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Abstract: This paper discusses various options on how LTE RSU can be deployed in the field.
1. Introduction
According to the latest version of SA1 TR 22.885, a Road Side Unit (RSU) is defined as following:
	Road Side Unit: a Road Side Unit (RSU) is a V2X Service enabled device that can transmit to, and receive from a moving vehicle using V2I Service. 


Because the communication between RSU and vehicles are critical part in providing road safety service to drivers and pedestrians, it is important to have a clear understanding on RSU.  
However, the picture of RSU described in the current TR is not yet clear. It is because the relation of RSU to the other nodes of 3GPP is missing in the TR and the text regarding RSU is not aligned across sections.
In the following, we discuss several options for RSU for LTE-based V2X. 
2. Options for RSU in LTE-based V2X
There seem following three options for RSU in the LTE-based V2X:
· Option 1: RSU is eNB.
· Option 2: RSU is a new entity in E-UTRAN.
· Option 3: RSU is UE.

Option 1: RSU is an eNB.
One of the benefits in LTE-based V2X comes from the possibility of using existing eNB as RSU. For current LTE operators, upgrading eNBs for RSUs would be cost-effective way to provide V2X service because operators can minimize the number of RSUs that needs to be newly installed. But this is not the case for DSRC/WAVE which has to start from scratch. It is because many new RSUs have to be installed to provide DSRC/WAVE-based V2X. From this perspective, using eNBs as RSUs is attractive. 
In addition, as shown in the following figure, V2X functionality can be selectively applied to cells where it is needed. Recent works done by other WGs on small cell concepts may help easy deployment of V2X. 



Pros:
· Upgrading eNBs for RSU will be cost-effective solution for operators.
· [bookmark: _GoBack]The number of LTE RSUs that are additionally deployed to cover all roads will be relatively small compared to other options, considering both current coverage of LTE cells and transmission power of eNBs.
· Uplink/downlink transmission to/from eNB is generally more reliable and secure than D2D transmission, particularly for delivery of V2X message in congestion.
· When D2D resource is congested, eNB can intervene to forward messages between vehicles using V2I and I2V.
Cons:
· The number of UEs that eNB needs to handle may increase.

Option 2: RSU is a new E-UTRAN node.
In this option, RSU is defined as a new node in E-UTRAN. The benefit of this option is that non-V2X functionalities do not need to be implemented in this new node, so that LTE RSU can be a lightweight network node.
However, we expect significant effort for standardization to be needed. For instance, TSG RAN may need to specify new radio interface between LTE RSU and UE, and probably specify new network interface between LTE RSU and other network such as eNB, MME, etc. Such specification work may consume lots of resources in RAN WGs.
Pros:
· LTE-based V2X RSU will be a lightweight network node optimized for V2X. 
Cons:
· Significant effort for standardization of a new node and new interfaces (e.g. with UE/eNB) is expected in 3GPP.

Option 3: RSU is UE.
In this option, UE is used as RSU and its location may be fixed in needed area such as intersection. To communicate with vehicles, in this option, RSU receives and transmits V2X messages using D2D interface instead of Uu interface. Thus, impact to Uu interface would be minimal. 
Because there is currently no deployed UE for this purpose, operators need to deploy many new RSUs to cover whole area. Thus, in this option, the cost of deployment may be a big burden to operators which want to provide V2X service. In addition, considering that UE’s transmitting power is lower than eNB’s transmitting power, the number of needed RSUs are much larger compared to other options. 
In addition, because RSU has to support V2V and V2P service also, consuming D2D resources for V2I as well as V2V/V2P can cause D2D resource congestion. This problem will be severe if there are many V2X vehicles/terminals at a hot spot which can be frequently observed in a metropolitan city, particularly when the number of V2X-enabled vehicles/terminals increases in the future.
Pros:
· Impact on Uu interface can be minimized.
Cons:
· The number of new nodes that needs to be deployed would be huge.
· Consuming D2D resources for V2I as well as V2V/V2P will cause D2D resource congestion. 
· New type of UEs may need to be defined. 
3. Proposal
Because LTE networks are already deployed in many areas, utilizing the existing eNBs as RSUs would be cost-effective way to provide V2X service. Considering both pros and cons described above, we propose that RSU is assumed to be eNB in LTE-based V2X. 
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* * * * Start of Changes * * * *
[bookmark: _Toc411268672]3	Definitions and abbreviations
[bookmark: _Toc411268673]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].
Road Side Unit: a Road Side Unit (RSU) is a V2X Service enabled eNBdevice that can transmit to, and receive from a moving vehicle forusing V2I Service. 
V2X Service: a type of 3GPP communication service that involves a transmission or receiving device on a vehicle. Based on the other party involved in the communication, it can be further divided into V2V Service, V2I Service, and V2P Service. 
V2V Service: a type of V2X Service, where both parties of the communication are vehicles.

* * * * Start of Next Change * * * *
[bookmark: _Toc411268675][bookmark: _Toc370723657][bookmark: _Toc411268732]4	Overview
[bookmark: _Toc343607231][bookmark: _Toc411268676][bookmark: OLE_LINK1][bookmark: OLE_LINK2]4.1	Types of V2X
The vehicular communication in this study, referred to as Vehicle-to-Everything (V2X), contains the following three different types:
-	Vehicle to Vehicle (V2V) Communications
-	Vehicle to Infrastructure (V2I) Communications
-	Vehicle to Pedestrian (V2P) Communications
[image: ]
Figure 4.1-1: Types of V2X (V2V, V2P, and V2I) 

Note: 	These three types of V2X can use“co-operative awareness” to provide more intelligent services for end-users. This means that transport entities, such as vehicles, roadside infrastructure, and pedestrians, can collect knowledge of their local environment (e.g., information received from other vehicles or sensor equipment in proximity) to process and share that knowledge in order to provide more intelligent services, such as cooperative collision warning or autonomous driving.
Editor’s Note: definitions need further work.

[bookmark: _Toc411268677]4.2	VehicleVehicular to VehicleVehicular (V2V)
Three basic classes of applications for providing ITS services: road safety, traffic efficiency, and other applications can be found in e.g., [2],[3]
E-UTRAN allows such UEs that are in proximity of each other to exchange V2V-related information using E-UTRAN when permission, authorisation and proximity criteria are fulfilled. The proximity criteria can be configured by the operator.
The UE supporting V2V applications broadcasts application layer information (e.g. about its position, dynamics, and attributes as part of the V2V service). The V2V payload must be flexible in order to accommodate different information contents, and the information can be broadcasted periodically according to a configuration provided by the operator. 

4.3	Vehicle to Infrastructure (V2I)
In V2I, RSU is considered as eNB and notifies vehicles in vicinity for providing ITS services including road safety, traffic efficiency, and other applications. 
RSU is able to receive uplink transmissions of V2X messages from vehicles. In addition, RSU is able to transmit V2X messages to vehicles in vicinity.

* * * * Start of Next Change * * * *

[bookmark: _Toc411268709]5.6	V2I Emergency Stop Use Case
[bookmark: _Toc411268710]5.6.1	Description
This use case describes vehicles V2I communication where a Service RSU notifies vehicles in vicinity in case of emergency stop to trigger safer behaviour.
[bookmark: _Toc411268711]5.6.2	Pre-Conditions
John is driving his car on the street. The car is equipped with ProSe-enabled UE supporting V2X service. 
There is several Service RSUs in his vicinity also equipped with ProSe-enabled UEs eNBs supporting V2X service.
[bookmark: _Toc411268712]5.6.3	Service Flows
John’s car engine breaks and his car suddenly stop in middle of the street. The safety service of John’s car notices this event and generates an “Stationary vehicle warning” DENM message. 
A Service RSU in John’s vicinity is able to receive the message.
The Service RSU relays the message to its surrounding cars.
All cars within the transmission range from the Service RSU are able to receive the message.
[bookmark: _Toc411268713]5.6.4	Post-Conditions
Cars in the vicinity of the Service RSU deliver the information to drivers who can take appropriate action.
[bookmark: _Toc411268714]5.6.5	Potential Requirements
[PR.5.6.5-001] The E-UTRAN shall be capable of transferring V2I service messages between two UEs supporting V2I applications with variable message payloads smaller than [3000] Bytes. The typical size of messages is [400] Bytes.
[PR.5.6.5-002] The E-UTRAN shall be capable of transferring V2I service messages between a highly mobile UE and a roadside unit both supporting V2I applications with the maximum frequency of [10] messages per second.
[PR.5.6.5-003] The E-UTRAN shall be capable of transferring V2I service messages between a highly mobile UE and a roadside unit both supporting V2I applications with latency no larger than [100] ms and low delivery loss rate.
[PR.5.6.5-004] The E-UTRAN shall be capable of supporting communication range between a highly mobile UE and a roadside unit both supporting V2I applications of at least [300] m at a given packet error rate of [TBD] for the transfer of V2I service messages. 

* * * * End of Changes * * * *
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