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1 Introduction

The new Study Item on Feasibility Study on LTE-based V2X Services SI [1] was agreed in RAN#68. The RAN2/RAN3 related objectives of the SI are given as follows:
	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 enhancements 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.
c) Identify and evaluate the necessity of enhancements to multi-cell multicast/broadcast for reduced latency and improved efficiency [RAN1, RAN2, RAN3].
Note: It is up to SA WG(s) how to name the interface for direct vehicle-to-vehicle communication.

The identified options/enhancements should reuse the existing features of LTE as much as possible.


In this contribution we discuss the possible RAN architectures and enhancements to support PC5/Uu transport for V2I/N services.

2 Discussion

In the SA1 TR 22.885[2], the vehicular communication contains the three different types:
-
Vehicle-to-Vehicle (V2V) Communications

-
Vehicle-to-Infrastructure (V2I) Communications

-
Vehicle-to-Pedestrian (V2P) Communications

The definition for the V2I is as follows:
The UE supporting V2I applications sends application layer information to RSU. RSU sends application layer information to a group of UEs or a UE supporting V2I applications. 

V2N is also introduced 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.
According to the description of [2], the following use cases should be considered for V2I/V2N service. According to the description of service flow of each use case, the V2I/V2N communication type is summarized in the second column of the following table:
Table-1.  V2V communication type for each V2I/V2N use case
	
	Use cases
	Unicast or broadcast

	V2I
	V2I Emergency Stop Use Case
	UL:Unicast or Broadcast
DL: Broadcast

	
	Queue Warning
	UL:Unicast or Broadcast
DL: Broadcast

	
	Road safety services via eNB
	UL:Unicast or Broadcast
DL: Broadcast

	
	Automated Parking System
	UL:Unicast 
DL: Unicast

	
	V2X Road safety service via infrastructure
	UL:Unicast or Broadcast
DL: Broadcast

	
	Curve Speed Warning
	DL:Broadcast

	
	V2X by UE type RSU
	UL:Unicast or Broadcast
DL: Broadcast

	
	Mixed Use Traffic Management
	UL:Unicast or Broadcast
DL: Broadcast

	V2N
	V2N Traffic Flow Optimisation
	UL:Unicast 
DL: Unicast or Broadcast


Observation 1: Unicast and broadcast V2I/V2N communication should be considered in Rel-14.

Potential Architecture for V2I

According to the SID [1], there are two types of RSU including eNB type and UE type RSU. The possible RAN architectures and enhancements of each type RSU will be analyzed in the following section.

eNB type RSU for V2I 

Option1.  PC5 transport for V2I 
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Figure1: PC5 transport for eNB type RSU architecture
As showed in Figure1, eNB supports RSU functionality, the radio interface between UE and eNB (RSU) is based on the PC5 protocol. Currently, the PC5 only support broadcast communication. However, according to the analysis of   above Table 1, the unicast communication also needs to be considered in this SI. How to support unicast communication in the PC5 interface needs further study. 
For most of V2I service, the traffic is delivery between the UE and the RSU supporting V2I applications, e.g. V2I Emergency Stop Use Case, Queue Warning and etc. For V2X Road safety service via infrastructure case, as described in the SA1 TR [2], the RSU shall be able to deliver V2X messages to a traffic safety server and/or UEs supporting V2X Service and/or to other RSUs. Therefore, the interface between the RSUs and between the RSU and V2X server may be needed. 
The interface between RSUs can be based on X2 interface or new interface to deliver V2X messages. The interface between the RSU and V2X Server (e.g. traffic safety server) can be a new interface. Another possibility is that the RSU in the eNB may attach to the LTE network as a special UE through the eNB and initiate a PDN connection to the V2X server via the legacy unicast network, after that the RSU transit the V2X messages to the V2X server via the EPS bearer of PDN connection. In this case, no interface between the RSU and V2X Server is needed, and the interface between RSU and eNB is an internal Uu interface. 
Option2. Uu transport for V2I 
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Figure2: Uu transport for eNB type RSU architecture
As showed in Figure2, eNB supports RSU functionality, the radio interface between UE and eNB (RSU) is based on the Uu protocol. The legacy unicast network architecture and eMBMS/CBS network architecture can be reused for different V2X service. 
For unicast transmission, the legacy unicast network architecture will be used. In order to reduce latency, a Local-GW can be deployed in the eNB to support the traffic local break out or the eNB can terminate the V2I traffic and deliver to the V2I application layer. For broadcast transmission the eMBMS or CBS network architecture will be used, some enhancement based on existing eMBMS or CBS procedure may need further study.
In order to transmit the V2X message to the V2X server, the RSU in the eNB may attach to the LTE network as a special UE through the eNB and initiate a PDN connection to the V2X server, after that the RSU transit the V2X messages to the V2X Server via the EPS bearer of PDN connection. The interface between the RSUs can be based on X2 interface or new interface.
Option3. Uu transport for UL transmission +PC5 transport DL transmission
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Figure3: Uu transport +PC5 transport for eNB type RSU architecture
As showed in Figure3, the UL transmission can base on legacy unicast network architecture. The DL transmission can base on D2D PC5 interface protocol. In order to reduce latency, a Local-GW and V2X application can be deployed in the eNB to support the traffic local break out or the eNB can terminate the V2I traffic and deliver to the V2I application layer. Similarly to option1, the PC5 interface needs to consider how to support unicast communication.
In order to transmit the V2X message to the V2X server, a new interface between the RSU and V2X server could be introduced, or the RSU in the eNB may attach to the LTE network as a special UE through the eNB and initiate a PDN connection to the V2X server. The interface between the RSUs can be based on X2 interface or new interface. 
Option4: PC5 transport for UL transmission + Uu transport for DL transmission
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Figure4: PC5 transport +Uu transport for eNB type RSU architecture
As showed in Figure4, the UL transmission can base on D2D PC5 interface protocol. The DL transmission can base on legacy eMBMS or CBS network architecture. In order to reduce latency, a Local-GW can be deployed in the eNB to support the traffic local break out or the eNB can terminate the V2I traffic and deliver to the V2I application layer. For broadcast transmission the eMBMS network architecture will be used, some enhancement based on existing eMBMS or CBS procedure may need further study.
In order to transmit the V2X message to the V2X server, the RSU in the eNB may attach to the LTE network as a special UE through the eNB and initiate a PDN connection to the V2X server, after that the RSU transit the V2X messages to the V2X Server via the EPS bearer of PDN connection. The interface between the RSUs can be based on X2 interface or new interface.
UE type RSU for V2I 
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Figure5: UE type RSU architecture for V2I
Accoding to the SA1 description for V2X by UE type RSU use case [2], RSU which is same as UE will request for eNB to allocate with radio resources. The eNB allocates radio resources to RSU, and RSU uses the allocated radio resources to broadcast traffic light signal information. It’s natual to use PC5 protocal between the UE and the RSU(UE), and use Uu protocal between the RSU(UE) and eNB as showed in Figure5.
Proposal 1: It’s proposed to discuss the potential RAN architecture and identify the possible enhancement to support the V2I service.
Potential architecture for V2N 

Accoding to the SA1 description for V2N Traffic Flow Optimisation use case[2], Vehicles A, B, C and D supporting V2N are transmitting their location, speed and direction of travel to an entity controlling the traffic light(s) and giving back information, such as speed recommendations, to the vehicles.
To support the above V2N service requirement, the legacy unicast /eMBMS/CBS network architecture can be reused as showed in the Figure6.

[image: image6.emf]UE

eNode B

(RSU)

MCE

MME P-GW

PCRF

V2X Server

Rx

SGi

Gx

Sm

S11

S1-U

S1-MME LTE-Uu

S-GW

MBMS-

GW

M2

M3 M1

BM-SC

S5

SGmb

SGi-mb

SGi

SBc

CBC CBE


Figure6: Potential architecture for V2N
Proposal 2: It’s proposed to reuse the legacy unicast/ eMBMS/CBS network architecture to support the V2N service.
3 Conclusion
Based on the discussion in section 2 the following is proposed:

Proposal 1: It’s proposed to discuss the potential RAN architecture and identify the possible enhancement to support the V2I service.
Proposal 2: It’s proposed to reuse the legacy unicast/ eMBMS/CBS network architecture to support the V2N service.
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