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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]). Proposal 5 in [1] deals with the UEs dropping model for the Urban environment. In addition, Proposals 2, 4 also includes relevant details to the vehicles’ arrangement within the simulated environment: 
“Proposal 2: 
· Three vehicle types are defined as follows.
· Type 1 (passenger vehicle with lower antenna position): length 5 meter, width 2.6 meter, height 1.6 meter, antenna height 0.75 meter
· Type 2 (passenger vehicle with higher antenna position): length 5 meter, width 2.6 meter, height 1.6 meter, antenna height 1.6 meter
· Type 3 (truck): length 13 meter, width 2.6 meter, height 3 meter, antenna height 3 meter…”
 “Proposal 4: 
· Vehicles are dropped according to the following process.
· The distance between the rear bumper and the front bumper of two adjacent vehicles in the same lane is 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…”
“Proposal 5:
· 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.
· 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 direction change at the intersection.”

In this paper, we provide more details regarding the vehicles movements at the intersection and the road layout to complete the description of the Urban scenario.

Vehicles’ Movement at the Intersection
Examining Proposal 5, it can be seen that the suggested UEs dropping model for Option A is the one that was used in Rel-14 to estimate system cV2V performance in the Urban environment (see [3]). Therefore, the manner of which the vehicles drive through an intersection only needs to be defined for Option B which includes both heterogeneous vehicles types and different vehicles’ densities. 

For simplicity, let us first isolate the intersection area from the Manhattan grid. From now on, this area would be referred to as “Intersection Unit” (IU). The measures of the IU can be found in Fig.1. Implementing the specifications at Proposal 5 Option B, we propose the following behavior characteristics at the intersection:

· A Vehicle’s velocity remains the same throughout the entire simulation. 
· Vehicles located at the right lane per direction would turn right, continue straight or turn left with probabilities of 0.5, 0.5 and 0, respectively.
· Vehicles located at the left lane per direction would turn right, continue straight or turn left with probabilities of 0, 0.5 and 0.5, respectively.
· Per direction, the velocity on the right lane wouldn’t be higher than the one on the left lane. 
· A vehicle entering the intersection from the right\left lane would exit the intersection on the right/left lane respectively, regardless the direction of its travel.
· The gap between two adjacent stopping cars () is 1[m].
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	Fig.1: Intersection Unit’s (IU) Measures.




Applying the policy described above along with the content of Option B at an IU, induces the velocities pattern depicted in Fig.2. 

	[image: ]


	Fig.2: Intersection Unit (IU) –Traffic Directions and Speed.




It can be seen from Fig.2, that adding an IU to the right or to the left of another IU wouldn’t cause contradictions in terms of lane’s defined speed. However, that is not the case when trying to add and IU on top or below another one. The contradiction would occur even if the velocities of the lanes would be differently defined due to the lanes where the vehicles are at full stop (choosing to simulate all vertical lanes as static ones (where no vehicle is moving) is not a solution since no vehicle would be able to turn right or left).

We suggest that the entire Urban scenario would be assembled from 3 IUs concatenated to each other through the horizontal axis. Since no intersections would be added in the vertical axis  would be lengthen to . These details are displayed in Fig.3.  
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Fig.3: The Complete Urban Environment-Minimized Grid.




The layout depicted in Fig.3 is a bit challenging in respect to the wrap around issue due to the diverse velocities: Suppose a vehicle drives on a lane from South –to-North and exits the grid through  (i.e. the top edge of the lane). The tendency is to re-enter it to the grid through the lower end of the same lane. However, since all vertical lanes directed toward the intersection are occupied with stationary vehicles, they lack the capacity to absorb the new vehicles. (Moreover it would force velocity changes which are not desired). 

To resolve this issue while maintaining the same amount of vehicles throughout the entire simulation duration, all vehicles exiting the simulation area would be inserted through wrap around to the speed matching horizontal lane (E1s go to P1, E2s go to P2, etc.). Since per velocity there are 4 exits (marked as  in Fig.3) and only one matching entrance (marked as  in Fig.3), it is possible that the area around  would need to be inserted with up to 4 vehicles at once. There is no guarantee that there will be enough room for all of these vehicles. 

Hence it is propose to add margins of length  on both edges of the horizontal axis to assure all exiting vehicles could be immediately re-inserted to the simulation area. The initial localization of the vehicles wouldn’t include these margins, thus allowing some flexibility in rearranging around  the vehicles originated from the matching exits  in case there are more than one vehicle that needs to be inserted. 

In order to assure the margins would be long enough, they need to accommodate the worst case scenario where 4 vehicles (which one of them is a truck) would need to be inserted through wrap around to  which corresponds to the highest possible Urban’s velocity. Hence, the length of  should be approximately set according to the total length of 3 vehicles, one truck and the 3 inter-vehicles gaps (the gaps were calculated as ).  These considerations led to the value of . It is noted that for Option A of Proposal 5, where all vehicles have the same velocity the margins aren’t necessary.


Manhattan Grid’s Redundancy
So far, the Manhattan grid (see Fig.1) was used to simulate the Urban scenario (see [3]). 
Simulating a smaller grid can potentially be just as good due to the following reasons:

· Previous simulations have shown that for ranges larger than ~270[m], PRR performance for the Urban environment becomes insignificant (about 20%) due to the harsh NLOS propagation model ([3-4]). In other words, the PL model creates a strong spatial separation. Since the vertical distance between two adjacent intersections in the Manhattan grid is more than 400[m], there is no added value to simulate concatenated IUs in the vertical axis. 
The horizontal distance between two adjacent intersections in the Manhattan grid is ~240-250[m]. Meaning, more than one IU (on the horizontal axis) may be required to fully estimate performance, yet 3 IUs are quite enough to achieve comprehensive analysis.
· It is now acknowledged that vehicles located on the LOS between transmitter and receiver also block the signal (see Proposal 2,8 in [1]). This may further strengthen the spatial separation at the Urban environment and the necessary size of the simulation environment may be further reduced.
· Even before considering different vehicle’s densities at the same scenario, the number of nodes was extremely large making simulations’ complexity quite high. The higher densities induced by Option B (Proposal 5) along with the complexity increase due to the identification of OLOS (Obstructed LOS) would substantially prolong simulations’ running time. 
For reference, we present in Table.1 estimations of the number of nodes for both Options A,B. The estimations are given for the complete Manhattan grid (see Fig.1) and for the simulation environment suggested at Fig.3. The calculations are performed under the vehicles’ densities displayed in Fig. 2, assuming no deadlock issues when extending to the full Manhattan grid. For the value of  defined in Proposal 4 of the offline discussion (see introduction) the range of  was assumed. Hence for very estimation a minimum and maximum would be provided corresponding to  and  respectively. The vehicles’ lengths (see Proposal 2 in [1]) as well as the vehicles’ type distribution were taken under consideration:
	
	Full Manhattan Grid (Fig.1)
<Minimum, Maximum>
	Minimized Grid (Fig.3)
<Minimum, Maximum>

	Option A-Vehicles’ Speed
	60km/h
	
	

	
	15km/h
	
	

	Option B
	
	


Table 1: Total Number of Nodes at the suggested Urban Scenarios.

Summary
Observation 1: Proposal 5, Option A intersection behavior poses some logical failures: In reality, not all intersection’s branches can drive simultaneously and not all lanes allow all direction changes (left, straight and right). Otherwise, a collision is sure to happen.

Observation 2: Proposal 5, Option B presents a more logical approach to vehicles’ behavior around an intersection.

Proposal 1: To accommodate better the intersection direction change policy demonstrated in reality we propose to apply the followings:

· Vehicles located at the right lane per direction would turn right, continue straight or turn left with probabilities of 0.5, 0.5 and 0, respectively.
· Vehicles located at the left lane per direction would turn right, continue straight or turn left with probabilities of 0, 0.5 and 0.5, respectively.
· Per direction, the velocity on the right lane wouldn’t be higher than the one on the left lane. 
· A vehicle entering the intersection from the right\left lane would exit the intersection on the right/left lane respectively, regardless the direction of its travel.

Observation 3: Using the full Manhattan grid as the urban environment is redundant. Beyond inducing high simulations’ running time it may pose some difficulties in assigning the vehicles’ speed when applying Proposal 5, Option B of the offline discussion. 
 
Proposal 2: Use a minimized grid to evaluate Urban V2X performance as displayed in Fig.3.

Observation 4: Proposal 5, Option B in [1], obligates careful design of the vehicles’ direction change policy and the vehicles’ speed at each lane to prevent malfunctions in the vehicles’ movements.  

Proposal 3: In addition to the details of Proposals 1,2 set the following guidelines in regard to the vehicles’ behavior when applying Proposal 5, Option B of the offline discussion:

· A Vehicle’s velocity remains the same throughout the entire simulation (to prevent the need of acceleration\deceleration models). 
· The gap between two adjacent stopping cars () is 1[m].
· To accommodate wrap around issues add margins of length [m] each at both sides of the horizontal road of the minimized grid (as displayed in Fig.3). 
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