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1. Overall Description:

RAN4 intensively discussed on how to resolve the request from 5GAA to allow 2Rx antenna as exceptional case for vehicle mounted NR UE at frequency bands where 4Rx is mandated [1] and no consensus was reached on allowing this exception but there was consensus in RAN4 to consider difficulty of telematics control unit (TCU) implementation.
RAN4 identified issues need to be addressed as follows [2]:

· Issue 1: Coverage issues with 4Rx Handheld device and 2Rx Vehicle UE 
· Link budget, typical RF architecture and SNR for the receiver
· Issue 2: Need to distinguish Handheld UE and Vehicle UE in FR1? 
· Need to declare its type to TE vender?
· FFS whether RAN5 define a test case for this UE type
· Issue 3: Demodulation / RRM impact with 2Rx vehicles 
· Issue 4: More information from automotive industry about the difficulty of mounting 4Rx antennae of the vehicle  
The issues were investigated in RAN4 and answers for those were provided as possible solutions.
· Possible solution & Information [2] 
· Issue 1: 
· Antenna gain [3] in car is much higher than handheld
· DL: Taking antenna gain into account, Car with 2Rx have no less SNR than handheld device with 4Rx UE 
· UL: Taking antenna gain into account, Car has superior performance than handheld device.
· Issue 2: 
· UE declare its type for testing 
· For RFIC GCF test, both 2Rx and 4Rx can be declared for all chipset
· For device GCF test, handheld device can only declare 4Rx
· Issue 3 :
· Demodulation/RRM with requirements applied per number of declared Rx.
· Issue 4: 
· Implementation difficulties include:

1 Antenna connector availability
· Tighter requirements in quality & cost requirements compared to hand held UE
2 Environmental requirements like water proofing antenna systems limit # of antenna slots on the roof 
3 Additional antenna cables – cost, space 
· Room for cables through C-pillars (like Car frame) is not available
· Weight of additional cables affect the automotive design  
· Low end cars have serious design restrictions, when # of C-pillars are limited
4 Limited space for placement of communication modules
· Emergency call is mandated in some regions. Placement of radio modules for e-call, etc., limit the placement options for cellular antenna systems. 
· Such scenarios introduce additional cabling issues within the automotive design
5 Form factor of the car is limited 
· Multiple antenna placements at different position, for example in roof top does not guarantee enough real estate
· Best position of antenna systems is subject to optimization for implementing best antenna radiation capabilities
6 Additional RF compensator requirements to compensate loss 
· Which requires space and cost. Also adds to additional heating of the automotive communication systems. 
7 Multiple radios in car should be considered
· Implementation challenges inside a car hold tougher requirements (similar as above) when compared to hand held UE.  
8 Additional heat compensation requirements (ambient/operating temperature until 95°C) 
· The 5G device inside automotive must be fully functional, heat sink measures could be required when antenna chains increase within telematics control unit. 
· Long term product life should be considered which is also different from hand held UE
· Qualification requirements are different and harder compared to UE hand held (Ex: drop test)  
9 Costs associated with points 1-8 is significant for automotive development. Cannot be considered trivial.
Based on the investigation and information, RAN4 recommends RAN to have a decision on how to proceed the 5GAA request to have 2Rx an exceptional case for vehicle mounted NR UE with following options.

· Option1: Rel-15 TEI in Q3 2018
· Option2: Release independent manners from Rel-15
· Option3: Company CR in RAN #80
2. Actions:

To: RAN Plenary
ACTION: RAN4 kindly asks RAN to consider above RAN4 investigation and recommendation for 5GAA request and decide which options to go.
3. Date of Next TSG RAN WG4 Meetings:

TSG RAN WG4 Meeting #AH-1807                      02 - 06 Jul 2018 
                            Montreal, Canada
TSG RAN WG4 Meeting #88
  20 - 24 Auguest 2018                               Gothenburg, Sweden
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