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1. Introduction
In RAN#68 a new SI was approved on LTE-Based V2X Services [1], one of the SI objectives is as follows:
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]
0. Deployment scenarios, considering the above operating scenarios
0. Modeling of vehicle density and mobility 
0. 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 aspects related to scenarios for V2X Services, and in particular on V2V scenarios including deployment environment, operating band and so on, given that TR22.885[2] has focused more on V2V aspects of V2X Services, and that the RAN SID objective indicate that V2V aspects shall target RAN#69. Although the discussion is focused on V2V, certain aspects apply in general to V2X communication. Traffic model and performance metric related issues are discussed in our companion contribution [3].
2. Deployment scenarios for V2V communication 

Different D2D deployment scenarios covering both general and public safety scenarios are included in TR36.843 [4]. However, TR36.843 mainly concerns regular UE operation which might not apply to V2V communication. For example, in TR36.843 the UEs can be dropped as either indoor UE or outdoor UE and can be anywhere within the simulation area. This kind of UE dropping works well for normal D2D communication or D2D discovery as a normal UE can be at arbitrary location either indoor or outdoor. However when considering V2V communications, this is not valid any more since vehicles are supposed to be moving on roads within the simulation area and they cannot be at arbitrary position. Furthermore, based on the use cases included in TR22.885 [2], the most relevant use cases are for outdoor scenario where vehicles are moving along the road. Indoor scenario might be relevant for some specific use cases, for example when considering “Automated Parking System” [2], which is a V2I use case. Hence, given the need to prioritize V2V scenarios in a first moment, and since the basic classes of applications for providing ITS services are road safety and traffic efficiency, outdoor is the most relevant environment for V2V simulations. This can also be observed from the identified scenarios in Table A.1 of TR22.885 [2]. Based on this, we have the following proposal:

Proposal 1: The main scenarios to be considered for LTE based V2V communication are outdoor environments. Relevant indoor scenario may be considered with low priority and studied in the later phase if needed.


2.1 Discussion on simulation scenarios
TR22.885 [2] contains example scenarios and parameters for V2X services as shown in Table 1 below.


[bookmark: _Ref427053705]Table 1: Example parameters for V2X services
	  
	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%



In total 5 different scenarios are selected in SA1. From performance evaluation point of view, it would be the best if all different scenarios could be studied and simulated. However, given the limited amount of time for performance evaluation of V2V in RAN1, it is important to select the minimum set of simulation scenarios that are representative of the challenges in supporting the required V2V services. From this point of view, it is clear that certain scenarios share significant commonalities according to the information in Table 1. 

For example, for scenarios #2 and #3, the key difference is “Absolute velocity of a UE supporting V2X services”. The value is 160kmph in the scenario of free way and 280kmph in autobahn. Moreover, the relative speeds between cars traveling in different lanes in an autobahn are included in the difference of speeds between lanes in same and opposite direction in freeway scenario. From simulation point of view, it is very possible to merge these two scenarios and just consider for example freeway scenario with different speed settings. A simple way could be that different lanes in the freeway scenario have different speed limits. 

Similarly, suburban and urban scenarios (#1 and #4) are also quite similar and the only difference is the effective communication range. Of course the propagation model can be different there, but it is not so clear how important it is to differentiate these two scenarios from RAN1 study point of view, and it is then sufficient to simulate the most challenging of these environments. It is FFS how to address the requirements on effective range and message reliability in case scenarios are combined. In any case, scenario #5 can be seen as special case of Scenario #4 where the statistics are collected only at intersection area. 

Observation 1: From RAN1 point of view, there is significant overlap among different scenarios highlighted in SA1 TR22.885, and not all of them are need for the purpose of performance evaluations.

Based on this discussion, it can be observed that it is sufficient to evaluate the performance with two different simulation scenarios: freeway and urban. The freeway scenario can be used to cover scenarios #2 and #3 and similarly urban scenario for the rest of scenarios in Table 1. Defining these two typical V2V communication scenarios was considered in CONVERGE project [5] as well where many partners from car industry were involved.

Proposal 2: RAN1 should consider to define and simulate only two exemplary scenarios: freeway and urban.
Setting up a simple freeway scenario is quite straightforward, for example as shown in the following Figure 1 (assuming no curves for the sake of simplicity).
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For a freeway scenario the main parameters describing the layout of the scenario include at least the following: 
· Number of lanes per direction
· Lane width
· Speed limit associated with the lane (if different speeds are required)
· Length of the considered scenario
Certainly more parameters can be agreed if needed. Vehicles can be dropped at a certain speed on the randomly selected lanes. Depending on the communication range requirement, a target segment can be defined where statistics are collected. 
Regarding dense urban scenario, one good candidate is Manhattan grid which has been widely simulated in RAN1. The vehicles will be dropped and move on the roads within the layout. One simple example layout is shown as in Figure 2.
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In this scenario, the main parameters to describe the layout include at least the following:
· Street width
· Lane width
· Size of the building blocks
More realistic model can be found as well for example in EU FP7 project METIS [6]. In METIS, Madrid grid model is proposed to enhance the Manhattan grid by considering more aspects in urban area, for example the different environments of buildings (with entrances), roads, park, bus stops, metro entrances, sidewalks and crossing lanes. However, it is not clear if the extra complexity brought by these more realistic models is relevant for the sake of V2V simulations, as UEs cannot move in arbitrary locations within the scenario anyway.
Proposal 3: Simple model for both freeway and urban should be defined. Certain key parameters for freeway including at least: Number of lanes per direction; Lane width; 	Speed limit associated with the lane; Length of the considered scenario and inter-site distance.

Pathloss and other propagation related parameters for Manhattan scenario can be found in TR 36.814 [7]. For freeway scenario, example models in literature can be found in [5]. For the study item it is important to define the carrier frequencies of interest, as this might have significant impact on actual performance of V2V and V2X Services in general. At least 5.9GHz band seems a reasonable option to be included in the studies, and it is the frequency that is particularly targeted for the model described in [5], but further input is needed regarding other potential bands of interest. 
2.2 Vehicle dropping and density
One of the key aspects to be agreed is vehicle dropping. In [2] different ways to drop D2D UEs have been defined. However, as discussed already early, such UE dropping method does not apply to V2V communication directly because vehicles can only be dropped and move on road with a certain speed (or remain stationary), but they cannot be dropped at any arbitrary location. One simple way to drop vehicles can be: vehicles are dropped randomly on the roads according to the agreed layout. Obviously two vehicles cannot be at the same location or overlap in their location, minimum distance between vehicles should be specified in order to avoid such situation. This also reflects the practical scenarios in real life, for example in certain countries and/or regions, a typical guideline for drivers is that the minimum distance between vehicles should be about 2~3s driving time.
Proposal 4: For the simulations the vehicles are randomly dropped on the road/street in the considered scenarios. Minimum distance between vehicles should be defined (e.g. 10m in case of traffic jam with really low speed or even no speed and 2~3 second times the vehicle speed in case of moving vehicles). 
2.3 Mobility model
The typical methodology used in RAN1 simulations is that locations of UEs (and eventually eNBs) are defined in the beginning of each simulation, without any real movement during the simulation time. For V2V simulations we have to be careful with the implications of such assumptions, as the vehicle speeds are potentially high. For example, for 280km/h relative velocity, the vehicles move ~78m with respect to each other during 1s of simulation time. This corresponds to ~24% of the desired range (320m) in freeway scenario. For urban intersection case the situation is even more critical, as vehicles can move more than 50% of the required range with respect to each other during 1s of simulation time. Considering that the periodicity of the messages is assumed to be <=100ms, it is not trivial to define a semi-static simulation that corresponds to a realistic operation of the system. 
Simulations with actual mobility of UEs in the scenario bring some new challenges as well, as in order to keep the same amount of vehicles during the simulation period certain ways to add/drop a new vehicle need to be specified when a vehicle moves out of the relevance area. There are different implementation options for example (1) a new vehicle is dropped somewhere inside the area or (2) applying wrap around in the simulation and (3) the vehicle is bouncing back or taking a U-turn.
Observation 2: Vehicles may move the equivalent of ~25% to 50% of the required operational range of V2V communications during 1s of simulation time. This creates a non-negligible impact on statistics collection, e.g. on the reliability of message reception within a required radius. 
Proposal 5: RAN1 should consider including vehicle mobility in simulation scenarios for V2X services. In case this is not possible, a mechanism to take into account the expected relative movement between vehicles in the scenario should be defined. 


3. 	Summary
In this contribution we have discussed deployment scenarios for V2V simulation by taking into account different aspects. As a general design principle, we proposed:
Proposal 1: The main scenarios to be considered for LTE based V2V communication are outdoor environments. Relevant indoor scenario may be considered with low priority and studied in the later phase if needed.
Considering various deployment scenarios included in [2] and RAN1 aspects, we have the following observations and proposals:
Observation 1: From RAN1 point of view, there is significant overlap among different scenarios highlighted in SA1 TR22.885, and not all of them are need for the purpose of performance evaluations.
Proposal 2: RAN1 should consider to define and simulate only two exemplary scenarios: freeway and urban.
Proposal 3: Simple model for both freeway and urban should be defined. Certain key parameters for freeway including at least: Number of lanes per direction; Lane width; 	Speed limit associated with the lane; Length of the considered scenario and inter-site distance.

Proposal 4: For the simulations the vehicles are randomly dropped on the road/street in the considered scenarios. Minimum distance between vehicles should be defined (e.g. 10m in case of traffic jam with really low speed or even no speed and 2~3 second times the vehicle speed in case of moving vehicles). 
Observation 2: Vehicles may move the equivalent of ~25% to 50% of the required operational range of V2V communications during 1s of simulation time. This creates a non-negligible impact on statistics collection, e.g. on the reliability of message reception within a required radius. 
Proposal 5: RAN1 should consider including vehicle mobility in simulation scenarios for V2X services. In case this is not possible, a mechanism to take into account the expected relative movement between vehicles in the scenario should be defined. 
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