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1 Introduction

In this contribution, we discuss the remaining details of the V2I/I2V evaluation scenarios including traffic model and performance metrics. Our views on remaining details of the deployment and channel modeling aspects are provided in our companion contribution [1].

The main set of simulation assumptions for I2V and V2I communication with some open FFS aspects was agreed during the RAN1 e-mail discussion organized after RAN1#83 meeting [4]. The remaining FFS aspects related to traffic modeling and performance metrics are discussed in Section 2 and Section 3 of this document respectively.

2 Traffic Model
According to the agreements, made during e-mail discussion after RAN1#83 meeting, the I2V traffic model was defined only for the Urban scenario:

· Traffic model

· V2I/I2V traffic model 1: Message generation frequency is the same as that of V2V. Latency requirement is 100 ms.

· V2I/I2V traffic model 2: Message generation frequency is 1 or 0.1 Hz. Latency requirement is > 100 ms (e.g., 1000 ms).

· I2V traffic is generated per intersection for urban case

· V2V message generation does not change from the existing model.

· For model 1, a single message is generated at a vehicle both for V2V and V2I (i.e, no change in the traffic load).

· For model 2, V2I message is additionally generated on top of the V2V message.

For the Freeway scenario, the I2V traffic model was left undefined.

According to the V2I/I2V evaluation agreements, the specific “Virtual Traffic Light” I2V service was assumed for evaluations in the Urban scenario. This I2V service produces data traffic with information for a set of service communication areas (SCA) at roads intersections with centers at CSCA points and service communication area range RSCA as it is shown at Figure 1-a. The SCA does not relate to any specific RSU and may be covered by multiple RSUs (e.g. RSU-eNB1, RSU-eNB2 and RSU-eNB3 at Figure 1-a) or single RSU may cover multiple SCAs.
For the Freeway evaluation scenario, we propose to randomly drop the center of a service communication area (SCA) along the road. In particular, the y-coordinate (see Figure 1) can be fixed to the center of the road width or uniformly distributed across the road width and the x-coordinate can be generated according to the Poisson distribution along the road with the mean distance equal to 500 m. The example deployment of the SCA areas for the Freeway scenario is shown in Figure 1-b.

For I2V traffic at each SCA, the Urban scenario I2V traffic parameters can be reused. We propose to reuse the packet size, latency requirement and packet generation period already agreed for Urban I2V traffic models.
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Figure 1. I2V Communication service areas placement for the Urban (a) and Freeway (b) scenarios
Proposal 1
· The I2V traffic is generated per I2V service communication area (similar to the Urban scenario).

· The coordinates of I2V service communication area center are generated as follows:
· The SCA coordinate along the road length is derived from the random Poisson process with the specified mean distance (e.g. 500 m).
· The SCA coordinate along the road width is fixed (e.g. center of the road width) or uniformly distributed across the road width.

· Use traffic Model 1 agreed for Urban scenario in Freeway evaluations (i.e. packet size, latency and packet generation period to generate the traffic in each I2V service communication area).
The I2V SCA communication range is further discussed in Section 3.

3 Performance Metrics and Communication Range
The following agreements were made by RAN1 WG in terms of performance metrics for V2I and I2V evaluations:

· Performance metric is the same as that for V2V except for target V2V communication range

· FFS: communication range

V2I Performance Metrics
The PRR metrics were originally introduced to characterize the V2V communication which implies broadcast data dissemination towards proximate vehicles. For V2I communication, both of these assumptions may not be valid in the following cases:
1) V2I communication between UE and eNB-type RSU in UL (unicast operation on eNB-UE link).
2) V2I communication between UE and any type of interconnected RSUs. In this case, the number of RSUs which actually receive the specific UE message is not important since the message delivery to any RSU node provides successful service operation.
Observation 1

· The PRR metric defined from the transmitter perspective may not be suitable in all V2I communication cases and is difficult to interpret in case of V2I communication.

· For V2I communication, the PRR may be re-defined from the receiver perspective for V2I communication.
In order to properly characterize the described above communication cases, we propose to introduce the following additional metrics:
1) Packet reception probability. This is the system-level metric describing the packet reception probability calculated over all packet transmissions. This metric can be viewed as a measure of the reliability of the vehicular packet delivery to infrastructure and calculated as the percentage of the packets that were successfully delivered to infrastructure within target communication range.

2) UE average packet reception probability (CDF). The average packet reception probability is calculated for each UE independently. The CDF metric is used to analyze the quality of each UE V2I service and determine the outage probability.
Proposal 2

· In case of V2I communication, define the PRR from the receiver perspective (e.g. amount of successfully received packets to the total number of transmitted packets within packet generation period and given communication range).

· Add packet reception probability and CDF of UE average packet reception probability for V2I service performance evaluations.

I2V & Range of Service Communication Area
As it was discussed in Section 2, I2V services should be able to disseminate the I2V messages to the UEs in service communication areas. Taking into account that the most of V2I services (e.g. V2I Emergency Stop Use Case, Queue Warning, Curve Speed Warning, etc.) specified in TR 22.885 [3] disseminates the information about stationary events and that 4s ample time requirement similar to V2V service requirement, we propose to use the half of V2V communication range, i.e. 75 m and 160 m for I2V service communication area range in Urban and Freeway scenarios respectively.

While the RSU nodes should provide the data dissemination in I2V service communication area which may not coincide with RSU node position, no requirements on RSU to Vehicle or Pedestrian UE communication link range can be defined.
Proposal 3
· For I2V evaluations in Urban and Freeway scenarios, use service communication area with radius of 75 m and 160 m respectively.
V2I Communication Range

The V2I packet produced by a UE should be delivered to the RSU nodes. In case of eNB-type RSU, the target RSU is selected according to the cell search procedure and thus there is no need to define requirement on the range for V2I communication link in this case.

For the V2I vehicle communication with UE-type RSU, the multiple RSU nodes may be able to receive the packet from UE. The assumption on the effective V2I communication range in this case cannot be drawn without any considerations on the service which is supposed to be provided by RSU nodes and whether it can be assumed that RSUs are inter-connected or not. According to the discussion on the performance metric we believe that there may be no need to introduce communication range for V2I, alternatively the existing V2V communication range can be considered.
Proposal 4
· Do not define communication range for V2I communication with eNB-type RSU.
· Reuse V2V communication range for V2I communication with UE-type RSU.
4 Conclusions

In this contribution, we provided our views on remaining details of V2I evaluation methodology. Based on the discussion and presented analysis, we have the following proposals:

Proposal 1
· The I2V traffic is generated per I2V service communication area (similar to the Urban scenario).

· The coordinates of I2V service communication area center are generated as follows:

· The SCA coordinate along the road length is derived from the random Poisson process with the specified mean distance (e.g. 500 m).

· The SCA coordinate along the road width is fixed (e.g. center of the road width) or uniformly distributed across the road width.

· Use traffic Model 1 agreed for Urban scenario in Freeway evaluations (i.e. packet size, latency and packet generation period to generate the traffic in each I2V service communication area).
Proposal 2

· In case of V2I communication, define the PRR from the receiver perspective (e.g. amount of successfully received packets to the total number of transmitted packets within packet generation period and given communication range).

· Add packet reception probability and CDF of UE average packet reception probability for V2I service performance evaluations.
Proposal 3

· For I2V evaluations in Urban and Freeway scenarios, use service communication area with radius of 75 m and 160 m respectively.
Proposal 4

· Do not define communication range for V2I communication with eNB-type RSU.
· Reuse V2V communication range for V2I communication with UE-type RSU.
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