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1. Introduction

3GPP started a feasibility study of LTE support on V2X communication from March 2015. For Rel-14, feasibility study and normative work have been completed in various working groups: SA1, SA2, SA3, RAN1, RAN2, RAN3, and RAN4. This contribution summarizes the results of SI/WIs for V2X services in Rel-14 and provides an overview of SI/WIs for advanced V2X services in Rel-15. It is suggested to base the clause 4 of TR 26.985, V2X overview, on this contribution.

2. V2X Activities in 3GPP

2.1. SA1

2.1.1. Rel-14

As a result of the feasibility study (FS_V2XLTE_S1, Study on Stage 1 of LTE support for V2X services), TR 22.885 [1] was completed in December 2015. The V2X service requirements for LTE transport are provided in TR 22.185 [2] completed in March 2016. 
In TR 22.185 [2], V2X applications are categorized into the following 4 types:

· Vehicle-to-Vehicle (V2V)

· Vehicle-to-Infrastructure (V2I): one party is a UE and the other party is an RSU (Road Side Unit) or an locally-relevant application server
· Vehicle-to-Network (V2N): one party is a UE and the other party is an application server communicating with each other via EPS
· Vehicle-to-Network (V2P): a UE of pedestrian might have lower performance (e.g., transmission speed, radio sensitivity, etc.) than a UE of vehicle
A brief summary of V2X service requirements in TS 22.185 [2] is outlined in Table 1.
	Overall requirement
	Configurability, inter-PLMN, prioritization, area control and etc.

	Specific requirement
	Latency/Reliability
	Max 100ms latency for V2V/I/P, Max 1000ms for V2N

	
	Message Size
	50~300 bytes for periodic broadcast, up to 1200 bytes for event-triggered (not including security-related information)

	
	Frequency
	Up to 10 messages per second per transmitting UE

	
	Range
	Sufficient to give driver ample response time (e.g. 4 seconds)

	
	Speed
	Max relative velocity 500km/h for V2V, max absolute velocity 250km/h for V2I (RSU)

	Security requirement
	Authorization, integrity protection, pseudonymity, privacy


Table 1. V2X service requirements.
Note that the requirements in TS 22.185 [2] have been derived from use cases including the exchange of relatively short messages, and there was no consideration on the delivery of multimedia data (e.g. video) for V2X services.
2.1.2. Rel-15
As a result of the feasibility study (FS_eV2X, Study on Enhancement of 3GPP support for V2X services), TR 22.886 [3] was completed in December 2016. It includes the following use cases that may include delivery of video:

· eV2X support for remote driving: e.g., buses following pre-defined static routes and a specific lane, and stopping at pre-determined bus-stops
· Automated cooperative driving for short distance group: e.g., truck platooning
· Video data sharing for assisted and improved automated driving (VaD): for a human visual system or machine-centric video data analysis
· Teleoperated support (TeSo): e.g., snow plowing, road construction

· 3D video composition for V2X scenario: e.g., sharing video with end-users in a car race

TS 22.186 [4], completed in March 2017, specifies service requirements to enhance 3GPP support for V2X scenarios in the following five areas:
· General Aspects: interworking, communication-related requirements valid for all V2X scenarios
· Vehicles Platooning: enabling the vehicles to dynamically form a group travelling together
· Advanced Driving: supporting semi-automated or fully-automated driving
· Extended Sensors: the exchange of raw or processed data gathered through local sensors or live video data among vehicles, RSUs, devices of pedestrians and V2X application servers
· Remote Driving: operating a remote vehicle by a remote driver or a V2X application

Requirements to support Advanced Driving and Extended Sensors include specific performance requirements for video sharing. The requirements are shown in Table 2.
	Communication scenario description
	Req #
	Max 
end-to-end

latency

(ms)
	Reliability (%)
	Data rate (Mbps)
	Min required communication range (meters)

	Scenario
	Degree
	
	
	
	
	

	Video sharing between a UE supporting V2X application and a V2X application server. 
	[R.5.3-010]
	
	
	UL: 10
	

	Video sharing between UEs supporting V2X application
	Lower 
degree of automation
	[R.5.4-007]
	50
	90
	10
	100

	
	Higher degree of automation
	[R.5.4-008]
	10
	99.99
	700
	200

	
	
	[R.5.4-009]
	10
	99.99
	90
	400


Table 2. Advanced V2X requirements.
2.2. SA2
Based on the service requirements defined in TS 22.185 [2], the Rel-14 Study on architecture enhancements for LTE support on V2X services (FS_V2XARC, TR 23.785 [5]) has been finished in September 2016. The TR has identified and evaluated potential architecture enhancements needed to operate LTE-based V2X. The Rel-14 normative work on the architecture enhancement for LTE support of V2X services (V2XARC, TS 23.285 [6]) was completed in November 2016. In Rel-14, both PC5 and LTE-Uu based architectures are specified for V2X communication. Figure 1 shows a high level view of the non-roaming architecture for PC5 and LTE-Uu based V2X communication.
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Figure 1: Non-roaming reference architecture for PC5 and LTE-Uu based V2X communication
Figure 2 shows a high level view of the reference architectures with MBMS for LTE-Uu based V2X communication. V2X Application Server may apply either MB2 or xMB reference points when managing MBMS service related information via BM-SC. MB2 reference point as defined in TS 23.468 [7] provides functionality related to group communication and xMB reference point as defined in TS 26.346 [8] provides overall functionality for any content and also supports security framework between content provider and BM-SC.
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Figure 2: Reference architecture for MBMS for LTE-Uu based V2X communication via MB2
Two functional entities dedicated to V2X services (V2X Control Function and V2X application server) and reference points between them and existing entities (UE, MME, BM-SC and MBMS-GW) are defined in TS 23.285 [6]. It also specifies the following high level functions:

· Authorization and Provisioning for V2X communications
· V2X message transmission/reception over PC5/LET-Uu reference points
· V2X application Server discovery

· QoS handling for V2X communication

· Subscription to V2X services

· MBMS bearer announcement for V2X use

· Support for V2X communication for UEs in limited service state

· Charging/Security/Privacy protection support for V2X communication
The Rel-15 Study on architecture enhancements for EPS and 5G system support on V2X services (FS_eV2XARC, TR 23.786 [9]) was approved at SA#76 in June 2017. The objectives of this study are to identify and evaluate potential architecture enhancements of EPS and 5G System design needed to support advanced V2X services identified in TR 22.886 [3], based on vehicular services requirements defined in SA1 V2X (TS 22.185 [2]) and eV2X (TS 22.186 [4]), and to determine which of the solutions can proceed to normative specifications.
2.3. SA3
Based on vehicular service requirements defined in TS 22.185 [2] and stage 2 solutions for V2X services defined in TS 23.285 [6], the Rel-14 Study on security aspects for LTE support of V2X services (FS_V2XLTE, TR 33.885 [10]) and the related normative work (V2XSEC, TS 33.185 [11]) have been finished in June 2017. TS 33.185 [11] specifies the security requirements on the network entities that are used to support V2X services, as well as the procedures and solutions provided to meet those requirements. In detail, it provides the security for the interfaces between network entities, between UE and V2X Control Function, and between V2X AS and 3GPP system. It also provides the security of V2X application data and details to privacy in V2X services.
2.4. RAN
2.4.1.  Rel-14
As a result of the feasibility study on LTE-based V2X services (FS_LTE_V2X), TR 36.885 [12] was published in July 2016. In the study, the RAN WGs concluded that 
· it is feasible to support transport for V2V, V2I/N and V2P services over Uu, 
· it is feasible to support V2I and V2P services over PC5, and

· V2P services where P-UE sends V2X messages but not receives V2X messages is substantially more power efficient than V2P services where P-UE receives V2X messages from V-UEs.
The RAN WGs identified solutions to improve the latency, capacity, and reliability performance of LTE Uu interface and observed that UL enhancements to the SPS protocol and DL enhancement to multicast/broadcast are beneficial from performance perspective. The RAN WGs also identified that some changes to the PC5 interface would be beneficial in terms of power consumption and UE complexity in case of P2V transmissions. 
RAN1 Rel-14 Core Part WI LTE-based V2X Services (LTE_V2X-Core) was completed in March 2017. The objectives of this work were to specify enhancements to both Uu transport and PC5 transport in E-UTRAN to support LTE-based V2X (V2V, V2I/N, and V2P) based on the outcome of the related study.
2.4.2.  Rel-15
RAN1 Rel-15 Core Part WI V2X phase 2 based on LTE (LTE_eV2X-Core) has been approved in March 2017, along with its associated RAN4 Rel-15 Perf. Part WI (LTE_eV2X-Perf). The motivation of this work item is to specify 3GPP V2X Phase 2 to support advanced V2X services as identified in SA1 TR 22.886 [3]. The specified technologies should be backward compatible with Release 14 V2X for the delivery of safety messages.
RAN4 Rel-15 Core part only WI V2X new band combinations for LTE (LTE_V2X_CA_bands) was approved in March 2017. The objective of this work item is to specify RAN4 RF requirements for concurrent operation of additional LTE Uu frequency bands/Carrier Aggregation and PC5 operation on Band 47. Once a band combination is completed, it shall be included in the 3GPP specifications immediately, and release independence of that combination shall be supported from release 14 (same approach as for LTE frequency bands and CA combinations today).
RAN1 Rel-15 Study on evaluation methodology of new V2X use cases for LTE and NR (FS_LTE_NR_V2X_eval) was approved in March 2017. The objective is to establish the evaluation methodology to be used in evaluating technical solutions to support the full set of 5G V2X use cases as identified in TR 22.886 [3] and the full set of 5G RAN requirements in TR38.913 [13]. The study should at least target extended sensor sharing, ranging to enhance positioning accuracy and other network based positioning enhancements, platooning, advanced driving, remote driving.
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