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Introduction
During RAN#68, a new SI “Feasibility Study on LTE-based V2X Services” [1] was approved. According to [1], the objectives of this study are to evaluate new functionalities needed to operate LTE-based V2X (V2V, V2I/N, and V2P), and to investigate potential enhancements for vehicular services defined in TR 22.885 [2]. 
One of the objectives which involves RAN2 is to “Identify and evaluate enhancements required to support each of eNB type and UE type RSU”. In this contribution, we first analyze the requirements for V2I scenarios with RSU deployment. And then, we investigate the key issues and enhancements required to support eNB type and UE type RSU. 
Discussion 
Scenarios and requirements
According to SA1 TR 22.885 [2], the definitions for RSU (Road Side Unit) and V2I Service are copied as below.
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 eNodeB or a stationary UE. 
V2I Service: a type of V2X Service, where one party is a UE and the other party is an RSU both using V2I application.
In TR 22.885 [2], there are 6 typical use cases identified which involve V2I service. We analyze these 6 typical use cases and summarize the impact on RAN2 for eNB type RSU and UE type RSU respectively as illustrated in Table 1.
Table 1. Scenarios and requirements for eNB type RSU and UE type RSU
	Use cases
	Description
	Impacts on RAN2 for eNB type RSU 
	Impacts on RAN2 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 DENM message to the eNB via one to one Uu transmission. The eNB needs to identify and terminate V2I messages received from UEs.
2) The eNB broadcasts V2I message to vehicle UEs in proximity.
	1) UE type RSU need to identify and terminate V2I messages received from UEs.
2) One to one and one to many PC5 communication between vehicle UE and UE type RSU: already supported in R13 D2D. And RAN1 is responsible for the PC5 enhancement.

	2）Queue Warning
	The vehicle UE which is in the end of the queue periodically informs the RSU about the queue information. The RSU broadcasts a message to vehicles in proximity about the queue information based on the information received from the vehicle UE in the end of the queue. 
	1）Vehicle UE sends V2I messages to the eNB via one to one Uu transmission. The eNB needs to identify and terminate V2I messages received from UEs.
2）The V2X service layer of the eNB generates new V2X messages and broadcast them to vehicle UEs in proximity.
	1) UE type RSU need to identify and terminate V2I messages received from UEs.
2) One to one and one to many PC5 communication between vehicle UE and UE type RSU: already supported in R13 D2D. And RAN1 is responsible for the PC5 enhancement.

	3）Road safety services
	Vehicle UE determines a cell supports active road safety service and then transmits V2I message to the eNB. The eNB 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 one to one Uu transmission. The eNB needs to identify and terminate V2I messages received from UEs.
3) The V2X service layer of the eNB generates new V2X messages and broadcast them to vehicle UEs in proximity.
	N/A

	4）Automated Parking System
	RSU needs to perform one to one communication with vehicle UE, including mutual authentication, informing of parking space number，guide the vehicle toward it using a high-resolution map。 
	1) eNB type RSU needs to perform one to one communication with vehicle UE. The eNB needs to identify and terminate V2I messages received from UEs.
	1) UE type RSU need to identify and terminate V2I messages received from UEs.
2) One to one and one to many PC5 communication between vehicle UE and UE type RSU: already supported in R13 D2D. And RAN1 is responsible for the PC5 enhancement.

	5）V2X Road safety service via infrastructure
	RSU needs to communicate with traffic safety server and be able to deliver V2X messages to a 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 depending on the type and contents of the V2X messages.
	1) eNB type RSU needs to communicate with traffic safety server;
2) eNB should be able to deliver V2X messages to UEs supporting V2X Service and/or to other RSUs.
	1) No impact on RAN2 (One to one and one to many PC5 communication between vehicle UE/ UE type RSU and UE type RSU: already supported in R13 D2D. And RAN1 is responsible for the PC5 enhancement.)


	6）Curve Speed Warning
	An RSU periodically broadcasts a message including curve location, curve speed limits, curvature, bank and road surface condition, which may be about one or more curves.
	1) The V2X service layer of the eNB type RSU generates new V2X messages and broadcast them to vehicle UEs in proximity.
	1) No impact on RAN2 (One to many PC5 communication between vehicle UE and UE type RSU are already supported in R12 D2D.)



Observation 1: According to the requirements from TR 22.885, the following enhancements for eNB type RSU need further investigation:
1) How could the eNB type RSU identify V2I data packets received from a vehicle UE?
2) Design V2I message broadcast mechanism for eNB type RSU
3) How could the eNB type RSU communicate with V2X application server (traffic safety server)?
4) How could the RSU communicate with other RSUs?
5) How could the eNB indicate that it supports V2I service?
Observation 2: According to the requirements from TR 22.885, the following enhancements for UE type RSU need further investigation:
1) How could the UE type RSU identify V2I data packets received from a vehicle UE?
2) How could the UE indicate that it supports V2I service and could act as RSU? 
Design considerations for RSU
According to the requirements in TR 22.885, RSU is an entity supporting V2I Service that can transmit to and receive from a UE using V2I application. In other words, an eNB type RSU or UE type RSU should support V2X service layer in order to provide V2I service. After the RSU receives the V2I messages from the UE, the RSU shall identify and terminate these packets, and then deliver it to the V2X service layer. The V2X service layer of the RSU may determine whether to distribute it to UEs in its coverage based on the contents of the V2I message. 
When it comes to the eNB type RSU, the V2I packets sent from vehicle UE to the eNB should be terminated in the eNB and delivered to the V2X service layer instead of the core network, which is different from the WAN traffic, as illustrated in Figure 1. 


Figure 1. eNB as RSU

On the other hand, for the UE type RSU, similarly, the V2I packets sent from the vehicle UE to the UE type RSU should be terminated in the UE and delivered to the V2X service layer. Since the received V2I packets don't need to be relayed to the core network, the UE type RSU doesn’t need to implement UE-to-network relay functionality. Moreover, the UE type RSU terminates the received V2I data and processes it locally, it also doesn’t need to implement UE-to-UE relay functionality. As a result, the requirement in the objective in the SID [1] that “RAN2 will not study solutions for UE-to-UE relaying based on a new architecture for UE-type RSU” could be satisfied. The architecture of a UE acting as RSU is illustrated in figure 2 in the below.


Figure 2. UE as RSU 

Observation 3: UE type RSU doesn’t need to act as an UE-to-Network Relay or UE-to-UE Relay.
On the other hand, whether IP header is included in the V2I packets sent from UE to the RSU needs further discussion. The IP header is contained in the data packets transmitted via Uu or PC5 interface. However the V2X transmission is always one-hop and no routing is needed. In our view, IP header in the V2I packets sent from a vehicle UE to the eNB type RSU or UE type RSU is unnecessary since both the eNB type RSU or UE type RSU shall terminate the V2I packets received from the UE. Moreover, it is more resource efficient if the IP header is not included. Nevertheless, SA2 may also need to be involved to discuss whether the IP header shall be still included in the V2I packets. 
Observation 4: It should be discussed in RAN2 whether the IP header is needed in the V2I packets sent from a vehicle UE to the eNB type RSU or UE type RSU. 
The user-plane protocol stack between the UE and the eNB type RSU or UE type RSU is depicted in figure 3. As illustrated in figure 3, the V2X service layer is added above PHY/MAC/RLC/PDCP (and IP, UDP/TCP) layer. 


Figure 3: User-plane protocol stack between UE and eNB/UE type RSU
Issues for eNB type RSU
We listed five key issues which need to be investigated for eNB type RSU, as follows. 
Issue1: How could the eNB type RSU identify V2I data packets received from a vehicle UE?
Assuming that the IP header is not included in the V2I packets sent from a vehicle UE to the eNB, there are three potential options to solve this issue. 
Option 1) Vehicle radio bearer (VRB) is established between the vehicle UE and the eNB; this V2I dedicated bearer consists of radio bearer part only and no corresponding S1-bearer and S5-bearer. And then the eNB could identify V2I traffic by the LCID of the radio bearer from the received data packets from the UEs. 
Option 2) the vehicle UE could indicate the data type (e.g. V2I service) via PDU type field in the PDCP header of the data packet it sends to the eNB. Since only PDCP control PDU contains PDU type field according to the existing specification, V2I specific format of user plane PDCP data PDU should be introduced using this option. 
Option 3) V2I data are transmitted from the vehicle UE to the eNB via control plane in the Uu interface, i.e. via RRC signalling. In this option, a new RRC message type should be introduced for V2I data transmission. 
On the other hand, if the IP header is included in the V2I packets, the following options could be considered to solve issue 1:
Option 4) the eNB identifies the V2I data according to the destination IP address in the received data packet. More specifically, the destination IP address could be the IP address of the eNB or a pre-defined IP address for V2I service (e.g. broadcast or groupcast IP address). Moreover, if the IP address of the eNB is included in the destination IP address field, it should be investigated how the UE obtains the eNB’s IP address. 
Additionally, LIPA/SIPTO architecture could be reused to solve the issue. LIPA and SIPTO @LN are already 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.
Option 5) specific LIPA/SIPTO @LN bearer is established for V2I data transmission via L-GW collocated in the (H)eNB, which is illustrated in figure 4.


Figure 4. illustration of the LIPA/SIPTO@LN option for V2I data transmission
More specifically, the UE could include special APN for V2I in the PDN connection request NAS message to indicate the type of the requested PDN connection. And then the MME could determine that the LIPA/SIPTO PDN connection is for V2I use according to the requested APN. According to the existing specification, the MME shall perform LIPA/SIPTO access control for the UE based on the UE’s subscription data, i.e. authorize whether the UE is allowed to access the requested LIPA/SIPTO service. Assuming LIPA/SIPTO is used for V2I service, the MME shall perform V2X related authorization instead. Once the MME determines that the UE is allowed to access the V2I service using requested LIPA/SIPTO PDN connection, the MME could indicate it to the eNB in the E-RAB setup procedure. In this way the eNB could determine that the data packets received from the V2I specific LIPA/SIPTO bearer is for V2I use and terminate these packets and deliver them to the V2X service layer. 
Proposal 1: Discuss the following five candidate solutions for the eNB type RSU to identify V2I data packets received from a vehicle UE:
Option 1) Vehicle radio bearer is established between vehicle UE and the eNB, which consists of a radio bearer part only. 
Option 2) the vehicle UE could indicate the data type (e.g. V2I service) via PDU type field in the PDCP header of the data packet it sends to the eNB.
Option 3) V2I data are transmitted from the vehicle UE to the eNB via control plane in the Uu interface, i.e. via RRC signalling. 
Option 4) the eNB identifies the V2I data according to the destination IP address in the received data packet. 
Option 5) specific LIPA/SIPTO@LN bearer is established for V2I data transmission via L-GW collocated in the (H)eNB.
Issue 2: Design V2I message broadcast mechanism for eNB type RSU. 
The eNB should be able to broadcast V2I messages to the UEs in coverage. As analyzed in [3], Uu transport should be utilized to support the broadcast of V2I messages to the UEs in its cells according to the V2X SID [1]. In [3] we analyzed the feasibility and impact/required enhancements of four candidate solutions, including using SI broadcast, eMBMS, SC-PTM, Unicast. 
Issue 3: How could the eNB type RSU communication with V2X application server (traffic safety server) 
In the V2X Road safety service via infrastructure use case, the eNB type RSU should be able to communication with traffic safety server. In our view, there is a V2X service application client in the eNB type RSU, and the client could communicate with the traffic safety server (i.e. V2X application server) via IP connection as illustrated in figure 5. The interface between the eNB type RSU and the traffic safety server is out of 3GPP scope.


Figure 5. the interaction between eNB type RSU and V2X application server
Issue 4: How could the RSU communicate with other RSUs?
As analyzed above, in V2X Road safety service via infrastructure use case, the RSU needs to deliver V2X messages to other RSUs and should be able to dynamically control the area where V2X messages are distributed and transmitted depending on the type and contents of the V2X messages. As a result, enhancements for X2 interface are needed to exchange RSU related configuration information and V2X messages. In our understanding, the eNB could exchange RSU indication, its location information and its interested APP/message type with neighbor eNBs. The eNB type RSU could determine whether to deliver V2I message to neighbor eNB type RSUs after receiving V2I messages from UEs. Upon receiving V2I messages from neighbor eNBs, it could determine whether to distribute the received V2I messages in its cells. 
Observation 5: Enhancements for X2 interface should be considered to support the communication between RSUs.
Issue 5: How could the eNB indicates that it supports V2I service?
If the eNB supports V2I service, it should be able to indicate to the surrounding UEs. In our view, the eNB could indicate whether it supports V2I service or not in the system information, similarly to D2D discovery/communication. Additionally, the eNB could also indicate supported V2I service type in the system information.
Proposal 2: The eNB shall indicate whether it supports V2I service in the system information.
Issues for UE type RSU
The following three issues are analyzed for a UE type RSU.
Issue 6: How could the UE type RSU identify V2I data packets received from a vehicle UE?
Assuming that the IP header is not included in the V2I packets sent from vehicle UE to the UE type RSU, the vehicle UE could indicate the data type (e.g. V2I service) via PDU type field in the PDCP header of the data packet it sends to the UE type RSU. Otherwise, the UE type RSU could determine that the V2I packets should be terminated according to the destination IP address of the received data packets.  
Proposal 3: If IP header is not included in the V2I packets send from vehicle UE to the UE type RSU, PDU type field in the PDCP header could be used to indicate that the packet is V2I type message. 
Issue 7: How could the UE indicate that it supports V2I service and could act as RSU? 
A similar mechanism as relay discovery mechanism could be defined to solve this issue as below:
1）UEs which act as RSU could broadcast RSU announcement message, which could include RSU indication and its supported RSU service type, etc. 
2）Vehicle UE which are searching RSU in the proximity send RSU solicitation message. And then UEs which can act as RSU could respond upon receiving the solicitation message. 
Proposal 4: A similar mechanism as relay discovery mechanism could be defined for the discovery of UE type RSU. 
[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: According to the requirements from TR 22.885, the following enhancements for eNB type RSU need further investigation:
1) How could the eNB type RSU identify V2I data packets received from a vehicle UE?
2) Design V2I message broadcast mechanism for eNB type RSU
3) How could the eNB type RSU communicate with V2X application server (traffic safety server)?
4) How could the RSU communicate with other RSUs?
5) How could the eNB indicate that it supports V2I service?
Observation 2: According to the requirements from TR 22.885, the following enhancements for UE type RSU need further investigation:
1) How could the UE type RSU identify V2I data packets received from a vehicle UE?
2) How could the UE indicate that it supports V2I service and could act as RSU? 
Observation 3: UE type RSU doesn’t need to act as an UE-to-Network Relay or UE-to-UE Relay.
Observation 4: It should be discussed in RAN2 whether the IP header is needed in the V2I packets sent from a vehicle UE to the eNB type RSU or UE type RSU. 
Proposal 1: Discuss the following five candidate solutions for the eNB type RSU to identify V2I data packets received from a vehicle UE:
Option 1) Vehicle radio bearer is established between vehicle UE and the eNB, which consists of a radio bearer part only. 
Option 2) the vehicle UE could indicate the data type (e.g. V2I service) via PDU type field in the PDCP header of the data packet it sends to the eNB.
Option 3) V2I data are transmitted from the vehicle UE to the eNB via control plane in the Uu interface, i.e. via RRC signalling. 
Option 4) the eNB identifies the V2I data according to the destination IP address in the received data packet. 
Option 5) specific LIPA/SIPTO@LN bearer is established for V2I data transmission via L-GW collocated in the (H)eNB.
Observation 5: Enhancements for X2 interface should be considered to support the communication between RSUs.
Proposal 2: The eNB shall indicate whether it supports V2I service in the system information.
Proposal 3: If IP header is not included in the V2I packets send from vehicle UE to the UE type RSU, PDU type field in the PDCP header could be used to indicate that the packet is V2I type message. 
Proposal 4: A similar mechanism as relay discovery mechanism could be defined for the discovery of UE type RSU. 
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