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Introduction
During RAN2#91bis, the SI “Feasibility study on LTE-based V2X services” was discussed and three V2V scenarios are identified for the feasibility study [1]. According to [2], one of the objectives with RAN2 involvement is to “Identify and evaluate enhancements required to support each of eNB type and UE type RSU”. RAN1 had initiated discussion on evaluation methodology for V2I. They sent LS to RAN2 and asked RAN2 to provide information on scenarios agreed for feasibility study of RSU [3]. In this contribution, we first discuss the potential V2I scenarios with RSU deployment. And then, we investigate the key issues and enhancements required to support eNB type and UE type RSU. 
Discussion 
Requirements and Scenarios
According to TR 22.885 [4], RSU could be implemented in an eNodeB or a stationary UE. It is an entity supporting V2I Service that can transmit to, and receive from a UE using V2I application. However, the RSU is not limited to the V2I operation. As stated in [4], the exchange of V2V related application information between vehicle UEs may be via infrastructure supporting V2X service, such as RSU. Moreover, the RSU used to forward the V2N traffic between UE and serving entity is introduced in [4]. In order to form a comprehensive understanding of the RSU, it is necessary to investigate the uses cases with RSU involvement first. 
Observation 1: In addition to the V2I operation, the RSU is used for V2V and V2N operation as well. 
In TR 22.885 [4], there are 9 typical use cases with RSU involvement. We analyze these 9 typical use cases and summarize the impact on RAN for eNB type RSU and UE type RSU respectively as illustrated in Table 1.
Table 1 Use case analysis for eNB type RSU and UE type RSU
	Use cases
	Description
	RAN impacts for eNB type RSU 
	RAN impacts for UE type RSU

	1) V2I Emergency Stop Use Case
	RSU receives DENM message from a vehicle UE and relays the message to its surrounding vehicles. 
	1) Vehicle UE sends V2I message to the eNB type RSU via Uu transmission. The eNB needs to identify and terminate V2I messages received from UEs.
2) The eNB type RSU broadcasts V2I message to vehicle UEs in proximity.
	1) UE type RSU needs to identify and terminate V2I messages received from UEs.
2) one to many PC5 communication between UE type RSU and vehicle UEs.

	2）Queue Warning
	The vehicle UE which is in the end of the queue periodically informs the RSU about the queue info. The RSU broadcasts a message to vehicles in proximity about the queue info based on the info received from the vehicle UE in the end of the queue. 
	1) Vehicle UE sends V2I messages to the eNB type RSU via Uu transmission. The eNB needs to identify and terminate V2I messages received from UEs.
2) The eNB type RSU broadcasts V2I message to vehicle UEs in proximity.
	1) UE type RSU needs to identify and terminate V2I messages received from UEs.
2) One to one and one to many PC5 communication between UE type RSU and vehicle UE.

	3）Road safety services
	Vehicle UE determines a cell supports active road safety service and then transmits V2I message to the eNB type RSU. The eNB type RSU distributes V2I message at the cell. 
	1）eNB type RSU needs to indicate that it supports active road safety service to vehicle UEs.
2) Vehicle UE sends V2I messages to the eNB via Uu transmission. The eNB needs to identify and terminate V2I messages received from UEs.
3) The eNB type RSU broadcasts V2I message to vehicle UEs in proximity.
	N/A

	4）Automated Parking System
	RSU performs one to one communication with vehicle UE, such as mutual authentication, informing of parking space number, guide the vehicle toward it using a high-resolution map.
	1) eNB type RSU performs one to one communication with vehicle UE both in UL and DL. The eNB needs to identify and terminate V2I messages received from UEs.
	1) UE type RSU needs to identify and terminate V2I messages received from UEs.
2) One to one PC5 communication between UE type RSU and vehicle UE.

	5）V2X Road safety service via infrastructure
	RSU communicates with traffic safety server and delivers V2X messages to traffic safety server and/or UEs supporting V2X Service and/or to other RSUs. 
RSU should be able to dynamically control the area where V2X messages are distributed and transmitted.
	1) eNB type RSU needs to communicate with traffic safety server.
2) eNB type RSU should be able to deliver V2X messages to UEs supporting V2X Service and/or to other RSUs.
	1) One to one and one to many PC5 communication between UE type RSU and vehicle UE/ UE type RSU.

	6）Curve Speed Warning
	An RSU periodically broadcasts a message including curve location, curve speed limits, curvature, bank and road surface condition.
	1) The V2I service layer of the eNB type RSU generates V2I messages and broadcast them to vehicle UEs in proximity.
	1) One to many PC5 communication between UE type RSU and vehicle UE.

	7) V2X by UE-type RSU
	UE type RSU broadcast traffic signal information using the eNB allocated radio resources.
	N/A
	1) One to many PC5 communication between UE type RSU and vehicle UE.
2) eNB allocate radio resource used by UE type RSU.

	8) Mixed use traffic management
	Depending on traffic density and weather conditions, RSU provide direction to nearby UEs regarding V2X message transmission rates and coverage area to prevent accidents.
	1) The V2X service layer of the eNB type RSU generates V2X messages and broadcast them to vehicle UEs in proximity.
	1) One to many PC5 communication between UE type RSU and vehicle UE.

	9) Remote diagnosis and just in time repair notification
	RSU supports the collection and transmission of data from the vehicle UE to the repair centre.
	1) The eNB type RSU collects the data from vehicle UE and forwards it to repair center (Application server).
	1) RSU act as UE-to-Network relay which forwards the data from vehicle UE to repair center.


Based on the above requirement analysis, we may divide the 9 typical use cases into three typical scenarios for RSU operation as shown in Figure 1. RAN2 is recommended to consider these three scenarios for the feasibility study of RSU. The detailed description is as follows:


Figure 1 Scenarios for RSU operation
· Scenario a (PC5 based UE type RSU): UE transmits V2X messages to UE type RSU based on PC5. Upon receiving the V2X message, it is delivered to the V2I/V2V application layer in UE type RSU. On the other hand, V2I/V2V application layer in the UE type RSU may determine whether to distribute it to nearby UEs based on the contents or type of the V2X message. The UE type RSU may also generate new V2X messages and deliver it to lower layer for PC5 transmission. The communication between UE and UE type RSU may be one to one or one to many communications.
· Scenario b (Relay based UE type RSU): The V2N application layer in UE may initiate the V2N message transmission to the network via the UE type RSU. UE type RSU may directly forward the V2N message to the network through IP routing. In this case, the UE type RSU works as the UE-to-Network Relay (IP relay) specified in R13. Alternatively, the UE type RSU may receive the V2X message from traffic safety server. V2I application layer in UE type RSU decides that this info should be broadcasted in local area and deliver it to nearby UEs through PC5 communication. In this case, the V2X message is relayed in application layer (APP relay).
· Scenario c (Uu based eNB type RSU): UE may transmit V2X message to eNB type RSU based on Uu. Upon receiving the V2X message, it is delivered to the V2I/V2V application layer in eNB type RSU. On the other hand, the V2I/V2V application layer in the eNB type RSU may decide to deliver the V2X messages to the traffic safety server. In addition, the V2I/V2V application layer in the eNB type RSU may deliver the V2X messages to UEs through Uu downlink transmission. 
Proposal 1: RAN2 is recommended to consider three proposed scenarios for the feasibility study of RSU.
Design considerations for RSU
According to the use cases analysis in Table 1, the RAN impact for RSU operation could be categorized as follows:
· RSU architecture 
· Local breakout of eNB type RSU
· RSU identification and selection
· Inter-RSU communication
· Enhancement for PC5 communication between UE type RSU and UE
Among the five listed issues, the enhancement for PC5 communication between UE type RSU and UE is mainly addressed by RAN1. All the other issues belong to the study scope of RAN2. In this section, we will analyze these issues one by one.
Proposal 2: RAN2 is suggested to identify and evaluate the following issues for the support of RSU: RSU architecture, local breakout of eNB type RSU, RSU identification and selection and inter-RSU communication.
RSU Architecture
It is generally regarded that RSU is implemented in an eNB or a stationary UE. However, it is not clear about the detailed RSU architecture. Based on the recent progress in SA2#113 [5], RSU is viewed as a V2X application receiving V2X messages via SGi or PC5 interface. In this way, RSU could be implemented through UE/eNB installed with V2X application layer. For the cases where the RSU acts as UE-to-Network Relay, it may be implemented through Relay UE installed with V2X application layer. Nevertheless, this RSU could reuse the legacy interfaces as much as possible. 
Observation 2: It is agreed in SA2 that the RSU is viewed as a V2X application receiving V2X messages via SG or PC5 interface. Hence, RSU could be implemented through UE/eNB installed with V2X application layer. 
RSU can receive V2X info from UEs supporting V2X applications. Also the RSU may send application layer V2X information to UEs. Figure 2 presents the corresponding user plane data path between UE and RSU. For the UE type RSU, the vehicle UE sends to or receives from the UE type RSU through PC5 interface as shown in Figure 2(a). For the eNB type RSU, the vehicle UE sends V2X message to the eNB type RSU via one to one Uu transmission as shown in Figure 2(b). Upon receiving this V2X message, the eNB type RSU delivers it to the SGW through S1-U. Then SGW delivers this V2X message to PGW through S5 interface. Finally, the PGW delivers this V2X message to the V2X application layer in eNB type RSU through SGi interface. Similarly, if the eNB type RSU wants to send V2X message to UE through unicast transmission, the data path is from V2X application layer in eNB type RSU -> PGW -> SGW -> eNB -> UE. As we can see, the data path between UE and eNB type RSU is unnecessarily long.


Figure 2 user plane data path between UE and RSU
In addition, RSU should be able to deliver V2X messages to a traffic safety server. The UE type RSU may communicate with the traffic safety server through the user plane traffic delivery of EPS bearer. For the communication between eNB type RSU and traffic safety server, the V2X application layer in the eNB type RSU could communicate with the traffic safety server via IP connection. The interface between the eNB type RSU and the traffic safety server is out of 3GPP scope.
Local breakout of eNB type RSU
As we discussed in Section 2.2.1, vehicle UE may send V2X message to the eNB type RSU via one to one Uu transmission. Upon receiving the V2X message, it is expected that the eNB may differentiate this V2X message and deliver it directly to the RSU application layer in eNB type RSU. However, as mentioned in Section 2.2.1, the data path of V2X message is not as efficient as we expected. On the other hand, the latency requirement for V2V/V2I/V2P service is 100ms in most cases [1]. RAN2 has initiated the latency evaluation of the V2V scenario 2 and 3 from TR 36.885 [3]. The evaluation shows that the latency requirement cannot be satisfied in several cases. If that is also applicable for RSU relevant scenario, the local breakout of eNB type RSU should be considered in order to reduce the latency.
The local breakout of eNB type RSU means that the eNB shall be able to identify and terminate V2X messages received from UEs without delivering it to the core network. One possible way is to reuse the LIPA/SIPTO architecture. LIPA and SIPTO @LN are supported in LTE for local breakout via L-GW (local GateWay) collocated in the (H)eNB. LIPA/SIPTO@LN traffic transmitted from UE to (H)eNB could be routed to inter/intra PDN network directed by the L-GW collocated in the (H)eNB and does not need to be delivered to the SGW/PGW in the core network. For the vehicle UE, it may establish LIPA/SIPTO @LN bearer for V2X data transmission. Upon receiving the V2X messages from vehicle UE, the eNB determines that the data packets received from the V2X LIPA/SIPTO bearer is for V2X use and then deliver them to the V2X application layer. 
On the other hand, the eNB type RSU should be able to broadcast V2X messages to nearby UEs. The existing MBSFN/SC-PTM architecture can be reused for the V2X message broadcast. However, two issues need to be solved. First one is how to flexibly adjust the area where V2X messages are distributed. Some V2X message should be broadcast within a given area which may involve multiple eNB type RSUs. Compared with the MBSFN/SC-PTM, V2X message broadcast requires more dynamic distribution area. How to determine the broadcast area and establish the MRB fit to the V2X broadcast area should be studied. A detailed discussion addressing this issue is presented in [6]. 
Another issue is how to reduce the latency of the DL broadcast V2X message delivery. Suppose the V2X application layer in eNB type RSU receives the V2X message, it decides to broadcast it this message through eMBMS. Then the V2X message may go through the data path of V2X application layer in eNB -> V2X server->BM-SC-> MBMS GW-> eNB, which may lead to long transmission latency. In order to reduce the latency, potential enhancements need to be considered. Figure 3 shows a localized MBSFN/SC-PTM scheme for downlink eMBMS transmission latency reduction. As we can see, the LGW/BMSC/MBMS GW/V2X server are collocated in the eNB. In this way, both the uplink and downlink transmission of V2X message could be confined in the eNB without going through the core network. 
Proposal 3: If the latency requirement of the RSU operation cannot be satisfied, it is recommended to consider local breakout of Uu based V2X architecture using the SIPTO@LN for uplink transmission and localized eMBMS for downlink transmission. 


Figure 3 local breakout scheme for eNB type RSU with V2X message broadcast
RSU identification and selection
According to TR 22.885 [4], the UE that supports V2I Service shall be able to recognize whether a cell supports message transfer as needed for V2I Services. For example, in the road safety service use case, the vehicle UE should determine a cell supports road safety service and then transmit V2I message to the eNB type RSU. From the perspective of eNB, if the eNB supports V2I service/RSU, it should be able to indicate this capability to the surrounding UEs. One possible way is the eNB indicates whether it supports V2I service/RSU in the system information. Additionally, the eNB could indicate supported V2I service type in the system information. Based on this information, the UE may identify and select appropriate eNB type RSU to access and then utilize the V2I services provided by the eNB type RSU.
Similarly, it is also necessary for the UE type RSU to broadcast its supported V2I service or RSU capability. For the UE type RSU purely acts as the UE-to-Network Relay (IP relay), the relay discovery mechanism specified in R13 could be reused. For the UE type RSU that supports V2I services, RSU discovery mechanism similar to the relay discovery may be designed. For example, the UE type RSU may broadcast RSU announcement message, which includes RSU indication and its supported V2I service types. Vehicle UE may select the suitable RSU based on RSU announcement from UE type RSUs.
Proposal 4: For the RSU identification and selection, the eNB type RSU may broadcast its support of V2I service/RSU in the SIB message whereas the UE type RSU may design RSU discovery similar to the relay discovery mechanism specified in R13. 
Inter-RSU communication
As required in V2X Road safety service via infrastructure use case, an RSU shall be able to deliver V2X messages to other RSUs when requested by the V2X service layer. For the eNB type RSU, it involves the V2X message exchange between eNBs. In order to facilitate the inter-eNB V2X message communication, X2 interface enhancement is needed to exchange RSU related configuration information. In our understanding, the eNB could deliver the RSU configuration, such as RSU indication, location information and supported V2X services with neighboring eNBs through the X2 interface. Upon receiving the V2X messages from UEs, the V2X application layer in eNB type RSU determines whether to deliver V2X message to neighbor eNB type RSUs based on the RSU configuration of neighboring eNB. 
When it comes to the UE type RSU, the inter-RSU communication could be realized through the PC5 communication between UEs. For example, the UE type RSU may directly broadcast the V2X message. Upon receiving the V2X message, the V2X application layer of nearby UE type RSU determine if it shall broadcast this message or not. In this case, no extra specification effort in RAN2 is needed. 
Proposal 5: Enhancements for X2 interface should be considered to support the inter-RSU communication for eNB type RSUs.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Conclusion
In this paper, we firstly analyzed the requirements for RSU deployed V2I scenarios. And then, we investigated the key issues and enhancements required to support eNB type and UE type RSU. And we have the following observations and proposals:
Observation 1: In addition to the V2I operation, the RSU is used for V2V and V2N operation as well. 
Proposal 1: RAN2 is recommended to consider three proposed scenarios for the feasibility study of RSU.
Proposal 2: RAN2 is suggested to identify and evaluate the following issues for the support of RSU: RSU architecture, local breakout of eNB type RSU, RSU identification and selection and inter-RSU communication.
Observation 2: It is agreed in SA2 that the RSU is viewed as a V2X application receiving V2X messages via SG or PC5 interface. Hence, RSU could be implemented through UE/eNB installed with V2X application layer. 
Proposal 3: If the latency requirement of the RSU operation cannot be satisfied, it is recommended to consider local breakout of Uu based V2X architecture using the SIPTO@LN for uplink transmission and localized eMBMS for downlink transmission. 
Proposal 4: For the RSU identification and selection, the eNB type RSU may broadcast its support of V2I service/RSU in the SIB message whereas the UE type RSU may design RSU discovery similar to the relay discovery mechanism specified in R13. 
Proposal 5: Enhancements for X2 interface should be considered to support the inter-RSU communication for eNB type RSUs.
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