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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 captures the findings of the study item, "Study on NR Vehicle-to-Everything" [2]. The purpose of this TR is to is to study how to support advanced V2X use cases identified in [3], among other matters. However, this does not imply that NR V2X capability is necessarily restricted to advanced services. It is up to the regional regulators and the stakeholders involved (i.e. car OEMs and the automotive ecosystem in general) to decide on the technology of choice for the services and use cases.
This document addresses NR sidelink design for V2X; Uu enhancements for advanced V2X use cases; Uu-based sidelink resource allocation/configuration by LTE and NR; RAT and interface selection; QoS management; and non-cochannel coexistence between NR and LTE sidelinks. The study addresses unlicensed ITS bands and licensed bands in frequency ranges below and above 6 GHz, i.e. FR1 and FR2, up to 52.6 GHz.
This document is a 'living' document, i.e. it is permanently updated and presented to TSG-RAN meetings.

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 RP-181480: "New SID: Study on NR V2X".
[3]
3GPP TR 22.186: "Enhancement of 3GPP support for V2X scenarios; Stage 1".
[4]
3GPP TR 38.913: "Study on Scenarios and Requirements for Next Generation Access Technologies".
[5]
3GPP TR 37.885: "Study on evaluation methodology of new Vehicle-to-Everything V2X use cases for LTE and NR".
3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP 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 3GPP 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 3GPP 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 3GPP TR 21.905 [1].

ITS
Intelligent transport systems
RSU
Road side unit
V2B
Vehicle to base station
V2I
Vehicle to infrastructure
V2P
Vehicle to pedestrian
V2R
Vehicle to road side unit
V2V
Vehicle to vehicle
V2X
Vehicle to everything
4
Introduction
Support for V2V and V2X services has been introduced in LTE during Releases 14 and 15, in order to expand the 3GPP platform to the automotive industry. These work items defined an LTE sidelink suitable for vehicular applications, and complementary enhancements to the cellular infrastructure.
Further to this work, SA WG1 have defined Stage 1 requirements for support of enhanced V2X use cases, which are broadly arranged into four use case groups [3]:
1)
Vehicles Platooning enables the vehicles to dynamically form a platoon travelling together. All the vehicles in the platoon obtain information from the leading vehicle to manage this platoon. These information allow the vehicles to drive closer than normal in a coordinated manner, going to the same direction and travelling together. 

2)
Extended Sensors enables the exchange of raw or processed data gathered through local sensors or live video images among vehicles, road site units, devices of pedestrian and V2X application servers. The vehicles can increase the perception of their environment beyond of what their own sensors can detect and have a more broad and holistic view of the local situation. High data rate is one of the key characteristics.

3)
Advanced Driving enables semi-automated or full-automated driving. Each vehicle and/or RSU shares its own perception data obtained from its local sensors with vehicles in proximity and that allows vehicles to synchronize and coordinate their trajectories or manoeuvres. Each vehicle shares its driving intention with vehicles in proximity too. 

4)
Remote Driving enables a remote driver or a V2X application to operate a remote vehicle for those passengers who cannot drive by themselves or remote vehicles located in dangerous environments. For a case where variation is limited and routes are predictable, such as public transportation, driving based on cloud computing can be used. High reliability and low latency are the main requirements.
In TSG RAN, a set of corresponding 5G RAN requirements, channel models, etc. for NR have been defined in TR 38.913 [4] and TR 37.885 [5].
This study investigates the RAN aspects of supporting these advanced use cases and requirements in NR, as phase 3 of V2X support in the 3GPP platform. This TR reports the study's findings on: NR sidelink design for V2X; Uu enhancements for advanced V2X use cases; Uu-based sidelink resource allocation/configuration by LTE and NR; RAT and interface selection; QoS management; and non-cochannel coexistence between NR and LTE sidelinks. The study addresses unlicensed ITS bands and licensed bands in frequency ranges below and above 6 GHz, i.e. FR1 and FR2, up to 52.6 GHz. As can be seen from these aspects, NR V2X will complement LTE V2X for advanced V2X services and support interworking with LTE V2X.
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