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1. Introduction
The aim of this document is to discuss what is required to make needed progress on the recently-raised issues regarding antenna support for NR UEs with antennas integrated into vehicle structures.

2. Discussion
2.1	Background
An LS has been received by TSG RAN#80 in [1] from RAN4, providing information and requesting support from RAN plenary on the handling of a discussion triggered by a previous LS sent to 3GPP from 5GAA in [2] regarding the number of Rx antennas required and able to be supported by the NR UE which has its antennas integrated into a vehicular structure. Essentially the concern highlighted was that the mandate for the NR UE to support 4 Rx antennas in selected NR bands it too stringent for such a device, and the need to consider a relaxation of the requirement.

2.2 Some key points for discussion
Whilst the importance of this issue is appreciated, and the information provided in [1] are a step in the right direction with respect to the issues (1-4) raised with adopting such a relaxation, Vodafone believes that more detailed analysis is required, particularly on Issue 1 and Issue 2, before this topic can be finalised.

Further study required for Issue 2: 
Description copied from [1]:
· 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
Proposed solution from [1]: 
· 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

Further work required
[bookmark: _GoBack]3GPP currently has no definition for a UE defined as a “vehicular UE with antenna structure integrated into the vehicle structure”. This would need to be clearly defined by 3GPP before it could be used distinguished for the purpose of verifying 3GPP conformance requirements and corresponding GCF certification, bearing in mind that it the end device, not the chipset, that is important here.

Proposal 1: Task 3GPP RAN WG4 to investigate further how such a device could be defined - considering also how such devices are presented to GCF for testing, and without opening the door for “other” device types to support “only” 2Rx requirements in the corresponding NR frequency bands. Also consider whether the network may benefit from having “awareness” of such a device.






Further study required for Issue 1 
Description copied from [1]:
· Coverage issues with 4Rx Handheld device and 2Rx Vehicle UE 
· Link budget, typical RF architecture and SNR for the receiver
Proposed solution from [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.

Further work required:
While the proposed solution above is a possible implementation of a device integrated into a vehicle, in order for this information to be relevant to justifying such 2Rx instead of 4Rx support, there would need to be:
· More information on the UE antenna architecture for this scenario, and how the compensating gain can be guaranteed, and the likely difference in link budget performance compared to 4 Rx.
· Steps taken to understand how such antenna architecture designs will be ensured and how their performance will be verified.
 
Proposal 2: Task RAN4 to investigate further in the following areas:
· More information on the UE antenna architecture for this scenario, and how the compensating gain can be guaranteed, and the potential typical gap in link budget performance compared to 4Rx.
· Steps taken to understand how such antenna architecture designs will be ensured and how their performance will be verified.


3. Proposals
The following proposals are made from this paper:

Proposal 1: Task 3GPP RAN WG4 to investigate further how such a device could be defined - considering also how such devices are presented to GCF for testing, and without opening the door for “other” device types to support “only” 2Rx requirements in the corresponding NR frequency bands. Also consider whether the network may benefit from having “awareness” of such a device.

Proposal 2: Task RAN4 to investigate further in the following areas:
· More information on the UE antenna architecture for this scenario, and how the compensating gain can be guaranteed, and the potential typical gap in link budget performance compared to 4Rx.
· Steps taken to understand how such antenna architecture designs will be ensured and how their performance will be verified.
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