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1. Introduction
In RAN#68 a new SI was approved on LTE-Based V2X Services [1], which includes the following objective:
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.
This contribution presents our views on traffic models and performance metrics that are relevant for V2X studies in the context of the SI in [1].
2. Traffic models for V2X 
In TR22.885 [2] SA1 identifies several use cases for V2X services, with indication on traffic models and metrics that might be relevant to each use case. Given that [2] has focused more on V2V aspects of V2X Services, and that the SID objective indicate that V2V aspects shall target RAN#69, this contribution will focus on traffic models and metrics to support V2V use cases, but considerations for V2X Services in general are provided where relevant.

The main use cases from which traffic requirements to support V2V services can be derived are summarized in Table 1. Other V2V services are listed in Table 2, but for those cases most relevant parameters related to traffic models are not (yet) defined. From Table 1 it is clear that the highest message frequency is 10 messages per second for all use cases with periodic message generation. In fact, this applies to V2X use cases in TR22.855 in general, and it could be safely assumed as upper-bound for traffic generation for RAN1 simulations. One exception in Table 1 is “Control Loss Warning” use case, which is event-driven. 

Proposal 1: RAN1 focuses on use cases in Table 1 to derive traffic models for V2V services.

Observation 1: Traffic models for V2V should support a mixture of periodic and aperiodic message generation. It is FFS if the same UE should be able to transmit periodic and aperiodic messages. 

Message size is also similar for most use cases, only exception in Table 1 being the “V2V Emergency Stop Use Case”, for which the typical message sizes are higher than for other use cases. Moreover, it is unclear from TR22.885 if the maximum message size is the same as for the other use cases, i.e. 1200 bytes, or if the message size should be assumed as <3000 bytes instead. 

Observation 2: Typical message sizes for moving vehicles are 50 – 300 bytes, which can be up to 1200 bytes. Typical message sizes for stationary vehicles representing emergency stop use case are 400 bytes. Maximum value is FFS between 1200 bytes or 3000 bytes.



Table 1: Main use cases to be used to define V2V traffic models
	Use case
	Traffic type
	Frequency
	Message size

	Forward Collision Warning
	Periodic
	<= 10 Hz
	Typical 50 – 300 bytes, which can be up to 1200 bytes

	Control Loss Warning
	Event-driven
	N/A
	Typical 50 – 300 bytes, which can be up to 1200 bytes

	V2V Use case for emergency vehicle warning
	Periodic
	<= 10 Hz
	Typical 50 – 300 bytes, which can be up to 1200 bytes

	V2V Emergency Stop Use Case
	Periodic
	<= 10 Hz
	Typical 400 bytes, can be up to 1200 bytes (or 3000 bytes)




Table 2: Other use cases, which lack specific details for traffic model definition
	Use case
	Traffic type
	Frequency
	Message size

	Wrong way driving warning
	[TBD]
	[TBD]
	[TBD]

	V2V message transfer under operator control
	[TBD]
	[TBD]
	[TBD]

	Pre-crash Sensing Warning
	[TBD]
	[TBD]
	[TBD]

	V2X in areas outside network coverage
	[TBD]
	[TBD]
	[TBD]



Based on the observations above, we make the following proposals for traffic model generation:

Proposal 2: For vehicles with periodic traffic, the packets are generated with 100ms periodicity and starting time that is randomly generated in the interval [0,100]ms with uniform distribution. The message size is randomly selected within the interval [50 – 300] bytes with uniform distribution. It is FFS if atypical cases need to be simulated as well, as what are the probability of such cases.

Proposal 3: For vehicles with event-driven messages, messages are generated according to Poisson process. Details are FFS. 


3. 	Performance metrics
For all use cases listed in Table 1 it is required that latency is <= 100ms, and hence latency is a natural candidate as performance metric. 
During Rel-12 Device to Device studies and specification work, the different metrics were selected for ProSe discovery and ProSe communications in [3]. Since it is not yet defined if V2V services via PC5 interface will be derived from D2D discovery or communications framework, or a combination of both in some form, it is relevant to consider which of the metrics considered for ProSe discovery and ProSe communications are applicable for V2V evaluations, if any. 
The main metrics used for ProSe Discovery relate to the number of UEs discovered as a function of time, which are not applicable for V2V use cases, since each V2V message is potentially unique, e.g. due to positioning information, and it is not enough to know the number of vehicles that are cumulatively detected during the simulation time. It is more relevant to measure the probability of reception of each single message by relevant vehicles. In other words, it is not important to know if a certain UE has been found at some point of time, but it is critical to know if UEs within the required range are able to receive the messages transmitted by a certain vehicle. 
For ProSe Communications the main metrics relate to user throughput and VoIP outage. Metrics related to user throughput are not relevant for V2V services in general, with possible exception of “V2V message transfer under operator control”, for which no quantitative requirements are currently available. Same reasoning applies for VoIP-specific metrics, but here the main principles could be extended to V2V services, e.g. outage probability. However, it is important to notice that there is no need to measure the outage outside the range where vehicles may interact with each other. This implies a dependency between the desired range and vehicle speeds, as indicated in most use cases in [2]: “The E-UTRAN shall be capable of supporting a communication range sufficient to give the driver(s) ample response time (e.g. 4 seconds).”
Metrics related to spectral efficiency are relevant for V2V services as well, applicable at least in case V2X services share a carrier with regular LTE services, but it might be relevant in case of dedicated carriers in scenarios including Road Side Units (RSU) as well, as defined in the SID: “A roadside unit (RSU) is a transportation infrastructure entity (e.g. an entity transmitting speed notifications) implemented in an eNodeB or a stationary UE.” Moreover, for future evaluation of V2V over Uu, spectral efficiency will play a significant role. 
Observation 3: Metrics related to number of discovered UEs as a function of time should not be considered for evaluation V2V services. 
Observation 4: For V2V services the metrics need to be calculated over a set of cars that might interact with each other, which implies that the metrics need be computed over a certain range which is dependent on the vehicle speeds. 
Observation 5: Metrics related to spectral efficiency are relevant for V2V services both in case of shared carrier with regular LTE services and in dedicated carriers in case RSUs are present in the scenario. 

Given the dependency between V2V metrics and the vehicle relative speeds and their position in the scenario, it is important to consider the potential scenarios for V2V evaluations, which are described in a companion contribution [4]. In any case, Table A.1 from [2] is a good basis for V2V scenarios and it gives indication of metrics that are relevant for each scenario, already taking into account the dependencies discussed above. The table is reproduced below for convenience.

Table 3: Example parameters for V2X Services, Table A.1 of [2]
	
	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 [4] we propose to focus evaluation of V2V services in freeway and urban scenarios, as they capture the main characteristics of the scenarios listed in Table 3, at least regarding physical layer performance. Scenario #5 is a subset of urban scenario where the statistics are collected specifically for intersections, and hence it can be considered as a specific set of metrics rather than a simulation scenario. 
Table 3 specifies message reception reliability in terms of application layer, but since in all use cases listed in Table 1 the messages are essentially broadcast in nature, the application layer reliability translates directly into physical layer reliability, which can be used as an evaluation metric. Maximum tolerable latency is also a metric that can be utilized in the simulations.
Hence, we proposal the following as main metrics for evaluations of V2V services:
Proposal 4: Main metrics for V2V studies are probability of successful reception of V2V messages in pre-defined range (scenario dependent), maximum latency, and spectral efficiency. 

6. 	Summary
In this contribution we have presented our views on traffic models and performance metrics that are relevant for V2X studies. We have made the following observations and proposals:
Proposal 1: RAN1 focuses on use cases in Table 1 to derive traffic models for V2V services.

Observation 1: Traffic models for V2V should support a mixture of periodic and aperiodic message generation. It is FFS if the same UE should be able to transmit periodic and aperiodic messages. 

Proposal 2: For vehicles with periodic traffic, the packets are generated with 100ms periodicity and starting time that is randomly generated in the interval [0,100]ms with uniform distribution. The message size is randomly selected within the interval [50 – 300] bytes with uniform distribution. It is FFS if atypical cases need to be simulated as well, as what are the probability of such cases.

Proposal 3: For vehicles with event-driven messages, messages are generated according to Poisson process. Details are FFS. 

Observation 3: Metrics related to number of discovered UEs as a function of time should not be considered for evaluation V2V services. 
Observation 4: For V2V services the metrics need to be calculated over a set of cars that might interact with each other, which implies that the metrics need be computed over a certain range which is dependent on the vehicle speeds. 
Observation 5: Metrics related to spectral efficiency are relevant for V2V services both in case of shared carrier with regular LTE services and in dedicated carriers in case RSUs are present in the scenario.
Proposal 4: Main metrics for V2V studies are probability of successful reception of V2V messages in pre-defined range (scenario dependent), maximum latency, and spectral efficiency. 
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