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Introduction
3GPP SA1#69 has agreed a new study on LTE support for V2V (vehicle-to-vehicle), V2I (vehicle-to-infrastructure) and V2P (vehicle-to-pedestrian) communications. To achieve these requirements for LTE based V2X, the vehicle traffic and mobility are necessary to be modelled based on specific vehicle networking for performance evaluation and system design. In this contribution, we first briefly overview the traffic modeling for urban scenario including both freeway and Mahattan grid urban street scenarios, and then propose the extensions that may need to be considered to make the traffic model more practical.
Traffic modeling of vehicular networks in urban environment
The traffic modeling based on the Manhattan-grid topology for the urban street scenario could be the baseline which is demonstrated as Fig.1. The topology of the streets block is 600m*600m square, with four 3.5m width lanes of each street and 560m*560m building with 40m inter-distance between each other. The vehicular intensity follows the Poisson distribution with a flow volume of 900pcu/h in each lane, when the vehicular speed is supposed to be Uniform distribution between [50, 60] km/h, it is equivalent to the traffic density of 18 car/km/lane. 
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Fig.1 The traffic modeling of the urban scenario
Furthermore, Tte performance of the vehicular communication is heavily affected by the vehicular density and topologies, especially in urban environment the traffic density may be time varying, and the traffic congestion are mostly caused from an intersection point with traffic lights [1] ,so it is necessary to consider all these circumstances in the traffic modeling as well. 
The proposed scenario is shown as in Fig.2, here the traffic modeling of the urban scenarios are extended including the origin-destination points , the traffic density of different lanes and time changing moving directions.  


Fig.2 The more practical urban scenario
The time varying traffic density and speed of different directions in the urban scenario
The speed of Uniform distribution between [50, 60] km/h is not so practical especially when encountering traffic jams, and the traffic intensity of different driving directions are not balanced, so three cases are proposed here to be fully evaluated. 
a. Balanced traffic density without traffic congestions
The original assumption of the traffic modeling represents the smooth driving case of the urban streets, the vehicle intensity could follow the Poisson distribution with a traffic density of 18 car/km/lane with uniform distribution between [50, 60] km/h.
b. Unbalanced traffic density with different traffic speeds

As demonstrated in Fig.2, it is a very usual case in urban area when the traffic from the left to the right on the lane is much denser than the opposite direction, for instance, in a weekly morning, the traffic flow is much more intensive from the suburban to the downtown in Beijing. This case need to be taken into consideration to evaluate the performance of the unbalanced traffic density. Although the vehicles of different driving direction do not need to communicate with each other for safety concerns, the information transmission, resource allocation and relaying algorithms need to consider the unbalanced traffic density. When modeling the unbalanced traffic density case, the cars driving at one direction could be assumed smooth with a relatively high speed at low density, the vehicle intensity could follow the Poisson distribution with a traffic density of 18 car/km/lane with uniform distribution between [50, 60] km/h, and the cars driving at the other direction could be modeled according to the Lighthill-Whitham and Richards (LWR) model describing the conservation of the number of vehicles along the road [2], in this model, it is assumed that tthe traffic density with the worst case can be expressed as . For example, if we assume the length of the car is 5m, the 25% medium size car is 10m length, and the vehicular speed is distributed uniformly between [0, 10] km/h, the traffic density would be up to 150 car/km/lane. 
c. Balanced traffic density with traffic congestions 
The traffic of both direction encountering traffic jams need to be considered, because it may be the bottleneck of the performance of vehicle communication, In this case, the traffic density of both directions would be up to 150 car/km/lane, with a uniform speed distribution between [0, 10] km/h. 
The intersections should be taken into consideration for the traffic modeling in urban scenario.
The intersections need to be considered in the traffic modeling not only because they may cause traffic congestion, but also the traffic lights are significantly affecting the traffic density and driving speed. As demonstrated in Fig.2, the vehicles in urban scenario are not always driving in a straight way, they may change the direction when encountering the intersections. 

In order to simplify the modeling, we assume there are totally vehicles in the intersection areas, the movement of each node will follow regulated steps of the traffic lights, which could be modeled as discrete time markov chain (DTMC) model [3]. As shown in Fig.3, the intersection could be divided into four directions, each vehicle chooses its next direction following a Markov chain whose probabilities are calculated based on weights of road segments attraction, or simply use the same value. The mobile nodes in every direction are divided into three groups, set to D = {left, right, straight}, on behalf of turn left, turn right and go straight respectively, then an intersection is divided into twelve group, set to



M= {N→E, N→S, N→W, S→W, S→N, S→E，W→N, W→E, W→S, E→S, E→W, E→N}, each direction has corresponding transition probability, which represents transition probability of direction a group belongs to in the course of driving, for example,  represents the ratio between the number of nodes from north to south and the total numbr of nodes from north and .When the traffic light is red at one direction, the traffic speed could be set as 0, on the other hand, when the traffic light turns to green, the speed could be set uniformly from [0, 10] km/h. After all the transition finished, the traffic density will be calculated again for each lane, and the traffic speed is changed accordingly. 
[image: ]
Fig.3 the vehicular mobility at the intersection
Conclusion
In this contribution, we give our views of traffic modeling extension for urban scenarios, considering the time varying traffic density in different lanes, and special case of the intersections with traffic light. For the traffic density in different lanes are time vaying, we propose three cases, including balanced traffic density without traffic congestions, unbanlanced traffic density with different traffic speads, and balanced traffic density with traffic conjestion. For the special case of intersections with traffic light, we propose a Markov chain with different probability to model the practical traffic of intersections.
References
[1] Qiu, H.; Ho, I.; Tse, M.; Xie, Y., "A Methodology for Studying 802.11p VANET Broadcasting Performance with Practical Vehicle Distribution," Vehicular Technology, IEEE Transactions on , vol.PP, no.99, pp.1,1
[2] Xin Li; Huapu Lu, "An Extension of LWR Model Considering Slope and Heterogeneous Drivers," Computational and Information Sciences (ICCIS), 2010 International Conference on , vol., no., pp.1236,1240, 17-19 Dec. 2010
[3] Tang, Hengliang; Wu, Hao; Qian, Xingyu, "A Novel Routing Strategy at Intersections in Vehicular Ad Hoc Network," Wireless Communications, Networking and Mobile Computing (WiCOM), 2012 8th International Conference on , vol., no., pp.1,4, 21-23 Sept. 2012
oleObject1.bin
�


image3.wmf
lengthofcar

lengthoflane


oleObject2.bin

image4.wmf
N


oleObject3.bin

image5.wmf
ij

p


oleObject4.bin

image6.wmf
NS

P


oleObject5.bin

image7.wmf
1

NENSNW

PPP

++=


oleObject6.bin

image8.png




image1.jpeg




image2.emf
Bus station

Buildlings

Buildlings


