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1 Introduction

In RAN#68 meeting, the feasibility study on LTE-based V2X Services [1] was agreed. Three V2X services are included: V2V, V2I, and V2P. The SID objectives related to V2I/N are: 
3) For support of Uu transport for V2V, and PC5/Uu transport for V2I/N and V2P services (to be completed by RAN#72 – June 2016), at least including:
a) Evaluate the feasibility of Uu transport for V2V and V2P in terms of meeting latency requirements, network coordination required, resource efficiency, and energy efficiency of UE. [RAN1, RAN2, RAN3]

b) Identify and evaluate eenhancements required to support each of eNB type and UE type RSU [RAN1, RAN2, RAN3]. According to the current SA status, RAN2 will not study solutions for UE-to-UE relaying based on a new architecture for UE-type RSU.
In this paper, we discuss potential Uu enhancements for V2I and V2N.
2 Discussions
2.1 Requirements of V2I/N from SA
In TR 22.885 [2], a V2I service is defined as “a type of V2X Service, where one party is a UE and the other party is an RSU both using V2I application”, and a V2N service is defined as “a type of V2X Service, where one party is a UE and the other party is a serving entity, both supporting V2N applications and communicating with each other via LTE network entities.” All the use cases are described, in which the relevant use cases on V2I/V2N are summarized in Table 1. We list some of the requirements of V2I/V2N, such as message size, latency, frequency, velocity, and transceiver type. The typical message size in V2I Service is 50-400 Bytes, and the maximum size is 1200 Bytes. The transceiver types involve eNB and RSU which “is implemented in an eNB or a stationary UE” [2]. 

In [2], it is explained that the RSU is also responsible for the V2V message transmission (Section 4.2 of [2]):

V2V is predominantly broadcast-based; V2V includes the exchange of V2V-related application information between distinct UEs directly and/or, due to the limited direct communication range of V2V, the exchange of V2V-related application information between distinct UEs via infrastructure, e.g., RSU.
We note that the RSU type in the V2I use cases can be either eNB-type RSU or UE-type RSU.
Table.1: summary of V2I/V2N use cases
	V2X
	Use case
	Message size(Bytes)
	Latency(ms)
	Frequency(Hz)
	Velocity(km/h)
	Transceiver type

	V2I
	V2I Emergency Stop Use Case
	Max: 1200 
	100
	Max :10 
	160(relative)
	

	
	Queue Warning
	50-400 
	100
	
	160(relative)
	

	
	Road safety services
	Max: 1200
	100
	Max :10
	160(absolute)
	eNB-type RSU

	
	Automated Parking System
	50-400
	100
	
	160(relative)
	

	
	Curve Speed Warning
	50-400 
	1000
	Max :1 
	
	

	
	V2X Road safety service via infrastructure
	
	500
	
	
	

	
	Mixed Use Traffic Management
	
	
	
	
	

	
	Use case for V2X access when roaming
	
	
	
	
	

	
	V2X by UE type RSU
	
	
	
	
	UE-type RSU

	V2N
	V2N Traffic Flow Optimisation
	50-300 
	1000 
	Max :1;

Min:0.1
	
	eNB


2.2 Enhancements for V2I based on eNB type and UE type RSU

In TR 22.885 [2], an RSU is described as “an entity supporting V2I Service that can transmit to, and receive from a UE using V2I application. RSU is implemented in an eNB or a stationary UE”. For V2I, an eNB-type RSU is implemented in an eNB which is capable of generating, transmitting, receiving and processing V2I messages and a UE-type RSU is implemented in a stationary UE which is capable of detecting, transmitting, receiving and relaying V2I messages. 
2.2.1 Discussion on eNB type RSU
In TR 22.885 [2], most of the V2I use cases could be the communication between vehicle and eNB. From Table 1, there are four cases that require a latency of no larger than 100ms. For example, for V2I Emergency Stop Use Case, the potential requirements require that the eNB shall be capable of transferring V2I Service messages between a UE and a RSU with no larger than 100ms latency and low delivery loss rate. According to the analysis of [3], the end-to-end total latency for eMBMS architecture is no more than 100ms. A maximum latency of 100ms requirement can fulfill Uu transport. 

Observation 1: For V2I/V2N applications, the latency requirement of 100 ms can be fulfilled on the Uu link. However Uu-based solution only applies for V2I/V2N in coverage scenario, and cannot apply for out of coverage scenarios.
2.2.2 Discussion on UE type RSU
2.2.2.1 Whether to identify RSU-type UEs from normal UEs
With V2V, two UEs communicate directly via PC5 interface. With V2I, the situation is quite different: a UE supporting a V2I application sends information to the RSU. The RSU may be an eNB-type RSU or a UE-type RSU. In [2], a UE-type RSU is described as a stationary UE and the V2I service could be carried via the PC5 interface. However, in general, the regular V2V UEs could be stationary as well; therefore a RSU UE cannot be differentiated from a V2V UE by its mobility only. Furthermore, for “V2X by UE type RSU use case” in Fig. 5.19.2-1 of [2], UE A moves to near RSU C and receives traffic light information transmitted by RSU C. At the same time, UE A receives other information from more other regular V2V UEs (e.g. UE B) in proximity. The priority levels might be different: for instance, at a crossroad, a traffic light signal message is more important than other messages for the driver. It is therefore necessary to identify quickly which messages are coming from RSU-type UEs is more necessary for UE A. In addition, if a UE wants to send a message to UE-type RSU, the UE has to know which UEs in proximity are configured to function as RSUs.
Based on the above discussion, it is clear that we need to be able to distinguish the normal UE and the RSU-type UE.
Proposal 1: It is necessary to distinguish normal UE and RSU-type UE.
2.2.2.2 Potential enhancements for UE-type RSU to support power saving
For a UE, battery life is one of the key aspects. When a UE-type RSU is used, power consumption needs to be addressed to avoid that the RSU operation drains the battery. It is noted that power saving for UE-type RSU also brings benefits to the operator.
Proposal 2: Potential enhancements on power saving can be considered for UE-type RSU.
3 Conclusion
This contribution discussed the potential enhancement for V2I/V2N traffic, the conclusion are following:
Observation 1: For V2I/V2N applications, the latency requirement of 100 ms can be fulfilled on the Uu link. However Uu-based solution only applies for V2I/V2N in coverage scenario, and cannot apply for out of coverage scenarios.
Proposal 1: It is necessary to distinguish normal UE and RSU-type UE.
Proposal 2: Potential enhancements on power saving can be considered for UE-type RSU.
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