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Abstract of the contribution: This contribution discusses the functionalities of RSU and the architecture implications for the UE-type RSU or eNB-type RSU.
1.
Introduction
The definition of RSU is documented in TR 23.785 as following:
Road Side Unit: an entity supporting V2I Service that can transmit to, and receive from a UE using V2X application. RSU is implemented in an eNodeB or a stationary UE.
However, the functionalities of the RSU and how the RSU can be implemented are not very clear. This contribution tries to investigate the RSU based on the SA1 requirements and use cases.
2.
Discussion
2.1
Use cases and service requirements for RSU
The consolidated potential requirements identified in SA1 TR that involves RSU are summarized in the table below.

Table 1 
Service Requirements and Use Cases Involving RSU

	No.
	Consolidated Potential Requirements
	Corresponding Use Cases
	RSU Functionality

	1
	[CPR-005]
The E-UTRAN shall be capable of supporting a communication range sufficient to give the driver(s) ample response time (e.g. 4 seconds) even when an RSU is involved.
	① ② ③ ④ ⑤ ⑦ ⑧
	V2X message transmission and reception (communication range)

	2
	[CPR-011]
The E-UTRA(N) shall be able to support a maximum frequency of 10 V2X messages per second per V2X entity (e.g., UE and RSU). 
	① ③
	V2X message transmission and reception (transmission frequency)

	3
	[CPR-014]
The E-UTRA(N) shall be capable of transferring V2X messages between two UEs supporting V2V/P Service, directly or via an RSU, with a maximum latency of 100ms. 
	③
	V2X message relaying for V2V/P Service (latency)

	4
	[CPR-016]
The E-UTRA(N) shall be capable of transferring V2X messages between a UE supporting V2I Service and an RSU with a maximum latency of 100ms. 
	① ② ④ ⑤ ⑦
	V2X message transmission and reception for V2I Service (latency)

	5
	[CPR-022]
A UE using V2I application shall be able to receive a V2X message from an RSU, even when the RSU implemented as a UE is out of coverage or when the RSU implemented as an eNB is operating as an isolated eNB.
	① ② ③ ④ ⑤ ⑦ ⑧
	V2X message transmission and reception (out of coverage or isolated eNB)

	6
	[CPR-024]
An RSU shall be able to transmit V2X messages to a UE supporting V2X Service, if requested by the V2X Service layer.
	① ② ③ ④ ⑤⑦ ⑧
	V2X message transmission 

	7
	[CPR-025]
An RSU shall be able to deliver V2X messages to an application server and/or to other RSUs, if requested by the V2X Service layer.
	⑤
	V2X message delivery between RSUs, and between RSU and application server

	8
	[CPR-031]
The E-UTRAN shall be capable of transferring V2X messages between UE supporting V2V and/or V2P Service and between UEs and RSU supporting V2V and/or V2I Service with a maximum absolute velocity of 160 km/h. 
	① ② ③ ④
	V2X message transmission and reception (velocity)


Note: 

1 V2I Emergency Stop Use Case (Section 5.6 in SA1 TR [2])

2 Queue Warning (Section 5.7 in SA1 TR [2]) 
3 Road safety services  (Section 5.8 in SA1 TR [2])

4 Automated Parking System (Section 5.9 in SA1 TR [2])

5 V2X Road safety service via infrastructure (Section 5.14 in SA1 TR [2])

6 V2N Traffic Flow Optimisation (Section 5.15 in SA1 TR [2])

7 Curve Speed Warning (Section 5.16 in SA1 TR [2])

8 Intersection safety for pedestrian via vehicle to infrastructure communication (Annex E in SA1 TR [2])

2.2
RSU Functionalities
Based on the above use cases and service requirements for RSU, the following functionalities of RSU are identified.

2.2.1
V2X message transmission/reception for V2I Service

The basic functionality of RSU is described in the service requirements [CPR-005], [CPR-011], [CPR-016] and [CPR-031], that is the V2X message transmission and reception between a UE supporting V2I Service and a RSU for V2I Service. In most of the use cases, the V2X messages are broadcast, while in the particular use case (e.g. automated parking system) unicast may be needed.

Observation 1: The RSU needs to support V2X message transmission and reception to and from a UE for V2I Service.
For the eNB-type RSU, the RSU supports receiving the V2X message from the UE supporting V2I service from LTE-Uu interface, and the RSU supports transmitting the V2X message to UEs supporting V2I service using broadcast (e.g. eMBMS, SC-PTM) over LTE-Uu.

For the UE-type RSU, the RSU supports receiving the V2X message from the UE supporting V2I service from PC5 interface, and the RSU supporting transmitting the V2X message to UEs supporting V2I service using broadcast over PC5.

Proposal 1: The eNB-type RSU supports V2X message transmission and reception over LTE-Uu for V2I Service.
Proposal 2: The UE-type RSU supports V2X message transmission and reception over PC5 for V2I Service.
2.2.2
V2X message relaying for V2V/P Service
Besides the support of V2I Service, the RSU can also support V2V/P Service for relaying the V2X message between two UEs supporting V2V/P Service as described in the service requirement [CPR-014]. In this kind of V2X communication, a UE supporting V2V/P Service transmits the V2X message to the RSU first and the RSU then transmits the V2X message to other UEs supporting V2V/P Service.
Observation 2: The RSU needs to support relaying V2X message for V2V/P Service.
For the eNB-type RSU, the RSU supports receiving the V2X message from the UE supporting V2V/P service from LTE-Uu interface, and then relaying the V2X message to UEs supporting V2V/P service using broadcast (e.g. eMBMS, SC-PTM) over LTE-Uu.

For the UE-type RSU, the relaying of V2X message is not supported and the UE-to-UE relay is not in the scope of RAN V2X SID.
Observation 3: The UE-type RSU does not support relaying V2X message for V2V/P Service.

Proposal 3: The eNB-type RSU supports relaying V2X message for V2V/P Service.
2.2.3
Out of coverage support
To support out of coverage operation, the RSU needs to support V2X message transmission and reception in case of without E-UTRAN coverage or backhaul as described in [CPR-022]. This can be further divided into two cases. In the first case, the RSU is implemented in a stationary UE which is out of coverage. In the second case, the RSU is implemented in an eNB which operates as an isolated eNB.
Observation 4: The RSU needs to support out of coverage operation.
Proposal 4: The eNB-type RSU supports out of coverage operation on an isolated eNB.

Proposal 5: The UE-type RSU supports out of coverage operation on a stationary UE supporting OOC.
2.2.4
Interactions between RSUs and App Server
The interactions between RSUs, and between RSU and App Server may be needed in some cases (e.g. to extend the transmission range). So that the RSU should support V2X message delivery to and from other RSUs and the App Server as described in service requirement [CPR-025].
Observation 5: The RSU needs to support interaction to other RSU and App Server.
For the eNB-type RSU, the RSU supports receiving/transmitting the V2X message from/to other RSUs over X2 interface, the RSU supports receiving/transmitting the V2X message from/to App Server over S1 interface.
For the UE-type RSU, the RSU supports receiving/transmitting the V2X message from/to other RSUs over PC5 interface, the RSU supports receiving/transmitting the V2X message from/to App Server over LTE-Uu interface.
Proposal 6: The eNB-type RSU supports V2X message transmission and reception over X2 and S1 interfaces.

3.
 Proposal
It is proposed to add the following key issue into TR 23.785.
************************************************Start of Change*********************************************************
4.1
Architectural Assumptions
Architecture assumptions for RSU:

The RSU a logical function to support V2X Service and can be implemented in an eNB or a stationary UE.
The eNB-type RSU supports V2X message transmission and reception over LTE-Uu, X2 and S1 interfaces, and also supports out of coverage operation.

The UE-type RSU supports V2X message transmission and reception over PC5 interface, and also supports out of coverage operation.
************************************************End of Change*********************************************************
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