation at system level, with respect to the case of 4 receiver antennas (4RX) that is currently specified. Thus, when addressing this issue, we consider that it is important to take into account not only practical implications for OEMs (e.g., upgrade path, costs, etc.) but also the potential impact on the deployment of automotive-oriented services (e.g., V2X), which is linked to performance aspects, i.e., coverage and capacity. We provide our view about these two aspects next. 
2.1 Performance: Coverage and Capacity
In the context under discussion, the impact on link budget depends on the antenna efficiency and directivity, i.e., gain of the antenna, and the losses associated with carrying the signal from the antennas to the required destination within the car (i.e., losses in cables, connectors, etc.). We see that a necessary condition (but perhaps not sufficient) to allow the requested exception is to show that Car-Mounted (CM) UE equipped with 2RX can provide similar (or even better) link budget than 4RX handheld (HH) UEs inside-car. As evident from the discussion before, link budget values are strongly determined by the number, characteristics, and location of the antennas, i.e., the selected evaluation scenario/setting. Hence, it is very important to select representative scenarios for simulations. In addition, harmonized antenna gains values provided by automotive industry (i.e., 5GAA) should be used as reference for such evaluations. 

Although we do not see throughput/capacity as the main criterion (it is out of scope for RAN4 [2] and throughput does not scale linearly with the number of antennas, for instance from 2Rx to 4Rx), we agree that throughput evaluation at system level should be part of the study in order to have better perspective of the impact of the proposed exception [3]. In this sense, comparison between 2RX and 4RX car-mounted UE would also be advisable to provide a more complete picture (i.e., performance gap) from vehicle point of view.

Proposal 1: In order to provide a wider perspective from performance evaluation point of view, the following two cases should be considered as baseline for evaluation purposes: 2RX CM UE vs 4RX HH UE and 2RX vs 4RX CM UE.

2.2 Practical Aspects.
Vehicular communications are certainly one of the main applications in 5G, with cars expected to be connected to fast, reliable and secured mobile broadband, and able to run advanced safety applications and autonomous and remote driving features. In order to crystalize the envisioned V2X framework, operation with multiple car-mounted UEs is very likely, as well as the use of multiple antenna techniques in GHz frequency bands, and coexistence of several wireless technologies. Bearing in mind this context, the practicalities associated to the implementation of car-mounted UE cannot be neglected, as indicated in [4]. 
In our view, one key aspect here is the large variety of implementation scenarios, i.e., the number of possibilities when it comes to antenna placement is large because antennas location differs from brand to brand and model to model [5]. It is also true that implementation of car-mounted UE is subject to many car-specific constraints, but several options and alternatives are also available to Original Equipment Manufacturers (OEMs), subject to requirements provided by Mobile Network Operators (MNOs), for instance:

· the use of different RF and mechanical integration concepts and/or additional hardware (e.g., RF compensators for cars [6]),

· it is also possible to have up to 6 antennas in Shark-Fin implementation, although with weak isolation of around 10dB. Antennas can be both external and internal, and in this case, link budget calculations are not straightforward. One key point is to meet the required Total Isotropic Sensitivity and Total Radiated Power (TIS and TRP, respectively), as well as the maximum gain difference between antennas which are non-collocated (up to 6dB, as a reference value). 
One popular option nowadays is the use of more than one Subscriber Identification Module (SIM), e.g., Dual-SIM, in order to independently support safety and infotainment services through 4G and 5G networks. In these cases, 5Rx and 6Rx are feasible approaches, and to some extend the antennas can be shared, obviously attending certain considerations and limitations of such solutions. 
As automotive suppliers, we are in favour of allowing as much freedom as possible to automotive OEMs and MNOs, which implies that mandatory requirements indicated in the technical specifications must take into consideration: 1) minimum performances according to the expectations of the market/industry for 5G, and 2) strategic aspects (e.g., products road-map or feasible upgrade paths). In other words, our understanding (and expectation) is that whether the 2RX exception is approved, it should not preclude the possibility of using more receiver antennas to OEMs which are willing to do so, i.e., it should also be captured in the specification as a minimum requirement for NR car-mounted UE.
Proposal 2: The 2RX exception, if granted, must be captured as a minimum requirement in the specification, i.e., not precluding the possibility of using more than 2 RX for car-mounted UE. 

3 Summary 

In this contribution we have provided basic information about telematic units as well as our view on the proposed 2RX exception for vehicular-mounted NR UEs. Therefore, we kindly ask the study group to take the following proposals into account:
Proposal 1: In order to provide a wide perspective from performance evaluation point of view, the following two cases should be considered as baseline for evaluation purposes: 2RX car-mounted UE vs 4RX hand-held UE and 2RX vs 4RX car-mounted UE.

Proposal 2: The 2RX exception, if granted, must be captured as a minimum requirement in the specification, i.e., not precluding the possibility of using more than 2 RX for car-mounted UE. 
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