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Introduction
PRR (Packet Reception Ratio) is the commonly used metric to evaluate system performance (see [1]). However, there are many aspects of the system which can’t be deduced using solely PRR such as the system reception latencies. 

In this paper, we propose 3 additional performance metrics which provide a better understanding of the system behavior and communication reliability. Thus, allowing better evaluation of the eV2X performance.  

New Performance Metrics
In this section we suggest 3 different metrics to evaluate performance:
Cadence Dependant PRR (CD-PRR)
Motivation
This metric is a generalization of PRR. It calculates PRR based on the reception cadence the system should support per range. CD-PRR fuses the impact of PRR performance and transmission latencies of the system and provides a better understanding of the system reception latencies.  
Metric Calculation
Let us assume that for a range of  meters the cadence reception requirement of  receptions per second is assigned. Meaning, for every two vehicles with a distance of , every  seconds at least one exchange of safety packets should be performed successfully. A deviation from this cadence would be considered as a reception failure. Let us denote the cadence by  which is basically the reception cycle duration. As  increases, the corresponding  can potentially be increased as well (inducing a looser reception cadence requirement) since their mutual impact in terms of vehicles dynamics is potentially reduced.

An example of a method to map a range between vehicles to its corresponding  is as follows:
Each scenario is assigned with the parameters: 
· - A velocity which describes the mobility of the vehicles.
· - A time interval representing an automotive related time period e.g. the minimal required time for the driver or the vehicular systems to decide on how to react and apply this reaction.
· - The distance a vehicle travels at a speed  for a duration of .
· - A fraction (), representing the increment of ’s size.
Let  denote the function mapping range  to its corresponding .  is given by: .
An illustration of the  increments can be seen in Fig.1.
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	Fig.1: Spatial Illustration of .



The CD-PRR is calculated as follows:

Let vehicles A and B denote the transmitter and receiver respectively with a distance of  (the distance can vary depending their velocities and direction). In order to calculate the CD-PRR for this link, the following steps need to be followed:
1. Generate a ‘Time Line’ indicating the moments B successfully received A’s messages. 
2. Divide the ‘Time Line’ into intervals of durations .  
3. Calculate the CD-PRR according to these time intervals, where the denominator is the amount of time intervals, and the numerator is the number of time intervals in which at least one message of A was received successfully by B.
To produce the CD-PRR curve for all system, this process needs to be done for all possible transmitters and receivers (total  times where  is the number of vehicles). After counting the total expected receptions vs. the total successful receptions per range the ratio is calculated.
 
For further elaboration on the CD-PRR performance see [2].

Interest Dependant PRR (ID-PRR)
Motivation
When calculating PRR for a range of  meters, the empiric reception probability of all the links corresponding to this range is taken into account. However, quite often there are links which their corresponding vehicles’ positions along the road make the information exchange between them irrelevant.
For example, in the Freeway environment (see [1]) where there are 2 opposite driving directions. Since it isn’t expected for vehicles on opposite lanes to ever interact with each other, the empiric reception probability for a certain vehicle should be synthesized only from the vehicles which drive in the same direction as it does. 
PRR which is partially based on links which their corresponding vehicles have no mutual impact in terms of driving dynamics can create a misleading impression of the system performance. It is noted that every scenario and environment may induce different areas of interest for each vehicle, and these areas must be defined to accurately calculate the ID-PRR.
Metric Calculation
The steps to calculate the ID-PRR are as follows:
1. Per simulated scenario, defined for each vehicle what are the other road users which may impact its driving policy.
2. When verifying whether a message was successfully received by a vehicle, consider the message’s origin. The success/failure in reception would only be taken into account if the transmitter has an impact on the receiver in terms of driving policy. If the transmitter doesn’t have an impact on the receiver it would only be considered as an interferer.

Failure Bursts Constrains (FBC)
Motivation
Suppose vehicle A and B are transmitter and receiver respectively. Vehicle B may fail to receive all A’s messages and it is desired to estimate the link quality between these two vehicles. PRR would only provide the average percent of messages that were failed to be received. It would not indicate the pattern of reception failures along the simulation. It is possible that the reception failures were spread in a balanced manner throughout the simulation or that most of them occurred around the same time.
Meaning PRR doesn’t provide insights regarding the reception failures bursts’ pattern. In order to explain the importance of this issue we bring the following example:
Suppose that vehicle A has transmitted 100 messages. Calculating the PRR of vehicle B in regards to A’s messages the value of 0.8 was received. If the reception failures were spread in a balanced manner, then after 80 transmitted messages it could have been estimated that around  messages were lost. If however all failures occurred at the 20 last transmissions then something in the simulation’s circumstances caused the link between A and B to be highly reliable at first, and a complete failure later. These are very different conclusions yet PRR wouldn’t be able to detect this.
Instead of just requiring high PRR in the range of interest, we would like to specify limitations for the failure bursts patterns as well. Using the FBC metric may improve estimation of simulation’s links quality and the factors which impact it. 
Metric Calculation
Suppose vehicle A transmits messages . Also, let  contains only the messages of A that were successfully received by B according to their chronological order. In order to determine whether the communication between them is reliable enough, in addition to having PRR above a certain threshold, FBC would require one or more of the followings:
· Failure burst’s size (meaning the number of failures in a row) shouldn’t exceed . Meaning every adjacent  must uphold .
· The empiric average of the failure bursts’ sizes need to be where .
·  may vary per range. FFS on these parameters’ values.

Summary
Observation 1: PRR isn’t sufficient to fully evaluate system performance.
 
Due to the shortcomings of PRR metric, the following additional metrics are proposed:


Proposal 1: CD-PRR needs to be part of the evaluation methodology to improve understanding of reception latencies.

Proposal 2: ID-PRR needs to be of the evaluation methodology s.t. the empiric reception probability would reliably reflect the links quality between vehicles which may have mutual impact in terms of driving policy.

Proposal 3: FBC should be part of the requirements a link needs to uphold for it to be considered reliable. 
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