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1. Introduction
In the RAN#68 plenary meeting, a study item for LTE-based V2X services was approved [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 SA1 TR [2]. First, it is necessary to establish the evaluation methodology for feasibility of LTE-based V2X. In this contribution, we examine and discuss on the possible scenarios and associated features.

2. Evaluation scenarios
To properly describe and evaluate the V2X communication, the traffic condition and the surrounding environments should be well deployed. Traffic conditions can vary widely depending on a variety of environments, such as the number of vehicles, traffic control, occurrence of accident and rush hour, etc. Three main scenarios are mentioned in literature for the study of VANETs: freeway, urban, and rural. Among these, the selected scenarios for ETSI ITS simulations ([3], [4]) are freeway and urban as the highest vehicle densities and highest mobility can be found here.
In a freeway scenario, one straight freeway is considered and the relative speed between vehicles can be as much as 300 km/h. The density of vehicles is low when the vehicles move with high speed, but it can be also very high during rush hour or when an accident occurs. This scenario can test for both the high mobility case (with low density) and the high vehicle density case. In an urban scenario, multiple streets are deployed in the horizontal and vertical directions, and a grid-type road structure is made with the assumption that buildings exist within each rectangle surrounded by the streets. The speed of vehicle is lower than the freeway scenario resulting in shorter inter-vehicle distance and higher vehicle density. This scenario can render insights on the effect of the obstacles like buildings blocking the V2X signal and the system operation with even higher areal vehicle density by the 2D road structure. Considering these, we can select the two scenarios, i.e. freeway scenario and urban grid scenario as will be elaborated in the subsequent subsections. In establishing the two scenarios, it is preferable to make them as common as possible for the simulation simplicity and comparison between them.

Proposal 1: Two evaluation scenarios are defined for evaluations -- the freeway scenario and the urban grid scenario.

3. Operation carrier frequency and bandwidth
The V2X SI should cover two cases in relation to the operation carrier. One is the case where V2X services coexist with other cellular services, and this is typically done in the conventional LTE carrier. The other is the case where a carrier is dedicated to LTE-based V2X services which may be operated in a new frequency band. We note that, even in a single vehicle, different services may use different carriers, e.g., V2V in ITS-dedicated carrier and V2I/N in conventional LTE carrier.
2 GHz frequency can be considered as a typical example of conventional LTE carrier. A carrier up to 6 GHz is mentioned in SID [1], and this is to cover a carrier dedicated to ITS (intelligent transport system) which is typically in the 5.9 GHz frequency band. So, this study needs to cover two carrier frequencies in the evaluation, 2 GHz for legacy LTE carrier and 5.9 GHz for ITS-dedicated carrier. 
10 MHz system bandwidth can be assumed per carrier in the evaluation as it is commonly used in conventional LTE carriers as well as in the frequency allocation of 5.9 GHz for the ITS purpose. For the number of carriers, the evaluation should cover the multi-carrier cases where more than one carrier is used from the system point of view, at least for case of the ITS-dedicated carrier. The use of multiple carriers is helpful in the resource utilization when the vehicle density is high by traffic jam. According to the frequency allocation in [5], [6], 7 carriers, each of which has 10 MHz bandwidth, are defined for ITS in the frequency range of 5.855 – 5.925 GHz. Assuming that a set of carriers can be dedicated to LTE-based V2X similarly to this frequency allocation, it should be essential part of this study to evaluate the performance of the options to operate multiple carriers, e.g., 2 or 4 carriers. UE capability needs to be considered together, and considering that V2X message generation rate is not very high per vehicle, TX on 1 carrier can be sufficient while a UE can be required to receive on multiple carriers simultaneously.

Proposal 2: 2 GHz conventional LTE carrier and 5.9 GHz ITS-dedicated carrier are considered for evaluations.
Proposal 3: Multi-carrier operation should be defined especially in the ITS-dedicated carrier.1, 2, and 4 carriers can be considered system-wise, and UE capability of TX on 1 carrier and RX on 1, 2, 4 carriers can be studied.

4. Cell layout
As this study should cover Uu-based V2X, cell layout should be considered in the evaluation model. We note that even the out-coverage D2D operation was evaluated on top of a cell layout in Rel-12, and having the same cell layout will be beneficial in reducing simulation work for Uu- and PC5-based solutions. In the multi-cell network model, the cells facing each other compose a form of cell cluster as shown in Figure 1. The first tier of the cell-cluster surrounds the center cell and then the second tier (if exists) covers the first tier as well.
In V2X communication requiring relatively short communication range, the cell layout of 1 tier structure, i.e. 7-site layout as shown in Figure 1 (marked as center cell cluster), could enough for the evaluation. Of course, in order to design the multi-cell network model more accurately, 2 tiers of cell layout structure, i.e. 19-site layout, can be considered as well.
In urban grid scenario, it is natural to select the urban macro environment with ISD 500m. This cell deployment should be used for the freeway scenario as well because it is one of the study topics to evaluate the impact of high mobility on the Uu-based V2X operations. It is not a rare case to deploy freeway in city area as shown in Figure 2, and if we assume that vehicles in freeway are not likely to be within the coverage of small cells, the freeway scenario under the urban macro environment will be the upper limit in terms of mobility.
In the proposed cell layout, the eNBs are enabled for in-coverage case and disabled for out-coverage case, similarly to the Rel-12 D2D evaluation scenarios.

Proposal 4: 7- or 19-site cell layout is considered for V2X multi-cell network with the baseline ISD of 500 m. eNBs are enabled for in-coverage case and disabled for out-coverage case.

5. Road deployment

5.1. Wrap around model
If wrap around is not applied, the UEs in the edge of the cell layout (Figure 1) will receive smaller number of signals than the UEs in the center of the cell layout. Due to this ‘edge effect’, the interference model between the edge UEs and the cells cannot be properly depicted. To mitigate the edge effect, the replicas of the cell layout can be virtually added wrapping around the center cluster of cells [7]. For the multi-cell network with 7-site layout, an example of the wrap-around model is shown in Figure 1. C0 means the center position of the center cell cluster and C1 ~ C6 mean the center position of the surrounding ‘virtual’ cell clusters.
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Figure 1. Multi-cell layout and Wrap-around example
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Figure 2. An example of freeway deployed in the city (Banpo, Seoul, Korea)
When roads are deployed on top of the cell layout, replicas of the roads also appear in the virtual clusters. Then, roads can be discontinuous at the border between cell clusters depending on the detailed road deployments, which will cause some problems such as discontinuous UE location update, non-uniform vehicle density, and difficulty in determining pathloss between vehicles (e.g., by explicit LOS/NLOS model in [8]). Therefore, we proposed to satisfy the condition that the streets should be continuous at the wrap-around point so that the road / building layout should be maintained after wrap-around. Based on this condition, we suggest a wrap-around model in the urban grid scenario and freeway scenario.

Proposal 5: Wrap-around method we are considering should satisfy the condition that both ends of the roads at the wrap-around point should be continuous and the road / building layout should be maintained after wrap-around.

5.1.1. Freeway scenario
In Figure 3 (a), assuming a V-UE exits the center cluster at point (1), the V-UE again enters into a specific wrap-around position of one of the virtual cluster at point (2). Virtual clusters are attached beside the center cluster, but the road is not continuous and the wrap-around condition as mentioned above is not met. One solution is to shift the road so that the extension of the freeway road crosses the center of the cell clusters as shown in Figure 3 (b). It can be seen that the wrap-around road passes through C0 (the center of the center cluster) and also passes through C3 and C6 (the center of the adjacent ‘virtual’ clusters) while maintaining the freeway structure.

Proposal 6: The extension of the freeway road crosses the center of the cell clusters in order to satisfy the wrap-around condition in the freeway scenario.
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(a) An example of incorrect wrap-around
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(b) An example of correct wrap-around (Wrap-around condition is met.)

Figure 3. Wrap-around model for freeway scenario

5.1.2. Urban grid scenario
Likewise, in Figure 4 (a), when a V-UE in the urban grid structure exits the center cluster at point (1), the V-UE again enters into a specific wrap-around position at point (2). Virtual clusters are attached beside the center cluster, but the road is not continuous and the urban grid structure is distorted (i.e. the wrap-around condition is not met). One solution to solve this problem is to adjust the center of each cluster to be located at the intersection of urban grid structure and adjust the size of the building (or distance between intersections) in order to place an integer number of buildings between the center points of the clusters. In Figure 4 (b), it can be seen that a V-UE that exits at point (1) again enters into a specific wrap-around position at point (2) and the road is continuous while maintaining the urban grid structure as well.
For ISD 500m hexagonal system, the maximum possible grid size is 250 X 250 (= 433 X 250) (m). The submultiple of this value (i.e. division of the maximum grid size by integer number) can satisfy the condition in the above subsection. In this way, the set of the candidates of the grid size is formed as {433 X 250, 216 X 250, 144 X 250, …, 216 X 125, 144 X 125, 108 X 125, …, 144 X 83.3, 108 X 83.3, 86.6 X 83.3, …}. For example, in order to make the grid size as similar as the one used in the ETSI ITS (150 X 150 m) [4], the possible grid size is 144 X 125 (m). The grid size of 216 X 250 m can be chosen if it should not be smaller than the one used in [4]. 

Proposal 7: The center of each cluster is located at the intersection of urban grid and an integer number of buildings are placed between the center points of the clusters in order to satisfy the wrap-around condition in the urban grid scenario.
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(a) An example of incorrect wrap-around
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(b) An example of correct wrap-around (Wrap-around condition is met.)

Figure 4. Wrap-around model for urban-grid scenario

5.2. Road configuration
We can assume 2 lanes per direction (4 lanes in total in each street) for the urban grid scenario and 3 lanes per direction (6 lanes in total) for the freeway scenario. According to the rules of the road structure and facilities standards provided by Korea National Legal Information Center [9], the width of the urban road with a speed limit of 70km/h is defined as 3.0 m and the width of the freeway is defined as 3.5 m. For commonality, we set the road size to 3.5 m for both urban grid scenario and freeway scenario.
Applying these values, the total width of the road in the freeway scenario is 21 m. The total width of the road in the urban scenario is 14 m and the size of a building becomes 130m X 111 m for the grid size of 144 X 125 (m). Figure 5 shows these road configurations for both scenarios.

6. RSU deployment
RSU is the infrastructure device installed either in eNB or stationary UE, and it communicates with vehicles for V2V or V2I/N. Under the above cell layout, macro eNB, if enabled, can play the role of RSU via Uu interface, and we can call this “macro RSU.” All the assumptions applied to macro eNB for antenna height, maximum transmit power, and antenna configuration can be reused for this macro RSU. As an alternative or a complement to macro RSU, a different type of RSUs, which is specifically for the purpose of V2X services, can be deployed. It would be reasonable to assume that this type of RSU has lower transmit power for the cost efficiency, and we can call it “micro RSU.” Either eNB type or UE type RSU can be a micro RSU, and the power and antenna configuration of the UE can be assumed. 
It is a reasonable assumption that micro RSUs are located near the vehicles. In the freeway scenario, micro RSUs can be deployed on the median strip with a regular distance of 100 m as in [4]. In this case, the antenna height can be the same as that of vehicle. In the urban grid scenario, micro RSUs can be deployed at the center of intersection assuming that they are mounted on the traffic lights. In this case, the antenna height of 5 m can be assumed. 
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(a) Road configuration in urban grid scenario
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(b) Road configuration in freeway scenario

Figure 5. Road configuration for urban grid scenario

Proposal 8: RSUs are deployed on the intersection in the urban grid scenario and on the median strip of the road in the freeway scenario.

7. UE deployment

7.1. Vehicle UE deployment
In the freeway scenario, the average inter-vehicle distance can vary in a wide range according to the road conditions (e.g. road traffic, vehicle speed and any other events occurred on the road). For the simplicity, uniform dropping and the same speed can be assumed for vehicles in the same lane of the same street. The same vehicle density over all the lanes/streets can be the baseline, but it should be allowed to consider the possibility of different density for different lanes/streets to make observation for such asymmetric case. ETSI ITS classifies the vehicle densities as 4 classes as shown in Table 1 [4] and the vehicle density in the freeway scenario can be determined between these values. The same set of vehicle density can be considered for the urban grid scenario as well except Class 1 which is not so meaningful in the urban case with 100 m effective range. 
Table 1. Average vehicle density for V2X
	Class
	Average inter-vehicle distance in a lane
	Vehicle density

	1
	100m
	10 vehicle/km/lane

	2
	45m
	22 vehicle/km/lane

	3
	20m
	50 vehicle/km/lane

	4
	10m
	100 vehicle/km/lane



It is noted that vehicle speed will be much lower in Class 4 which is classified as the extreme case. Thus, a different set of requirements is needed for this class, and further outcome from SA1 may be necessary.

Proposal 9: The vehicle density is divided into 4 classes according to the inter-vehicle distance.

7.2. Pedestrian UE deployment
For dropping of the P-UE (pedestrian UE), conventional D2D UE dropping method can be reused such as layout option 3 (ISD 500m, all UEs outdoor) of the UE dropping model in [10]. In layout option 3, two suboptions are described, i.e. uniform drop and (outdoor) hotspot drop. Similarly, applying these into the urban grid scenario:
a) Uniform drop - all UEs are randomly and uniformly dropped throughout the macro geographical area of the urban grid.
b) Hotspot drop – Randomly select an (event) area within each macro geographical area.  Randomly and uniformly drop a certain number of P-UEs (e.g. 2/3 of total P-UEs) within a certain amount (e.g. radius of 40 m) of the selected area.  Randomly and uniformly drop the remaining P-UEs to the entire macro geographical area of the given macro cell. 
In the freeway scenario, it can be assumed that the V-UEs and P-UEs are isolated each other. Thus, no signalling between V-UEs and P-UEs are needed to detect and recognize the dangerous situations. From this perspective, the P-UE deployment can be considered only for the urban grid scenario.

Proposal 10: P-UEs are distributed in the manner of uniform drop or hotspot drop only in the urban grid scenario.

8. Conclusion
In this contribution, we proposed the deployment scenarios for V2X evaluation. We tried to reuse the features defined in the conventional D2D systems. We also tried to maintain the commonality between two main scenarios, i.e. urban grid and freeway scenario, for most of the features. Our proposals can be summarized as follows:

Proposal 1: Two evaluation scenarios are defined for evaluations -- the freeway scenario and the urban grid scenario.
[bookmark: _GoBack]Proposal 2: 2 GHz conventional LTE carrier and 5.9 GHz ITS-dedicated carrier are considered for evaluations.
Proposal 3: Multi-carrier operation should be defined especially in the ITS-dedicated carrier.1, 2, and 4 carriers can be considered system-wise, and UE capability of TX on 1 carrier and RX on 1, 2, 4 carriers can be studied.
Proposal 4: 7- or 19-site cell layout is considered for V2X multi-cell network with the baseline ISD of 500 m. eNBs are enabled for in-coverage case and disabled for out-coverage case.
Proposal 5: Wrap-around method we are considering should satisfy the condition that both ends of the roads at the wrap-around point should be continuous and the road / building layout should be maintained after wrap-around.
Proposal 6: The extension of the freeway road crosses the center of the cell clusters in order to satisfy the wrap-around condition in the freeway scenario.
Proposal 7: The center of each cluster is located at the intersection of urban grid and an integer number of buildings are placed between the center points of the clusters in order to satisfy the wrap-around condition in the urban grid scenario.
Proposal 8: RSUs are deployed on the intersection in the urban grid scenario and on the median strip of the road in the freeway scenario.
Proposal 9: The vehicle density is divided into 4 classes according to the inter-vehicle distance.
Proposal 10: P-UEs are distributed in the manner of uniform drop or hotspot drop only in the urban grid scenario.
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