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1 Introduction
As the conclusion of the email approval [82-14] “eNB location and channel model assumptions for V2X,” the following agreements were made [1].

· Macro-eNB ISD: 500m for urban case, 500m and 1732m for freeway case

· Wraparound for urban: Figure a 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

· option 2 (optional): Wraparound method of 19*3 hexagonal cells with 500m ISD in Figure c

· If Macro-eNB is not deployed, simple wrap-around can be used as long as it is aligned with agreements in R1-154981.

· Other RSU deployments (both UE and eNB type) will be discussed separately.

· Continue discussion on channel model

· FFS on how to handle mobility and handover related issue

The purpose of defining the macro-eNB deployment was mainly to see the impact of the interactions between the eNB and the vehicles in the V2V communications. For the V2I/N communication, which is one of the main topics in the SI scope, the RSU deployments can be the critical issues for the simulation and they should be considered in parallel with the macro-eNB deployments.
In this contribution, we present our views on the RSU deployments. 
2 Working assumption of RSU
In V2I/N, high reliability and efficient communication are expected. In SA1, RSU was introduced as a new entity for V2I to support the improved connection in the roadside communications. In [2], the definition of RSU is described as follows: 

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.
Here, two types of RSU are assumed: eNodeB type RSU and UE type RSU. So far, however, there are no detailed descriptions as for the RSU implementation. 
Table 1 Possible assumption for RSU implementation.
	Aspects
	eNB type RSU
	UE type RSU

	Interface
	Uu for vehicles/Pedestrians
X2 for eNB (RSU is controlled by eNB)
	PC5 for vehicles/Pedestrians
Uu for eNB (RSU is controlled by eNB)

	Mobility
	N/A
	Stationary

	Resource control functionality
	Yes
	No  (RSU is controlled by eNB)
Yes (RSU is not controlled by eNB)

	Power control 
	Yes
	No  (RSU is controlled by eNB)

Yes (RSU is not controlled by eNB)

	Capacity
	High
	Low

	Cost
	High
	Low


Table 1 shows possible assumptions of a RSU implementation. Here, several aspects are compared between the eNB type RSU and UE type RSU.
It is considered that the eNB type RSU should support Uu for vehicles. When it is implemented in a secondary cell such as a small cell, it should also support X2 for the connection with a macro eNB. On the other hand, the UE type RSU should support PC5 and Uu for the vehicles and eNB, respectively, assuming that the UE type RSU is deployed under the control of the eNB.
The assumptions for the interface can impact other aspects, such as the resource control and the power control. For example, when we assume that the UE type RSU is located in the out of the macro-eNB-coverage area, it may need some resource management functions for the communication with the vehicles. When we assume the UE type RSU is located within the macro eNB coverage area, the RSU resource control should be managed by the macro eNB via Uu. 
For more detailed discussions, we think it essential to extensively study the working assumptions and the RSU functionalities. It should also be important to take into account the discussions in other working groups.

Observation: The functionalities of RSUs should be at least clarified, with the studies in other working groups.
3 RSU deployment
3.1  UE type RSU
It is assumed that the UE type RSU can be implemented with a lower cost than the eNB type RSU. However, the available capacity can be accordingly limited. Therefore, it should be probable that the UE type RSUs are deployed in the rural area, e.g., freeway roadside, to support the V2I communication. They may be deployed in a certain urban dense area, where extra system capacity is temporary requested depending on the volume of the traffic. Thus, the UE type RSUs can be used to additionally deploy the V2I entities over the existing V2V deployment.
Urban scenario
In this scenario, the UE type RSU will be deployed to support part of the functionalities of the macro eNB. Since congestions usually occur at the intersections and many vehicles will use V2X communications there, it should make sense that the UE type RSUs are deployed around the intersection, as shown in Fig 1. 
[image: image1.emf]
Figure 1 UE type RSU deployment in an urban scenario.
Freeway scenario
In the freeway scenario, it is possible that the UE type RSU is deployed along the freeway. Fig. 2 shows the possible deployment of the UE type RSU. Here, two RSUs are located at an interval of 866 m per cell (ISD=1732 m) and the number of RSUs is greater than the macro eNBs. In our view, when the ISD is much smaller, for instance, 500 m, the locations of the macro eNBs are close enough and no RSU will be required.
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Figure 2
 UE type RSU deployment in a freeway scenario (ISD=1732m).
Proposal 1: For the UE type RSU deployment, Fig 1 and Fig 2 should be used for the urban and freeway scenarios, respectively. In the freeway scenario, the location of the RSUs should be determined assuming that the parameters are based on option 1 (ISD = 1732m). No RSU is required for the freeway scenario when option 2 (ISD = 500 m) is assumed.

3.2  eNB type RSU

eNB type RSU can be divided into two categories: macro eNB type RSU and micro/small eNB type RSU. The macro eNB type RSU is usually implemented within the macro eNB. Therefore, we think that the agreements for the macro eNB deployment [3] can be adapted for the macro eNB type RSU. Similarly, the micro/small eNB type RSUs are supposed to be implemented within the micro/small eNBs.
Since the micro/small eNB type RSUs are considered more portable than the macro eNB type RSU, choice of micro/small type is usually convenient. It is thus probable that they are deployed at many intersections and roadsides, which can be similar to the typical deployment of the UE type RSU. Thus, the locations of the UE type RSUs may be used for the locations of the micro/small eNB type RSU.
Proposal 2: Micro/small eNB type RSU deployment of urban and freeway scenario can be implemented with UE type RSU deployment.
4 Path loss between RSU and vehicles
For the convenience of simulations, it should be desirable that the channel model between the eNB type RSU and the vehicle is based on the existing path loss model. Thus, model 1 of the baseline parameters of the heterogeneous system [4] could be one of the good candidates for the pass loss model. 

Model 1 [4]: 

Macro to UE: 
L= 128.1 + 37.6log10(R)

Pico to UE: 
L= 140.7 + 36.7log10(R)
Although model 2 in [4] is a LOS/NLOS-aware model and can be more flexible, it involves some complexity such as the determination of the LOS/NLOS parameters. Therefore, in our view, model 1 is more desirable than model 2 considering the convenience of the simulations.

Thus, model 1 should be discussed as the baseline. For model 2, it should be, if necessary, discussed with low priority.
Proposal 3: Model 1 path loss model in the TR 36.814 should be studied as baseline.
5 Summary
In this contribution, the following observation and proposals are made:
Observation: The functionalities of RSUs should be at least clarified, with the studies in other working groups.

Proposal 1: For the UE type RSU deployment, Fig 1 and Fig 2 should be used for the urban and freeway scenarios, respectively. In the freeway scenario, the location of the RSUs should be determined assuming that the parameters are based on option 1 (ISD = 1732m). No RSU is required for the freeway scenario when option 2 (ISD = 500 m) is assumed.

Proposal 2: Micro/small eNB type RSU deployment of urban and freeway scenario can be implemented with UE type RSU deployment.
Proposal 3: Model 1 path loss model in the TR 36.814 should be studied as baseline.
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