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1. Introduction
In 3GPP RAN #66 meeting, the study item on LTE-based V2X services was approved [1]. According to the SID, the study should identify and evaluate enhancements required to support each of eNB type and UE type RSU [RAN1, RAN2, RAN3] for V2I/N service. 
This contribution will discuss V2I deployment scenario to define the evaluation methodology for LTE-based V2I/N services.
2. Overview of V2I/N operating scenarios
According to latest revised TR22.885 [2], Road Side Unit (RSU) is implemented in an eNodeB or a stationary UE. V2I Service is defined as a type of V2X Service, where one party is a UE and the other party is an RSU both using V2I application. V2N Service is defined as a type of V2X Service, where one party is a UE and the other party is a serving entity, both supporting V2N applications and communicating with each other via LTE network entities (Note: Definition of V2N Service may need to be further discussed).
Two possible V2I operating scenarios are shown in figure 1. In these scenarios, RSUs are deployed on road side infrastructures, such as traffic light and road light. RSU could be either an eNodeB or a stationary UE. 
If RSU is an eNodeB, as shown in figure 1(a), RSUs could detect vehicle information via Uu interface on V2X dedicated carrier, and forward the information to other RSU(s) via X2 interface. Fiber or wireless backhaul should be considered when deploy eNodeB-type RSUs. Besides, Uu and PC5 coexistence should be considered if V2I and V2V share one carrier. 
If RSU is a stationary UE, as shown in figure 1(b), RSUs could detect vehicle information via PC5 interface on V2X dedicated carrier, and forward the information to other RSU(s) via PC5 interface on V2X dedicated carrier. Considering direct communication among RSUs could not be available anytime anywhere, RSU should also communicate with each other via LTE network eNodeB(s). In future V2I operation scenario, RSU could forward non-emergency information (e.g. traffic flow information, traffic light information) to nearby RSU or remote RSU via LTE network, and forward emergency information (e.g. accident information, pre-crash warning) to nearby RSU via PC5 if direct communication is available. UE-type RSU could connect LTE network via Uu interface on licensed spectrum, so there is no need to consider backhaul when deployment. Besides, it is easy to share one carrier by V2I and V2V since both of them use PC5 interface. However, the impact on V2V performance should also be studied.
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Figure 1 V2I operating scenario
One typical V2N operating scenario is shown in figure 2. In this scenario, virtual RSUs are implemented in eNodeB. This scenario could be used for the cases that vehicles pass intersections without traffic lights, for example, virtual RSUs could provide virtual traffic lights service [3]. eNodeB could deliver information, such as virtual traffic light status, to vehicles via Uu interface on licensed spectrum,  so that vehicles could pass the intersection safely and rapidly .
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Figure 2 V2N operating scenario
3. RSU deployment assumptions
The following assumptions are for the macro eNBs in the cell layout agreed in [4]
· Wraparound for urban: Figure a in [4] if Macro-eNB is deployed.

· Wraparound for freeway: If Macro-eNB is deployed,

· option 1 (baseline): eNBs are located along the freeway 35m away with 1732m ISD in Figure b in [4]
· option 2 (optional): Wraparound method of 19*3 hexagonal cells with 500m ISD in Figure c in [4]
V2I
For V2I scenario, practical RSUs are typically deployed on road side infrastructures. We should note that practical RSU could be either eNB-type or UE-type.
For urban scenario, we assume that RSUs are deployed on traffic light and road light. 4 RSUs should be deployed around an intersection to serve vehicles from 4 directions. For V2X road safety service via infrastructure and traffic flow optimization, inter-RSU distance should be less than 2 times V2X effective range to make sure that each vehicle could be sensed or served by at least one RSU.  Considering the V2X effective range in urban intersection is 50m [2], and the typical distance between two neighboring road lights is 30m, it makes sense that inter-RSU distance should be around 60m. An example of RSU deployment assumption for a block in urban is shown in figure 3.
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Figure 3 RSU deployment assumption for a block in urban
For freeway scenario, RSU should be deployed along the road. Considering the V2X effective range in freeway is 320m [2], we suggest that inter-RSU distance could be 577m (one third of 1732m) for option 1. For option 2, inter-RSU distance should also consider V2X effective range, so we suggest that inter-RSU distance could be 600m (20 times inter road light distance). 
V2N
For V2N scenario, virtual RSUs are typically implemented in macro eNodeB. 

Proposal:
· For urban, practical RSUs are deployed as shown in figure 3

· For freeway, practical RSU should be deployed along the road, inter-RSU distance could be 577m for option 1 and 600m for option 2

· Virtual RSUs could be deployed in macro eNodeB.

4. Conclusion
LTE-based V2I/N operating scenarios are discussed in this document, and we propose the following RSU deployment assumptions.
Proposal:
· For urban, practical RSUs are deployed as shown in figure 3

· For freeway, practical RSU should be deployed along the road, inter-RSU distance could be 577m for option 1 and 600m for option 2

· Virtual RSUs could be deployed in macro eNodeB.
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