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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document is a technical report for NR vehicle mounted UE with 2Rx antenna at FR1 in Rel-15. The purpose is to gather the relevant background information and studies in order to address 2Rx exception for NR vehicular UEs in a few specific NR bands such as n7, n38, n41, n77, n78 and n79 since NR UE shall be equipped with 4Rx ports as a baseline is mandated for these NR bands. 
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. As a part of allowing the 2 RX exception, RAN 4 needs to evaluate identification of vehicle mounted UEs in the network and corresponding test methods
This TR contains the evaluation results for the impact of 2Rx vehicle mounted UE on coverage and throughput considering the realistic RF architecture and link budget with reasonable antenna gain of 2Rx vehicle UE. Also propose the methods to distinguish vehicle UE from handheld UE to verify conformance and GCF certification.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]

3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]
3GPP TR 30.007: “Guideline on WI/SI for new Operating Bands”
[3]
3GPP TS 38.101-1: “NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone”
[4]
3GPP TS 38.101-2: “NR; User Equipment (UE) radio transmission and reception; Part 2: Range 2 Standalone”

[5]
3GPP TS 38.101-3: “NR; User Equipment (UE) radio transmission and reception; Part 3: Range 1 and Range 2 Interworking operation with other radios”
[6]
R4-1811897
“WF on Evaluation for 2 RX exception in Rel-15 vehicle mounted UE”

[7]
RP-182169
“LS on impact of 2Rx vehicle mounted UEs on coverage”
3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. 
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

3.2
Symbols

For the purposes of the present document, the following symbols apply:

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
4
Background
The present document is a technical report for NR vehicle mounted UE with 2Rx antenna at FR1 in Rel-15. The document contained the following objectives due to urgent market demands of the automotive industry for 5G
· 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
2. Methods to distinguish vehicular UE from handheld UE

· Methods to define vehicle mounted UEs 

· Methods to verify conformance and GCF certification (excluding OTA scope)
5
General aspects for NR vehicle mounted UE at FR1
[Editor Note: this section will be updated]
6
Evaluation on the coverage related issue
[Editor Note: this section will be updated]
7
Evaluation on the throughput related issue
Based on the agreed WF [6], the throughput evaluation is out-of-scope of RAN WG4. Hence, RAN4 do not need further discussion for the evaluation on the throughput issues. However, RAN4 need to study the cell edge performance based on link budget evaluation to statisfy the European Commission’s Broadband Europe vision
 of 30 Mbps downlink throughput [7]. It will be covered in session 6 based on vehicle link budget evaluation. 
8
Method to distinguish the vehicle mounted NR UE from Handheld NR UE
 [Editor Note: this section will be updated]
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