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1 Introduction
According to the SA1 TR22.885 [2] and the RAN SID [1], RSU is defined as 
Road Side Unit: 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.

Basically it is understood as a logical function to be implemented in an eNB or a stationary UE.
In this contribution the scenario and requirement of RSU and enhancement are discussed.
2 Scenario and requirement
2.1 eNB type RSU

· Scenario 1: in case of in coverage scenario, for V2I/V2N, eNB type RSU should get the message content from application server and broadcast V2X message in downlink. 
For example, in “Curve Speed Warning” use case, the RSU will transmit the warning message frequently. The eNB type RSU should be able to broadcast the warning messages to vehicles in its coverage and get the message content broadcasted from some kind of application server, implemented in the eNB or locate in the network as an isolated server.
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Figure 1: eNB type RSU scenario 1
· Scenario 2: In case of in coverage scenario, for Uu based V2V, eNB type RSU should be able to receive the V2X message from a vehicle in uplink and then transit the corresponding V2X message to the other vehicles in downlink. Furthermore, depending on whether vehicle UEs belong to the same eNB/operator or not, the following three scenarios are considered:
· Scenario 2-1: As shown in figure 2-1, vehicle UEs communicating each other are all under the coverage of the same eNB type RSU. The eNB type RSU can be a logical function to be implemented in eNB or can be an isolated logical network node under the control of its serving cell.
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Figure 2-1: eNB type RSU scenario 2-1
· Scenario 2-2: Vehicle UEs communicating each other are under the coverage of different eNB type RSUs, and the different eNB type RSUs can belong to a same operator or different operators which share the same spectrum. As shown in figure 2-2, for example, UE1 and UE2 belong to operator 1; UE3, UE4 and UE 5 belong to operator 2, and operator 1 and operator 2 share the same spectrum. 
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Figure 2-2: eNB type RSU scenario 2-2
· Scenario 2-3: Vehicle UEs communicating each other are under the coverage of different eNB type RSUs, and the different eNB type RSUs belong to different operators which have independent spectrum respectively. As shown in figure 2-3, UE1 and UE2 belong to operator 1; UE3, UE4 and UE 5 belong to operator 2, and operator 1 and operator 2 have independent spectrum respectively.
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Figure 2-3: eNB type RSU scenario 2-3
To support scenario 2, eNB type RSU would terminate the Uu radio interface toward vehicle UEs and S1/X2 interfaces toward the rest of the network. To support scenario 2-2 and 2-3, eNB type RSU need to support some level of inter-operator coordination.
2.2 UE type RSU

· Scenario 1: In case of out of coverage scenario, for PC5-based V2V, the UE type RSU out of the coverage of the eNB.

The UE type RSU should be able to receive the V2X message from a vehicle and then transmit the corresponding V2X message to other vehicles in PC5 link. As shown in figure 3, the UE type RSU should have some level of routing function. It can perform resource allocation for vehicle UEs under its coverage. Furthermore, UE type RSU should send synchronization signal periodically for the vehicle UEs under its coverage. 
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Figure 3: UE Type RSU scenario 1
· Scenario 2: in case of in coverage scenario, for Uu-based V2V, the UE Type RSU should act as a UE-to-Network D2D relay.
As shown in figure 4-1, the UE type RSU should able to receive the V2X message from a vehicle in PC5 link and transmits it to eNB in uplink. The eNB receives the V2X message from the UE type RSU in uplink and then transmits it to multiple UEs at a local area in downlink. 
As shown in figure 4-2, eNB receives the V2X message from a vehicle in uplink and transmits it to UE type RSU in downlink. Then the UE type RSU relays the V2X message to multiple UEs at local area in PC5 link. 
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UE Type RSU scenario 2

· Scenario 3: in case of in coverage scenario, for V2I/V2N, the UE type RSU should act as a UE-to-Network D2D relay.
As shown in figure 5-1, the UE type RSU should be able to receive the V2X message from the eNB in downlink and broadcast the V2X message to multiple UEs in PC5 link.

As shown in figure 5-2, the UE type RSU should be able to receive the V2X message from a vehicle in PC5 link and transmit it to eNB in uplink. In this case eNB is the end point of V2I service. 
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UE Type RSU scenario 3

3 RSU enhancement
3.1 eNB type RSU enhancement
For scenario 1, vehicle UEs communicate with RSU is the same to communicate with eNB. So no additional optimization or enhancement is needed.
However, for scenario 2, especially for scenario 2-2 and 2-3, new negotiation mechanism between eNB type RSU operated by operator 1 and eNB type RSU operated by operator 2 should be introduced. This requires higher layer solutions. Furthermore, the end to end latency of Uu-based V2V may not meet SA1 requirement as the transmission go through several entities. Thus, UL transmission scheme for Uu-based V2V should be enhanced to reduce latency and the detail analysis is shown in other document [3].
Proposal 1: From the point of view of the physical layer, enhancement is needed for eNB type RSU to reduce end to end latency between vehicle UEs.
3.2 UE type RSU enhancement
The first issue is whether the identification of UE type RSU is need. It is about that A vehicle UE knows that it is not communicating with an ordinary vehicle UE but a UE type RSU. For scenario 1, UE type RSU may have some level of routing function which is similar to a simplified eNB. This means that UE type RSU is different from the normal vehicle UEs. Vehicle UEs will try to synchronize with UE type RSU than other vehicle UEs and receive the schedule of the UE type RSU. In this circumstance, it is necessary to differentiate UE type RSU with normal vehicle UEs.

For scenario 2 and 3, UE type RSU acts as a UE-to-network relay. In R12/R13 D2D, UE-to-network relay is transparent to D2D UEs. In this circumstance, there is no need to differentiate UE type RSU with normal vehicle UEs.
Proposal 2: The identification of UE type RSU should be supported based on the use case of UE type RSU.
For scenario 1, UE type RSU should have some level of routing function which is similar to a simplified eNB. However, communication between vehicle UEs and UE type RSU is based on PC5 link. Considering the half duplex problem, the receiving subframe and the transmitting subframe for UE type RSU should be separated. 
Proposal 3: The receiving subframe and the transmitting subframe should be separated for UE type RSU.
For scenario 2 and 3, UE type RSU communicate with vehicle UEs through PC5 link and communicate with network through Uu link. In this case UE type RSU is very similar as UE-to-network relay, so the same schemes of the UE-to-Network D2D relay UE can be reused. However the difference is that UE type RSU should support the out-band PC5 link, which is in different spectrum to Uu link.
Proposal 4: UE type RSU should support operation PC5 link in different spectrum than that for Uu link.
4 Conclusions
In this contribution, our views on scenarios and requirements of RSU are given. Enhancements are discussed to meet those requirements. We propose to take the following points for RSU enhancement: 

Proposal 1: From the point of view of the physical layer, enhancement is needed for eNB type RSU to reduce end to end latency between vehicle UEs.
Proposal 2: The identification of UE type RSU should be supported based on the use case of UE type RSU.
Proposal 3: The receiving subframe and the transmitting subframe should be separated for UE type RSU.
Proposal 4: UE type RSU should support operation PC5 link in different spectrum than that for Uu link.
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