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1. Introduction
At the RAN#68 meeting, a SID on LTE-based V2X Services was agreed [1]. In particular, it includes the following objective: 

The objectives of this study are to evaluate new functionalities needed to operate LTE-based V2X (V2V, V2I/N, and V2P), and to investigate potential enhancements for vehicular services defined in [SA1 TR: TR 22.885]. The study should cover LTE-based V2X both with and without LTE network coverage, and cover both the operating scenario where the carrier(s) is/are dedicated to LTE-based V2X services (subject to regional regulation and operator policy including the possibility of being shared by multiple operators) and the operating scenario where the carrier(s) is/are licensed spectrum and also used for normal LTE operation.

In this contribution, we discuss simulation evaluation methodology for V2X. 
2. Deployment scenarios

Based on vehicle’s environment and interference situation, V2X can be used for many deployment scenarios, such as urban highway, suburban highway, parking lot, road crossing etc. Considering the complexity of simulation work, it is impossible to evaluate all the scenarios involved. Therefore, it is important to choose some typical scenarios for evaluation.  Within the above mentioned scenarios, typically urban highway, highway, road crossing are the most common deployment scenarios. Furthermore, road crossing scenario can be included in the urban scenario. Therefore, the scenarios that need to be evaluated can be reduced to only two scenarios: Highway scenario and urban scenario. These two scenarios can cover most of V2V deployment requirement in TR 22.885.
2.1 Highway scenario
Scenario description 
The highway scenario is composed of 6 lanes, 3 lanes/direction, whose length and width are 2000 meters and 3.75 meters respectively. In order to evaluate the relative speed of 280Km/h in [1], we assume that the vehicle speed is 140 km/h. In addition, wraparound which role is to make the interference of vehicles at the edge of the simulation area more realistic in the simulation is used. 
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Figure 1 Highway scenario
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 Figure 2 Wraparound for highway scenario
Dropping RSUs and vehicles as well as the density modeling

Base on the definition of low and medium density in [2], we propose that the freeway scenario is divided into the low density and the high density scenario, relative parameters of which are shown in Table 1. For more realistic modelling of V2X interference, in addition to reasonable vehicle density, it is also required to consider a more reasonable distribution of vehicles. Under a fixed number of vehicles per lane, companies need to model the non-uniform distribution of the vehicles and minimum distance between vehicles in order to simulate more realistic interference.
In order to meet the above requirements, the method of dropping vehicles is described as follows:
1） Initialize n=0, 
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. Set N as number of vehicles for each lane, L as length of lanes and V as the speed of vehicles.
2） If the number of vehicles dropped in current lane is less than N, go to step 3). Otherwise, go to step 5);

3） The departure time [image: image5.wmf]n
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 and position of the n vehicle is generated according to the Poisson distribution, where the original point of departure for each lane is shown in figure 1 and the starting time for the Poisson distribution is at the moment of 
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. Here, the snapshot time T is large enough, so that it can be guaranteed that T is greater than last departure time and [image: image10.wmf](
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 for the first vehicle is not significantly less than L. After the above dropping, go to step 4). 
4） If the distance between the n vehicle and vehicles dropped in current lane is less than a threshold, go to step 3). Otherwise, set n=n+1 and go to step 2)；
5） Terminate the dropping of vehicles on the current lane .
When V2I is evaluated, location of RSUs is shown in Figure 1. In reality, RSUs are usually not too close to the lanes. Considering the above factors, we assume that the distance between the RSUs and the nearest lane is 50 meters in the V2X simulation.
Table 1 Assumptions in highway scenario
	Parameter
	Assumptions

	Speed
	Sparse density
	140Km/h

	
	Dense density
	60Km/h

	Vehicle density
	Sparse density
	20 cars per lane

	
	Dense density
	45 cars per lane

	Minimum distance between cars
	Sparse density
	50 m

	
	Dense density
	20 m

	Poisson distribution λ
	0.38

	Snapshot time T
	1000 s

	Distance between the RSUs
	1000 m

	RSU height
	35 m

	Distance between RSUs and the nearest lane
	50 m


Mobility Modeling

Questions has been raised about whether to model mobility in the simulation. In RAN1 performance evaluations, mobility modeling is normally not needed, due to the fact that the mobile speed is not high enough to significantly change the pathloss and shadow fading during which enough fast fading characteristics are already captured. In another word, the scheduler behavior would not differ much whether the mobility is modeled or not. In this sense the need to model mobility is influenced by the time scale of the simulation, for example mobility modeling is important in RAN2 mobility management study since the time scale of RRC signaling is comparable to the changing rate of pathloss/shadow fading. For V2V simulation in RAN 1, the necessity of mobility modeling in RAN1 does not seem strong due to two reasons. First,  Mode 2 communication is autonomous and the HARQ is blind, i.e., there is no "memory", nor the link adaptation, everything is like a "snap-shot" where even fast fading modeling may not be that important. Secondly, considering the latency requirement, the time to finish the transmission of a packet would be quite short, during which pathloss and shadow fading would barely. Therefore, we propose that no mobility is modeled in this simulation.
2.2 Urban scenario
Scenario description 
In the urban scenario, the simulation area is composed of horizontal two-way four-lane, vertical two-way two-lane and 2 radio-blocking buildings, as shown in Figure 3. The width of both the vertical and horizontal lanes is 3.75 meters, and their length is 1007.5 and 515 meters respectively. The simulation area also includes radio-blocking buildings, each of which is 500 meters long and 500 meters wide.
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Figure 3 Urban scenario
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Figure 4 Wraparound for urban scenario
Dropping RSUs and vehicles as well as the density modeling

For the dropping of vehicles, the position of vehicle is generated according to the Poisson distribution, and the minimum distance between the vehicles is not less than 20 meters. The method of dropping vehicles has been described in previous sections. When V2I is evaluated, dropping about RSUs is shown in Figure 3, which shows that each RSU is located in the center of each building area and its height is 25 meters.

Table 2 Assumptions in urban scenario
	Parameter
	Assumptions

	Speed
	60Km/h

	Vehicle density
	20 cars per level lane

20 cars per vertical lane  

	Minimum distance between cars
	20 m

	Poisson distribution λ
	0.33

	RSU position
	2 RSUs, each of which is located in the center of the building area

	RSU height
	25 m


Mobility Modeling

For the same reason as statement in the previous section, we suggest no mobility modeling in the simulation.
Proposal 1：For the V2X simulation, both highway and urban scenario need to be evaluated.
Proposal 2: Mobility Modelling is not mandated in V2V simulation.
3. Channel model
Highway scenario
When the height of different vehicles is the same, as a result of the antenna is usually placed on the top of vehicles, V2V links can be considered as LOS links. Considering the different height of vehicles, we think that the difference between V2V channel and LOS channels is also not obvious. This conclusion is based on this phenomenon that the distance between vehicles is not usually less than a threshold, therefore, the blocking of signal from other vehicles is not too serious. According to the above discussion, the V2V channel has a lot of similarities with the TR.36.843 O2O LOS channel, for example, O2O link, LOS channel and similar antenna height, so we propose that TR.36.843 O2O LOS channel is reused for V2V pathloss and fast fading with a carrier frequency of 5.9GHz. According to [3], Doppler spectrum that captures dual mobility into account should be considered for the V2V simulation. Additional modifications needed to incorporate changes in Doppler modeling due to dual mobility are described in Section A.2.1.2.1 in [4], and further study can be undertaken on the dual-scattering described in [3]. Considering the standard deviation of the shadow fading for LOS channel is usually small, we assume that the standard deviation is 3 dB for shadow fading. According to the above discussion, the V2V channel model is shown in Table 3.

In addition, we believe that the link-level channel should not be used for V2V system simulation. Although the link-level simulation channel can improve the simulation speed in a certain extent, the channel and the real channel does not match, for example, all links have almost the same fast fading channel. Moreover, although the number of V2V links is much, it is much less than that of D2D discovery simulation in [4]. D2D discovery simulation did not sacrifice accuracy of fast fading only to reduce the computational complexity. For V2V system-level simulation, the number of links is less than that of D2D discovery simulation, and it is not necessary to use the link level channel model to reduce the computational complexity. On the other hand, although the number of links in V2V simulation is large, it does not need to model the fast fading channels for all the V2V links by setting the number of strong power links.
If V2I needs to be evaluated, the RMA channel model in [5] is used to evaluate it, with a carrier frequency of 5.9GHz.
Table 3 Channel model for highway scenario
	Parameter
	Assumptions(Fc=5.9GHz)

	RSU-Vehicle
	ITU-R M.2135 UMA

	Vehicle-Vehicle
	Pathloss
	TR 36.843 O2O LOS

	
	Shadowing
	Standard deviation 3 dB, log-normal, i.i.d. 

	
	Fast Fading
	TR 36.843 O2O LOS


Urban scenario
For V2V in the same street, the signal is mainly blocked by vehicles and the blocking of signal from them is not very serious. Hence, V2V channel can be considered as LOS channel in the same street. Due to the blocking from buildings, V2V channel can be considered as NLOS channel in the vertical streets.
For V2V in the same street, it belongs to the O2O LOS channel, and the antenna height of vehicles is similar to that of UEs. Hence, we suggest that TR 36.843 O2O LOS pathloss is reused for the V2V in the same street. For vertical streets, V2V and Winner+ B1 pathloss based on Manhattan layout has some similarities and their antenna height is lower than surrounding buildings. Energy reaches NLOS streets as a result of the propagation around corners, through buildings, and between them. Based on the above discussion, we suggest that pathloss modeling method based on Manhattan layout is used in the different streets, where TR 36.843 O2O LOS pathloss is reused for the LOS pathloss.
Compared with O2O shadow fading in TR.36.843, shadow fading of V2V in the urban scene has no obvious difference than it, so we suggest that the reuse of TR 36.843 O2O shadow fading is reused.
According to the previous discussion, V2V links in the same street are O2O LOS links and antenna height of vehicles is similar to that of UE. Hence, multipath environment is similar between V2V in the same street and TR 36.843 LOS O2O fast fading channel, and we suggest that TR 36.843 O2O LOS fast fading channel is reused for V2V in the same street. Similarly, multipath environment is similar between V2V in the vertical streets and TR 36.843 O2O NLOS fast fading channel, and we suggest that TR 36.843 O2O NLOS fast fading channel is reused for V2V in the vertical streets. For V2I channel, we suggest UMA channel model in [5] is reused, in which RSU is higher than surrounding buildings.
Table 4 Channel model for urban scenario
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=5.9 GHz)

	V2I
	ITU-R M.2135 UMA

	V2V
	Pathloss
	TR 36.843 O2O LOS Pathloss Model (Two vehicles are in the same street) ：
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	Modified Manhattan path loss model(Two vehicles are in the vertical streets ) ：
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 is the path loss of V2V LOS and  k,l ( {1,2}.

	
	Shadowing
	Standard deviation 7 dB, log-normal, i.i.d.

	
	Fast Fading
	Two vehicles are in the same street：TR 36.843 O2O LOS 

Two vehicles are in the vertical streets：TR 36.843 O2O NLOS


Proposal 3 : Reuse the pathloss and fading model in TR36.843 in both Urban and Highway scenario with modification for Urban vertical street scenario.
4. Conclusions

In this contribution, the simulation evaluation methodology for V2X is discussed. Based on the discussion, we have the following proposals.

Proposal 1：For the V2X simulation, both highway and urban scenario need to be evaluated.
Proposal 2: Mobility Modelling is not mandated in V2V simulation.
Proposal 3 : Reuse the pathloss and fading model in TR36.843 in both Urban and Highway scenario with modification for Urban vertical street scenario.
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Appendix A: Link-level Simulation Assumptions
	Parameter 
	Assumptions

	System bandwidth 
	10 MHz 

	Carrier frequency 
	5.9 GHz 

	Antenna configuration 
	1 TX and 2 RX 

	Channel model 
	TR 36.843 ITU-R UMi CDL LOS/NLOS model 

	TBS
	300 Bytes 

	Modulation 
	QPSK, code rate ~=1/2 

	GP 
	Yes 

	UE absolute  speed 
	{60(vertical direction), 140(same direction), 140(opposite direction )} km/h 


Appendix B: System-level Simulation Assumptions

	Parameter 
	Assumptions

	System bandwidth 
	10MHz 

	Carrier Frequency 
	5.9GHz 

	Tx power 
	23 dBm 

	Noise figure 
	9 dB

	Vehicle  Antenna Pattern 
	Omni and 0 dBi gain 

	RSU  Antenna Pattern 
	Directional antenna ，17dBi maximum gain 

	Vehicle Antenna Number 
	1 TX and 2 RX 

	RSU Antenna Number 
	2 TX and 2 RX 

	ISD in Highway 
	1000 m 

	ISD in Urban 
	about 500m 

	IBE model 
	{3,6,3,3} 

	Thermal noise level 
	–174 dBm/Hz
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