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1 Introduction
At the last RAN meeting, a new SID of LTE V2X was approved. The objectives of the SID are as follows [1]: 

1) To define the evaluation methodology for LTE-based V2V, V2I/N and V2P services to compare the performance of different technical options, including the following aspects: [RAN1]

a) Deployment scenarios, considering the above operating scenarios
b) Modeling of vehicle density and mobility 

c) Traffic models and performance metric

At least the aspects of the methodology relevant to PC5 for V2V shall target RAN#69, to enable completion of objective 2.
In this contribution, we focus on discussion of the deployment scenarios, vehicle mobility and density, and channel model of V2V. 
2 System level evaluation methodology for V2V
5 scenarios were listed in SA1 [2] and are shown in table 1:
Table 1 5 scenarios from SA1
	
	Effective range
	Absolute velocity of a UE supporting V2X Services
	Relative velocity between 2 UEs supporting V2X Services
	Maximum tolerable latency
	Minimum application layer message reception reliability

	#1 (suburban)
	200m
	50kmph
	100kmph
	100ms
	90%

	#2 (freeway)
	320m
	160kmph
	280kmph
	100ms
	80%

	#3 (autobahn)
	320m
	280kmph
	280kmph
	100ms
	80%

	#4 (NLOS / urban)
	100m
	50kmph
	100kmph
	100ms
	90%

	#5 (urban intersection)
	50m
	50kmph
	100kmph
	100ms
	95%


Usually typical scenarios are selected for evaluation in order to limit the  simulation workload while still covering the most representative cases. For example, during the Rel-12 D2D study phase, a couple of layouts out of 6 options were actually used for the evaluation. Therefore, we suggest to consider two scenarios that cover the most important cases for V2V urban scenario with LOS, NLOS, and intersection, as well as the freeway scenario. This is consistent with what has been done in CCSA[3] (highway) and ETSI[4] (highway).

Proposal 1: Urban scenario and freeway scenario (as defined) are selected for system level evaluation.  
2.1 Common simulation parameters

5.9G dedicated carrier can be a starting point as explained in a companion contribution [5]. 
In 3GPP, two ISD values have been traditionally used: 500m and 1732m. In an urban environment, the eNBs deployment is typically dense, thus 500m (case 1)[6] is chosen for the ISD. For freeway environments, the eNBs are sparser, so 1732m (case 3) [6] is chosen. 
Other parameters are referenced to D2D [7]. The common simulation parameters are listed in table 2 below.

Table 2 Simulation parameters
	Parameter 
	value 

	Carrier Frequency 
	5.9GHz 

	System bandwidth 
	10MHz /carrier

	UE Tx power 
	23 dBm 

	Noise figure 
	9 dB 

	Antenna Pattern 
	Omni 

	Antenna gain 
	0 dbi 

	Number of Antennas 
	1 TX and 2 RX 

	ISD in Urban 
	500m (case 1)[6]

	ISD in Freeway 
	1732m (case 3)[6]


Proposal 2: The simulation parameters in table 1 are proposed for system level evaluation.  

2.2 Urban scenario
As mentioned previously, both ETSI and CCSA investigated urban scenario. In this section, all the parameters needed in a simulation will be discussed with reference to the report of D2D[7], CCSA[3] and ETSI[4]. 
2.2.1 eNB layout with urban roads
The urban scenario is a grid. CCSA uses a 600m x600m grid while ETSI uses a much smaller grid of 150m x 150m.  600m x 600m grid is considered closer to the actual block size, at least as far as main artery roads are considered, therefore 600m x 600m grid (block size 560m + distance between blocks 40m ) is selected. In order to have a seamless coverage by hexagonal cells, a scale-down of the length and width of the blocks to 460m and 393m respectively is used.  In figure 1 below part of a basic simulation region (2000m x 1732m) is shown: 1000m x 866m. There are 2 lanes in each direction, 4 lanes in total[3][4]. The width of a lane is 3.75m according to CCSA.
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Figure 1 eNB layout with urban roads(and blocks) 1000m x 866m(basic simulation region 2000m x 1732m)
[image: image2.emf]
Figure 2 Wrapping around with the basic simulation region (2000m x 1732m) in the center
In order to provide meaningful simulation results, wrapping around should be used to eliminate edge effects. Given that the deployment is square, wrapping around should also occur on a square, as shown in figure 2. The simulation region is surrounded by 8 equal size regions.
Proposal 3:eNB layout with urban roads and wrapping around are according to figure 1 and figure 2.  
2.2.2 Mobility and density
As listed in Table 1, the speed for urban scenario at 50 km/h. Both ETSI and CCSA have speed distributions in their report, where Gaussian distribution and Uniform distribution are used respectively. We have a slight preference for Gaussian distribution because generally speaking it is closer to reality. Once a speed range is given in addition to the average 50 km/h, a vehicle speed in a simulation can be simply obtained according to the selected distribution. For example, if the speed range is 
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 km/h, then roughly a 2km/h standard deviation can cover the speed range (3 
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rule) if Gaussian distribution assumed. In Urban scenario, 
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km/h speed range is reasonable and a similar range was adopted by CCSA. Each lane follows the same speed distribution independently. A vehicle speed is constant after dropping in a simulation run. Overtaking and turning are not considered.


[image: image6]
Figure 3 The mobility model in urban scenario
The vehicles appear Poisson distributed on a lane according to CCSA[3] and ETSI[4],with an average speed of 50 km/h. The average time interval between two successive vehicles can correspond to a vehicle density. For example, assume the average time interval is about 5s (
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), average density of the 4 lanes is about 13vehicles/km/lane at an average speed of 50 km/h. 
Proposal 4: In urban scenario, the speed is modeled by a Gaussian distribution with a 50 km/h average speed and a 2 km/h standard deviation. UE dropping follows Poisson distribution with the average time interval 5s (
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) corresponding to the vehicle density assumption of 13vehicles/km/lane.
2.2.3 Channel model

Three channel models are defined for D2D[7]: Outdoor to Outdoor, Outdoor to Indoor, and Indoor to Indoor. The Outdoor to Outdoor scenario can be a candidate here for urban scenario since the physical characteristics of V2V (e.g., antenna heights) are similar to D2D. The Manhattan channel model [3] obtains similar path loss value as WINNER+ Hexagonal channel model[9](without D2D NLOS offset) shown in figure 6 in Appendix.  The path loss difference of the two models compared to the absolute path loss value are quite similar. Furthermore, D2D Outdoor to Outdoor model can be expected to have similar path loss value like Manhattan model if the offset (e.g. -5dB introduced for D2D NLOS) of Manhattan model would be discussed and defined.   

Consequently, it is better to reuse the existing 3GPP D2D Outdoor to Outdoor model so as to save RAN1 effort and time. The details are shown in Table 3. Instead of NLOS occurring according to a probability in D2D, in case of V2V, NLOS path loss model is used when in an intersection the line connecting two UEs on crossed roads is through a building. 

Table 3 Parameters of channel model for urban scenario[7]
	
	Urban

	Pathloss
	PL_B1_tot(d) = max(PLfreespace(d), PL_B1(d))

where

d is distance between vehicles

PLfreespace is free space path loss 

PL_B1 is the Winner + B1 channel model for hexagonal layout with the following offsets

· LOS offset = 0 dB

· NLOS offset = -5 dB

While calculating Winner + B1 pathloss the following  values shall be used

h_vehicle = h_BS = h_MS = 1.5m, h_vehicle ‘= h_BS' = h_MS' = 0.8m 

	Shadowing 
standard 
deviation
	7 dB log-normal

	Shadowing
correlation
	i.i.d.


Proposal 5: The channel model and parameters in table 2 of 3GPP D2D Outdoor to Outdoor channel model are used for urban scenario.  

2.3 Freeway scenario

2.3.1 eNB layout with freeway roads

[image: image9]
Figure 4 eNB layout with freeway roads
A basic simulation region of 2 x 1732m is shown in figure 4 where eNBs are deployed along the roads 35m away. There are 3 lanes in each direction, 6 lanes in total. The width of a lane is 3.75m. Most settings and parameters come from CCSA [3] except ISD value.The wrapping around is obtained by duplicating the center region to the left and right as shown in figure 4. 
Proposal 6: eNB layout with freeway roads and wrapping around are according to figure 4.  

2.3.2 Mobility and density
According to CCSA and ETSI, the speeds of different lanes are different. In CCSA, the range of speed is about 60km/h~120km/h. In ETSI, the range of speed is about 70km/h~140km/h, while in table 1, the maximum speed is 160km/h. In order to cover most cases of different regions, the range can be set as 70km/h~160km/h with even speed range of 30km/h between lanes: 70km/h~100km/h, 100km/h~130km/h, and 130km/h~160km/h. The average speeds of each lane are 85km/h, 115km/h, 145km/h respectively. Similarly as in section 2.2.2, with the average speed and speed range of a lane, the standard deviation of Gaussian distribution obtained according to 3
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 rule is 5km/h. Each lane will follow its own speed distribution independently. A vehicle’s speed is constant after dropping in a simulation run. Overtaking and turning are not considered. 

[image: image11]
Figure 5 The mobility model for the freeway scenario
The vehicles appear Poisson distributed at the entrance of a lane. As the average speed is given at 85km/h, 115 km/h, and 145 km/h, average time interval between two successive vehicles can correspond to a vehicle density. Both high density and low density are considered by CCSA[3] and ETSI[4]. According to [8], 4 vehicle densities are defined with its corresponding speeds. Since the average speed is equal to or higher than 85km/h, the first two densities named service level 1 and service level 2 are selected, which are 7 vehicles/km/lane (only small-sized cars) and 18 vehicles/km/lane in highway (only small-sized car). The densities of two service levels are reduced slightly to 5vehicles/km/lane and 13vehicles/km/lane after considering different-sized vehicles on roads. With these density examples, the average time intervals (
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) can be calculated as about 6.5s and 2.5s, respectively. The average density and the average time interval between two successive vehicles are listed in the table 4 below.
Table 4 Average density and average time interval in two conditions
	
	Average density
	Average time interval (
[image: image13.wmf]l
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)

	High density
	~13vehicles/km/lane 
	~2.5s

	Low density
	~5vehicles/km/lane 
	~6.5s


Proposal 7: In freeway scenario, speeds of 3 same-direction lanes are Gaussian distributions with average speed of 85km/h, 115km/h and 145km/h respectively and a 5km/h standard deviation. UE dropping follows Poisson distribution with the average time intervals 2.5s and 6.5s (
[image: image14.wmf]l
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) corresponding to the vehicle density assumption of 13vehicles/km/lane and 5vehicles/km/lane. 
2.3.3 Channel model
The dual-slope path loss model proposed by both CCSA[3] and ETSI [4]  is used:
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The parameters of the path loss model are listed in table 5.
Table 5 Parameters of channel model for freeway scenario
	Parameter
	Value

	Path gain
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	1.9

	Path gain
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	3.8

	Cut off distance
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	80

	Reference distance
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	10

	Wave length
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	0.0508


The shadowing fading used by CCSA[3] is  
2.5 dB log-normal  (
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Proposal 8: In freeway scenario, dual-slope path loss model is used with parameter details in table 5 and shadowing fading 2.5 dB log-normal (
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3 Conclusions
In this contribution, deployment scenarios, vehicle mobility and density, and channel model of system level simulation are discussed. The following proposals are given.

Proposal 1: Urban scenario and freeway scenario are selected for system level evaluation.
Proposal 2: The simulation parameters in table 1 are proposed for system level evaluation.
Proposal 3: eNB layout with urban roads and wrapping around are according to figure 1 and figure 2.  
Proposal 4: In urban scenario, the speed is modeled by a Gaussian distribution with a 50km/h average speed and a 2km/h standard deviation. UE dropping follows Poisson distribution with the average time interval 5s (
[image: image26.wmf]l
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) corresponding to the vehicle density assumption of 13vehicles/km/lane.   

Proposal 5: The channel model and parameters in table 2 of 3GPP D2D Outdoor to Outdoor channel model are used for urban scenario.
Proposal 6: eNB layout with freeway roads and wrapping around are according to figure 4. 
Proposal 7: In freeway scenario, speeds of 3 same-direction lanes are Gaussian distributions with average speed of 85km/h, 115km/h and 145km/h respectively and a 5km/h standard deviation. UE dropping follows Poisson distribution with the average time intervals 2.5s and 6.5s (
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) corresponding to the vehicle density assumption of 13vehicles/km/lane and 5vehicles/km/lane..
Proposal 8: In freeway scenario, dual-slope path loss model is used with parameter details in table 5 and shadowing fading 2.5 dB log-normal (
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---------------------------------------------------Start of Text Proposal----------------------------------------------
X: Simulation model
X.1

System simulation Scenarios

Urban scenario and freeway scenario are selected for system level evaluation[2].

X.1.1

Common simulation parameters
The simulation parameters in table X.1.1-1 are used for system level evaluation.

Table X.1.1-1: Common simulation parameters
	Parameter 
	value 

	Carrier Frequency 
	5.9GHz 

	System bandwidth 
	10MHz /carrier

	UE Tx power 
	23 dBm 

	Noise figure 
	9 dB 

	Antenna Pattern 
	Omni 

	Antenna gain 
	0 dbi 

	Number of Antennas 
	1 TX and 2 RX 

	ISD in Urban 
	500m (case 1)[36.814]

	ISD in Freeway 
	1732m (case 3)[36.814]


X.1.1.1
 Urban scenario

X.1.1.1.1 eNB layout with urban roads
eNB layout with urban roads is according to figure X.1.1.1.1-1 and the wrapping around is according to figure X.1.1.1.1-2. The size of simulation region is 2000m x 1732m, the size of block is 460m x 393m, the distance between blocks is 40m. There are 2 lanes in each direction, 4 lanes in total. The width of a lane is 3.75m. For wrapping around, the simulation region is surrounded by 8 equal size regions.
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Figure X.1.1.1.1-1: eNB layout with urban roads (and blocks) 1000m x 866m (basic simulation region 2000m x 1732m)

[image: image31.emf]
Figure X.1.1.1.1-2: Wrapping around with the basic simulation region (2000m x 1732m) in the center

X.1.1.1.2 Mobility and density

In urban scenario, the speed is modeled by a Gaussian distribution with a 50 km/h average speed, and a 2 km/h standard deviation. UE dropping follows Poisson distribution with the average time interval 5s (
[image: image32.wmf]l
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) corresponding to the vehicle density assumption of 13vehicles/km/lane. 
X.1.1.1.3 Channel model

The channel model and parameters in table X.2.1.1.3-1 of 3GPP D2D Outdoor to Outdoor channel model are used for urban scenario.

Table X.1.1.1.3-1: Parameters of channel model for urban scenario
	
	Urban

	Pathloss
	PL_B1_tot(d) = max(PLfreespace(d), PL_B1(d))

where

d is distance between vehicles

PLfreespace is free space path loss 

PL_B1 is the Winner + B1 channel model for hexagonal layout with the following offsets

· LOS offset = 0 dB

· NLOS offset = -5 dB

While calculating Winner + B1 pathloss the following  values shall be used

h_vehicle = h_BS = h_MS = 1.5m, h_vehicle ‘= h_BS' = h_MS' = 0.8m 

	Shadowing 
standard 
deviation
	7 dB log-normal

	Shadowing
correlation
	i.i.d.


X.1.1.2
 Freeway scenario

X.1.1.2.1 eNB layout with freeway roads
eNB layout with freeway roads and wrapping around are according to figure X.1.1.2.1-1. A basic simulation region is 2 x 1732m where eNBs are deployed along the roads. There are 3 lanes in each direction, 6 lanes in total. The eNBs are 35m away from the road.The width of a lane is 3.75m. The wrapping around is obtained by duplicating the center region to the left and right. 

[image: image33]
Figure X.1.1.2.1-1: eNB layout and wrapping around with freeway roads

X.1.1.2.2 Mobility and density

In freeway scenario, speeds of 3 same-direction lanes are Gaussian distributions with average speed of 85km/h, 115km/h and 145km/h respectively and a 5km/h standard deviation. UE dropping follows Poisson distribution with the average time intervals 2.5s and 6.5s (
[image: image34.wmf]l
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) corresponding to the vehicle density assumption of 13vehicles/km/lane and 5vehicles/km/lane. 
X.1.1.2.3 Channel model

In freeway scenario, dual-slope path loss model is used:
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The parameters of the path loss model are listed in table X.2.1.2.3-1.

Table X.1.1.2.3-1: Parameters of channel model of freeway scenario
	Parameter
	Value

	Path gain
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	1.9

	Path gain
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	3.8

	Cut off distance
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[image: image41.wmf]l

 (m)
	0.0508


The shadowing fading is:

2.5 dB log-normal (
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--------------------------------------------------End of Text Proposal----------------------------------------------
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Appendix
The comparison of Manhattan[9] and hexagonal model[9] is provided. In this section, notations from [9] are used.
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Figure 6 Comparison of Manhattan v.s. hexagonal model

As shown in figure 6, there is less than 5dB path loss difference between the two models. 
Note that the red curve of Manhattan model in figure 6 is plotted by 
[image: image45.wmf]2

1

d

d

=

, and the red curve will be even closer to the blue one if 
[image: image46.wmf]2

1

d

d

¹

. 












v1=85km/h





v2=115km/h





v3=145km/h





v2=115km/h





v1=85km/h





130km/h





70km/h





v3=145km/h





Wrapping around region





Wrapping around region





Simulation region=2ISD=3464m





ISD=1732mm





v=50km/h





v=50km/h





100km/h





v=50km/h





70km/h





100km/h





130km/h





Wrapping around region








160km/h





160km/h





ISD=1732m








Wrapping around region





Simulation region=2ISD=3464m





v=50km/h




















1

[image: image47.png]


[image: image48.png]]



[image: image49.png]3



[image: image50.png]),



[image: image51.png]


[image: image52.png]’)



[image: image53.png]


_1500904480.unknown

_1500983545.unknown

_1500998460.vsd
460m


40m


393m


2 lanes in each direction
4 lanes in total



_1500904760.unknown

_1499877219.unknown

_1499877645.unknown

_1500904095.unknown

_1499878887.unknown

_1499878903.unknown

_1499877663.unknown

_1499877261.unknown

_1499877283.unknown

_1499877231.unknown

_1499876907.unknown

_1499877202.unknown

_1499876812.unknown

