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1
Introduction
LTE based V2X services RAN study item was recently approved [1]. In this contribution we discuss deployment models for V2V. Our contribution is motivated by the deployment models proposed in the ETSI technical report [2] and is focussed on PC5 modelling of V2V. This contribution is structured in the following manner.
· Section 2 discusses details of deployment scenarios

· Section 3 concludes the contribution
2
Deployment Scenarios
2.1 Deployment Coverage 

The primary purpose of V2V is safety and the design needs to work without network coverage. Therefore we propose that V2V should prioritize out of coverage scenario. Note that techniques used for out of coverage scenario can be reused in coverage therefore in coverage design will also be covered. Enhancements that are possible in coverage are optimizations that can be discussed later during the study.
Proposal 1: Out of coverage scenario should be prioritized and a baseline design for the scenario should be developed.
For both out of coverage and in coverage scenarios we propose that the timing be received from GNSS. Furthermore it can also be assumed that the vehicles also know the location. Both these assumptions are reasonable because safety messages transmitted as part of V2V contain location.
Proposal 2: UE is assumed to have timing and location provided from GNSS.

2.2 Highway Scenario
This deployment scenario is motivated from Section 7.3.1.2 of [2]. We propose to model a high speed highway. This is illustrated in the Figure 1 below. 
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Figure 1: Highway scenario
We propose a 6 lane highway with where each lane is 4m wide and the length of the highway is 2000m. The top three lanes are for vehicles travelling from left to right while the bottom three lanes are for vehicles travelling in opposite direction. We further propose that there should be wrap around along the highways.

The cars should be uniformly dropped in the highway. We propose that a total of 300, 600 and 900 cars be dropped on the highway. This will allow us to understand the performance at different densities. It is important to understand performance at high density because the main purpose of V2V is safety.

The speed of the cars is set to 140km/hr. This is to achieve the maximum relative speed of 280km/hr as suggested by SA1 requirements [3]. 

Proposal 3: Use the Highway scenario proposed as one of the simulation scenarios.
2.3 Urban Scenario
For urban scenario we consider a T junction intersection as described in Section 7.3.3.1 of [2]. We propose that the intersection of 2 lanes by 4 lanes by simulated. This is illustrated in Figure 2 below. 
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Figure 2: Urban scenario
We propose a drop of 516m by 1000m. Each lane is 4m wide. On the road from top to bottom the left lane is for vehicles moving from top to bottom while the right lane is used for vehicles moving from top to bottom. For the other road the bottom two lanes are for traffic going from left to right while the top two lanes are used for traffic going from right to left. No wrap around is simulated. 
Similar to highway drop vehicles are dropped uniformly on the road except the intersection area of 16m by 8m where no cars are dropped. We would again like to simulate different densities and propose that the number of cars being dropped be 125, 250 and 500. 

The speed of cars should be set to 50 km/hr or lower. This is more in line with urban traffic speeds.
Proposal 4: Use the Urban scenario proposed as one of the simulation scenarios.
2.4 Mobility Consideration

Since we are simulating vehicular traffic there is good motivation to simulate actual mobility. However simulating actual mobility is quite challenging both in terms of implementation complexity and the time taken for simulations to complete. In our experience mobility slows a simulation by a factor of 5 to 10 times. Therefore we propose that actual mobility should be not be simulated. Instead some part of the mobility can be modelled by taking into account the relative speed between cars and using link curves that take into account such relative speeds. We note that there may be scenarios where simulating actual mobility may provide more insight. However such cases can be simulated on a case by case by individual companies and should not be baseline assumption. We further note that historically 3GPP has not simulated actual mobility. 

Proposal 5: Modelling of actual mobility in simulations should not be a baseline assumption. Mobility can be simulated by calculating relative speed between vehicles and using the appropriate link curves.

2.5 Channel Models

For channel model in order to save time we propose to reuse channel models assumptions those used for D2D study item and are captured in TR 36.843 [4]. More particularly we propose to reuse outdoor to outdoor pathloss model, fading model, shadowing, and Doppler modelling of dual mobility. This is for both link and system level modelling. 
Proposal 6: Outdoor to outdoor pathloss model, fading model, shadowing, and Doppler modelling of dual mobility as described in TR 36.843 should be reused for both link and system modelling.

For LOS/NLOS modelling we feel that the models captured in TR 36.843 are somewhat optimistic. More particularly the probability of LOS does not go below 0.5 even for large distances.  We propose that those be modified to such that probability of LOS goes to zero after a certain distance say 100m. Furthermore we propose that cars that are not on the same road should not be within line of sight of each other.

Proposal 7: Reuse the probability of LOS/NLOS given in TR 36.843. However modify the probability such that LOS/NLOS probability between vehicles should become zero after a certain distance (e.g. 100m). Furthermore vehicles that are not on the same road should be modelled as NLOS.

2.7 Other details
Carrier frequency for simulation can be set to 5.9GHz. This is in line with the spectrum reserved for vehicle safety and other applications in US. The outdoor to outdoor path loss model in [4] can be extended to apply at this high carrier frequency.  

Proposal 8: Carrier frequency should be 5.9GHz. Validity of outdoor to outdoor pathloss model in [4] can be extended to 5.9GHz.
Carrier bandwidth should be set to 10MHz.

Proposal 9: Carrier bandwidth should be set to 10MHz.
Similar to channel model we propose that inband emissions model provided in TR 36.843 [4] be used. 

Proposal 10: Inband emission model as described in TR 36.843 should be reused.
3
Conclusion

In this contribution we discussed deployment models for V2V. We made the following proposals.
Proposal 1: Out of coverage scenario should be prioritized and a baseline design for the scenario should be developed.
Proposal 2: UE is assumed to have timing and location provided from GNSS.

Proposal 3: Use the Highway scenario proposed as one of the simulation scenarios.
Proposal 4: Use the Urban scenario proposed as one of the simulation scenarios.
Proposal 5: Modelling of actual mobility in simulations should not be a baseline assumption. Mobility can be simulated by calculating relative speed between vehicles and using the appropriate link curves.

Proposal 6: Outdoor to outdoor pathloss model, fading model, shadowing, and Doppler modelling of dual mobility as described in TR 36.843 should be reused for both link and system modelling.

Proposal 7: Reuse the probability of LOS/NLOS given in TR 36.843. However modify the probability such that LOS/NLOS probability between vehicles should become zero after a certain distance (e.g. 100m). Furthermore vehicles that are not on the same road should be modelled as NLOS.

Proposal 8: Carrier frequency should be 5.9GHz. Validity of outdoor to outdoor pathloss model in [4] can be extended to 5.9GHz.
Proposal 9: Carrier bandwidth should be set to 10MHz.
Proposal 10: Inband emission model as described in TR 36.843 should be reused.
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