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Introduction
During an offline discussions at the RAN1 #92bis meeting, several proposals have been made regarding the V2X NR evaluation methodology (see [1-2]). Proposals 6-7 in [1] deals with the performance metrics:
“Proposal 6: 
· Adopt the following metric for persistent collision
· Packet Inter-Reception (PIR)
· Time elapsed between two successive successful receptions of two different packets transmitted from node A to node B for the same application. Results collected in an area of interest are to be used in a form of CDF.
· FFS the area of interest”
“Proposal 7: 
· “Alt. 2” (agreed in [85-15] and RAN1#86) is supported and can be used as performance metric in scenarios such as multicast/unicast or to see the performance of links in a certain condition (e.g., links blocked by a building). When used, the company needs to clarify how the intended set of receivers is determined and what the motivation is.
· i.e., Alt. 2: (1-Y) is the packet reception ratio calculated on a subset of UEs:
· For one Tx packet, 1-Y is calculated by S/Z, where Z is the number of UEs in the intended set of receivers, and S is the number of UE with successful reception among Z. 
· Unicast is the special case where Z includes a single UE, where the PRR is average of packets of the unicast link”

In this paper, we provide a definition to the term “area of interest” and suggest how the mentioned PIR metric should be calculated accordingly.

Area of Interest-Definition
Given a scenario and a use case, the “area of interest” of vehicle A covers all vehicles which may influenced A’s behavior in the context of the given use case.

Given an environment, and a use case/motivation, the perimeter would be divided into sub-perimeters which would cover all the simulated road users (these sub-perimeters may overlap). If vehicle A is within a certain sub-perimeter, the ability to successfully receive its packets and A’s ability to receive its surrounding packets would only be examined against the other vehicles within this specific sub-perimeter. The rest of the vehicles would only be considered as interferers. 

In other words, the sub-perimeter(s) at which vehicle A is located defines the subset of road users for which the transmissions of A are relevant. Hence even though A may be broadcasting its message, for the purpose of performance evaluation it can be referred to as multicast. Therefore the performance for this sub-perimeter/area of interest can be calculated similarly to the manner described in Proposal 7 of the offline discussion (see introduction).  

To explain the implementation of this definition, suppose the use case we are dealing with is communicating data which may impact the driving policy (such as advanced driving or autonomous driving). The next paragraphs would examine both the Freeway environment and the intersection layout to detect the “area of interest” of each vehicle within this perimeters. 
Freeway’s Area of Interest (Driving Related)
In the Freeway environment (see Fig.1.a), there are 2 opposite driving directions. Since it isn’t expected for vehicles on opposite lanes to ever interact with each other, the “area of interest” of a vehicle would be limited only to the vehicles driving in the same direction as it. In Fig.1.b. the Freeway layout is divided into the 2 area of interests. 

	[image: ]Fig.1.a.: Split for Areas of Interest’s Motivation.
	[image: ]Fig.1.b.: Freeway’s Division for Areas of Interests.

	Fig.1: Freeway areas of Interest in Driving Related Use Cases.



Intersection’s Area of Interest (Driving Related)
When dealing with an intersection, the division to areas of interest is more complex: If a vehicle is rather far from the intersection, then most likely, the only vehicles that would impact its driving are the ones sharing the same intersection’s branch with it (Since the separation between opposite driving directions isn’t as firm as in the Freeway case all the adjacent lanes are within the area of interest). However, upon approaching the intersection, the area of interest also includes all vehicles close to the intersection regardless the intersection’s branch at which they are located (see Fig.2.a.). Fig.2.b. displays a suggestion for the areas of interest surrounding an intersection:

	[image: ]Fig.2.a.: Split for Areas of Interest’s Motivation.
	[image: ]Fig.2.b.: Urban’s Division for Areas of Interests.

	Fig.2: Intersection’s Areas of Interest in Driving Related Use Cases.



As in can be seen from Fig.2.b, the width of “areas of interest I-IV” is 14[m] (as the width of an intersection’s branch in Manhattan Grid). Their length is the matching lanes’ length. The “area of interest V” in Fig.2.b. is denote by a square of size  centered at the intersection center, Where . This indicates that “area V” covers at all four directions the intersection area (hence the ) in addition to  into the lanes area which is the distance a vehicle with velocity of  travels in a duration of 3[sec].
It is once again noted that the division to area of interests depends on the examined use case. If, in the future, other use cases would be examined, the division to areas may change. For example, if the use case requires mapping the environment based on images collected through vehicles’ sensors, the area of interest of each vehicle may become the entire perimeter.

PIR (and PRR) Metric Calculation
For a given scenario and use case, in order to calculate the Packet-Inter-Reception (PIR) metric the following steps should be followed:
1. Divide the given perimeter into sub-perimeters/areas of interest based on the requirements of the use case as demonstrated in Fig.1.b and Fig.2.b.
2. The statistics for the PIR metric would be collected for each area of interest separately. For each two vehicles  where  is the total number of vehicles), the PIR described in Proposal 6 (see introduction) would be calculated only if both vehicles are located within the same area of interest. If that is the case, the obtained data would be used to form the CDF corresponding to the matching area of interest. The CDF is outputted as follows:
I. Collect all the relevant PIR durations and distribute them into their matching bins where the increment step between two adjacent bins is  (examining transmissions shorter than a subframe duration would require higher time resolution). Then normalize the results according to the total number of obtained PIR durations to obtain the empiric PDF.
II. Cumulate the bins to form the CDF, where point  on the CDF curve represents that  percent of the vehicles experience PIR duration no longer than .   
3. At the end of the process, for each area of interest there would be a different CDF curve. 
Note: It is possible that in terms of environment layout and UEs’ dropping and movement models, some sub-perimeters could be considered identical. Thus, their matching statistics could be unified to create one CDF curve. 

Similarly, the PRR can also be calculated for each area of interest separately. Meaning the intended receivers of ’s transmissions  where  is the total number of vehicles), are only those that are located at the sub-perimeter  belongs to. Other nodes are considered only as interferers. If a node is located within more than one sub-perimeter (the areas of interest may overlap as demonstrated in Fig.2.b.) this procedure is repeated for each sub-perimeter separately. 
Summary
Observation 1: Reception performance should be measured only based on the receivers which may benefit from the transmitted data. These receivers are located within the “area of interest” of the transmitter.
 
Observation 2: A transmitter’s area of interest may vary per scenario (environment, UEs dropping model, UEs movement, etc.) and use case.

Proposal 1: For each simulated scenario the nodes’ areas of interest should be defined by dividing the simulated perimeter into sub-sections (which may overlap). 

Proposal 2: The performance metrics should be calculated and outputted for each sub-perimeter separately. (Some of the results may be unified based on symmetry between the matching sub-perimeters.)

Proposal 3: For driving related use cases in the Freeway environment the division to areas of interest should be done as displayed in Fig.1.b.

Proposal 4: For driving related use cases in an intersection environment the division to areas of interest should be done as displayed in Fig.2.b.  where .

Observation 3: Since 5G NR may support transmissions shorter than , for latency performance metrics as PIR the resolution of  may be inadequate.

Proposal 5: For latency performance metrics as PIR the time resolution of the collected empiric results should be taken from the set  where the choice would relied on the type of examined use case.
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