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1      Introduction
The study item of “study on evaluation methodology of new V2X use cases for LTE and NR” was approved in RAN#75 meeting [1]. After a series of discussions, some agreements were achieved at RAN1#92 [2] and RAN1#92bis meeting [3].
In this contribution, we present our views on remaining issues for evaluation scenarios.
2      Discussion

2.1     Vehicle dropping
In RAN1#92bis meeting, three vehicle types were defined as follows:
Agreements in RAN1#92bis:
· Three vehicle types are defined as follows.

· Type 1 (passenger vehicle with lower antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 0.75 meters

· Type 2 (passenger vehicle with higher antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 1.6 meters

· Type 3 (truck): length 13 meters, width 2.6 meters, height 3 meters, antenna height 3 meters

· FFS how to drop different vehicle types

For each type of vehicles, different length and width of vehicle are assumed. The length of each vehicle should be considered during the process of vehicle dropping. Otherwise, the overlapping between adjacent vehicles may happen. As shown in Fig.1, if the length of the adjacent vehicles is not considered and both of them are dropped as two points, the two points are separated but the corresponding vehicles are overlapped actually. The occurrence of such situation is impractical and ought to be avoided in the evaluation.
Observation 1: The length of each vehicle should be considered during the process of vehicle dropping.
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Fig.1 The counter-example of vehicle dropping
It has been agreed at the RAN1#92 meeting that the evaluation scenarios are still the Manhattan urban case and the highway case for both below and above 6 GHz. These scenarios are same as Release 14 LTE-V2X. In order to drop vehicles in a more practical way, following discusses the process of vehicle dropping in the two scenarios respectively.
· Highway case
Some agreements about the highway case are listed below.
Agreements in RAN1#92bis:

· Vehicles are dropped according to the following process.
· The distance between the rear bumper of a vehicle and the front bumper of the following vehicle in the same lane is max {1 meter, an exponential random variable with the average of the speed * x sec}.

· FFS for x sec.
· All the vehicles in the same lane have the same speed.

· The following options are supported for freeway:
· Option A

· Homogeneous vehicle types: 100% vehicle type 2

· Non-clustered dropping
· Same vehicle density in all the directions: Speed is [140 and/or 70] km/h in all the lanes.
· Option B

· Heterogeneous vehicle types: [20]% vehicle type 1, [60]% vehicle type 2, [20]% vehicle type 3

· Non-clustered dropping
· Different vehicle density in different lanes:

· Speed in Lane 1: 80km/h

· Speed in Lane 2: 100km/h 
· Speed in Lane 3: 140km/h 
· Speed in Lane 4: 40km/h 
· Speed in Lane 5: 30km/h 
· Speed in Lane 6: 20km/h  
· Option C

· Heterogeneous vehicle types: 0% vehicle type 1, [67]% vehicle type 2, [33]% vehicle type 3

· Clustered dropping: Each cluster consists of [6] Type 3 vehicles with a gap of [2] meters
· FFS how to drop multiple clusters
· Same vehicle density in all the directions: Speed is [140] km/h in all the lanes.
As can be observed that there are three options in the highway case. And clustered dropping is included in Option C. The distance between two adjacent vehicles is defined as the maximum value of 1 m and an exponential random variable. The proportion of each type of vehicles is also regulated in every option explicitly. On this basis, we put forward a method of vehicle dropping in the highway case. In this method, vehicles are dropped one after another taking the length of vehicle into account so that the overlap of vehicles can be avoided. And the remaining issue that how to drop multiple clusters is addressed in our method simultaneously. The detailed method is presented below:
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For example in Fig.2, vehicles are dropped based on Option B of the highway case. First, vehicle 1 is dropped as a reference vehicle. It should confirm that the whole body of the reference vehicle is in the scope of evaluation scenario. And then, distance D is calculated according to max {1 meter, an exponential random variable with the average of the speed * x sec}.
After that, vehicle 2 is dropped. The position of its rear bump is determined by the position of vehicle 1’s front bump and distance D together. The type of vehicle 2 is calculated based on the proportion of each type of vehicles. Hence, it is a type 1 or 2 or 3 vehicle with the probability of 20% or 60% or 20% respectively. The position of vehicle 2’s front bump is also achieved as soon as the type of vehicle 2 is determined. 
In a same way, other vehicles like vehicle 3, vehicle 4 and vehicle 5 in the opposite direction are dropped one after another. The procedure above is repeated in each lane. 
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Fig.2 The process of vehicle dropping in the highway case
Proposal 1: For each lane of the highway case, a reference vehicle is first dropped. Then vehicles are dropped one after another from the reference vehicle taking the length of vehicle into account.

Proposal 2: Each cluster is regarded as a “vehicle” during the process of vehicle dropping. The proportion of clusters needs to be defined.
· Manhattan urban case
Some agreements about the Manhattan urban case are listed below.
Agreements in RAN1#92bis:
· The following options are supported for urban case:
· Option A
· Homogeneous vehicle types: 100% vehicle type 2

· Non-clustered dropping
· Same vehicle density in all the directions: Speed is [60 and/or 15] km/h in all the lanes.
· In the intersection, a UE goes straight, turns left, turns right with the probability of 0.5, 0.25, 0.25, respectively.
· Option B

· Heterogeneous vehicle types: [20]%, [60]%, [20]% for vehicles types 1, 2, 3, respectively
· Non-clustered dropping
· Different vehicle density in different directions: 

· In the East-West direction:
· Speed in Lane 1: 60km/h

· Speed in Lane 2: 50km/h 
· Speed in Lane 3: 25km/h 
· Speed in Lane 4: 15km/h

· In the North-South direction:

· 0 km/h in all the lanes.

· FFS how to handle the vehicle dropping and direction change at the intersection.

· FFS whether to consider a reduced layout (e.g., covering a single intersection).
· UE location is updated every [100] ms.

For option A of urban case, vehicles determine their direction when they drive into the intersection. Since the vehicles on east-west lane and south-north lane may not align well, the overlap of vehicles after which drive cross or by the intersection may happen. As shown in Fig.3, two vehicles are not overlapped before the updating of locations. Since vehicles may change their directions at the intersection and the locations of vehicles are updated every 100ms, the two vehicles in the Figure may be overlapped after several times of updating. Therefore, the overlap of vehicles should be taken into consideration after vehicles change directions at the intersection.
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Fig.3 The updating of locations at the intersection

Observation 2: The overlap of vehicles should be taken into consideration after vehicles change directions at the intersection.
For option B of urban case, if a reduced layout (e.g., covering a single intersection) is supported for simplifying the complexity of evaluation, the performance metrics should be chosen properly focusing on near distance. Two metrics of PRR, i.e. CDF of PRR and average PRR, are defined in [4].
·  Packet Reception Ratio (PRR) :
· For one Tx packet, the PRR is calculated by X/Y, where Y is the number of UE/vehicles that located in the range (a, b) from the TX, and X is the number of UE/vehicles with successful reception among Y. CDF of PRR and the following average PRR are used in evaluation
· CDF of PRR with a = 0, b = baseline of 320 meters for freeway and 150 meters for urban. Optionally, b = 50 meters for urban with 15 km/h vehicle speed.
· Average PRR, calculated as (X1+X2+X3….+Xn)/(Y1+Y2+Y3…+Yn) where n denotes the number of generated messages in simulation. with a = i*20 meters, b = (i+1)*20 meters for i=0, 1, …, 25.
If the average PRR is selected to evaluate the performance, the PRR in remote distance won’t be collected since the maximum statistical distance of average PRR is 500 m and the size of the reduced layout is not broad enough. Thus, suitable statistical distance for average PRR should be defined for reduced layout. Besides, CDF of PRR will be fine because the statistical distance of it is not more than 150 m.
Observation 3: If the reduced layout is supported, suitable statistical distance for average PRR should be defined.
2.2     Traffic model
Agreements in RAN1#92bis:
· Two options are supported as follows: 
· Periodic traffic based on Option 1
· FFS on which option(s) is(are) supported:
· Message size varies in time in a deterministic manner.
· Message size varies in time in a random manner.
· Aperiodic Traffic based on Option 3
· Working assumption: Inter-packet arrival time = a non-negative constant value + a random variable following an exponential distribution.
· Message size varies in time in a random manner.
· Other options are not precluded if a relevant use case is identified.
· Further discussion till next meeting whether both options have equal priority or one of them has a higher priority.

As for traffic model, two options are supported. In Option 1, the generation moment of each message is strictly periodic. Option 3 indicates that the inter-packet arrival time is a random variable. In LTE-V, periodic traffic model is mandatory [4]. The consecutiveness from V2X to 5G eV2X should be considered. Besides, various types of messages are also transmitted following a strictly periodic manner in some 5G eV2X use cases, some of which are relevant to platooning use case [5]. Therefore, periodic traffic model based on option 1 should be as baseline.

Proposal 3: Periodic traffic model based on option 1 should have higher priority.
3      Conclusions
In this contribution, we discuss several remaining issues on evaluation scenarios for new V2X use cases including the process of vehicle dropping and traffic model. We have the following observations and proposals:
Observation 1: The length of each vehicle should be considered during the process of vehicle dropping.

Observation 2: The overlap of vehicles should be taken into consideration after vehicles change directions at the intersection.
Observation 3: If the reduced layout is supported, suitable statistical distance for average PRR should be defined.
Proposal 1: For each lane of the highway case, a reference vehicle is first dropped. Then vehicles are dropped one after another from the reference vehicle taking the length of vehicle into account.

Proposal 2: Each cluster is regarded as a “vehicle” during the process of vehicle dropping. The proportion of clusters needs to be defined.
Proposal 3: Periodic traffic model based on option 1 should have higher priority.
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A method of vehicle dropping in the highway case


Input: Option A, B or C of the highway case. Note that the procedure below is the process of vehicle dropping in one lane. And the procedure can be repeated in all lanes.


Drop a vehicle in the lane randomly as a reference vehicle. 


Determine the type of the reference vehicle based on the proportion of each type of vehicles.


Drop vehicles one after another in two directions from the reference vehicle until there is no space left. 


•The distance between the rear bumper of a vehicle and the front bumper of the following vehicle in the same lane is max {1 meter, an exponential random variable with the average of the speed * x sec}.


•The type of each vehicle is determined based on the proportion of each type of vehicles.


•Note: for Option C, each cluster is regarded as a “vehicle” during the process of vehicle dropping. The length of the “vehicle” is calculated as [6]*13+[5]*2=[88] meters. The proportion of clusters needs to be defined.
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