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1 Introduction

At TSG RAN Meeting #68, the feasibility study on LTE based V2X services was approved [1]. According to the study item description, the RAN1 WG is tasked to define evaluation methodology for V2X analysis and identification of the necessary LTE enhancements to address V2V use cases and requirements [3]. In this contribution, we provide our views on traffic models and performance metrics for V2X evaluations. Our views on V2X deployment scenarios and mobility modeling are provided in our companion contribution [2].
2 V2X Services

The SA work on V2X services and requirements is ongoing and not finalized yet. The latest version of the TR 22.885 defines the set of V2X services and requirements, among which many road safety applications are identified. The set of V2X services includes use cases with direct V2V communication and use cases with V2I/N communication. According to the approved SI description [1], the V2V use cases should be prioritized in development and evaluations. In this document, we mainly focus on performance metrics, requirements and traffic models for V2V road safety applications. 
3 Overview of V2X Requirements

According to [3], five target scenarios and corresponding performance metrics should be supported by the LTE V2V/V2I air-interface. These scenarios and requirements reflect the physical properties of V2V channel propagation environment and describe the target performance of V2V/V2I communication systems, targeting road safety applications. The set of requirements for V2X services is provided in Table 1 and includes information about target communication range, latency, absolute and relative velocity of UEs and reception reliability metric.

Table 1. Example requirements for V2X services
	Operation Scenario
	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)
	200 m
	50 kmph
	100 kmph
	100 ms
	90%

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

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

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

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


As described in our companion contribution [2], we suggest to categorize operation scenarios and describe those by three deployment scenarios (Direct Road Line, Urban V2X, Suburban V2X).
4 Traffic Models
Intelligent transportation systems and, in particular, road safety applications, are typically characterized by two main traffic types: 1) periodic time triggered messages and 2) event-driven messages. Other V2X applications (e.g. infotainment and assisted/autonomous driving) may require more complex traffic models, however these models are out of scope of this document. Instead, we propose to focus on traffic models typical for V2X road safety applications.
Periodic time-triggered traffic: The messages of this type are periodically generated by each vehicle in order to inform neighbors about vehicle’s location, speed, and other data required by road safety applications. The fields in these messages are typically predefined and the message size is fixed. The example of these messages include CAM (Cooperative Awareness Message) message, which is standardized in ETSI TC ITS [4] and similar BSM (Basic Safety Message) Part 1 messages developed by SAE [5] for road safety applications and used in DSRC/WAVE systems in US.

Event-driven traffic: The messages of this type are used to inform neighbor vehicles about special events such as accident, road construction work, etc. There is quite diverse set of applications and services that may utilize this type of messages. The message content and size may vary depending on application, however, relatively large packets sizes may be expected for transmission. The Decentralized Environment Notification Message (DENM) is an example of event-driven message which is introduced for this purpose in ETSI TC ITS [6].
As described in the TR 22.885 [3], both V2V and V2I services use periodically generated packets of the size, specific to each use case. Therefore, in order to emulate V2X data traffic, we propose to use the periodic and Constant Bit Rate (CBR) traffic model. However, the TR 22.885 defines a broad range of possible message payload sizes and packet arrival periods. For RAN1 evaluations, we propose to agree on some typical traffic parameters: 
· Payload size. For V2X studies, we propose to focus on packet size of 300. The 300 bytes packet size reflects typical message size for V2V and some V2I services. Optionally, the 800 bytes message size can be considered. 
· Packet arrival period. The packet arrival period of 100 ms can be also considered as a typical one. . The Intensive Traffic model with 100ms packet arrival period describes the traffic with the minimum packet arrival period used by V2X services. The model can be considered as the most challenging and, hence, should be prioritized for evaluations in all scenarios. In addition, the Light Traffic Models with 500 ms packet arrival period can be used for evaluations in scenarios with potentially relaxed requirements on packet transmission periodicity (e.g. Urban V2X scenario with middle-speed vehicles).

For simplicity of evaluation, we also suggest to assume that all vehicles would have traffic with equal packet sizes and same periodicity.
Table 2. Proposed CBR traffic models

	Packet Size
Packet period
	Medium Size,
300 bytes
	Large Size,
800 bytes

	100 ms
(Intensive Traffic) 
	Intensive Medium Size Traffic
	Intensive Large Size Traffic

	500 ms
(Light Traffic) 
	Light Medium Size Traffic
	Light Large Size Traffic


Proposal 1
· Use Constant Bit Rate(CBR) traffic model for V2X studies:
· All vehicles use the same traffic model with same periodicity and packet size

· The 100 ms packet arrival period is prioritized for evaluations. 

· Packet size of 300  bytes is recommended for evaluations
Optionally, the mix of traffic models periodic and event driven can be considered. The event driven traffic model may be based on Poisson distribution (with FFS mean packet arrival rate), defined by mean arrival time and having a larger packet size (e.g. 800 bytes). If mixed traffic model is considered, then packets of different size should be separately analysed.
5 Performance Metrics
The proper performance metrics selection is important for time critical road safety applications and system design. The V2X communication system design (targeting road safety application) relies on broadcast operation that differs from unicast cellular operation. The range, reliability of packet delivery and support of maximum possible vehicle density are of higher importance than throughput typically optimized for unicast cellular operation. In addition, from energy efficiency perspective there may be no such strict requirements as for mobile terminals.
In order to properly characterize V2X communication system and verify system requirements we propose to use the following system-level performance metrics.
Channel Access Delay – This metric reflects the fairness of the access to the channel for the set of vehicles transmitting the data of the same priority level (if different priority levels are supported). The system should provide fair access to channel for all nodes involved into communication. This performance parameters was introduced in [7] and defined as the time elapsing from the channel access request tPkt_Gen (see Figure 1-a) to the time when the actual channel access tTX takes place. The packet transmission can be considered as failed if channel access time exceeds packet generation period.
Packet Delivery Time. This is the time measured from the moment the packet is arrived to the buffer of transmitter tPkt_Gen to the time moment tPkt_Delivery when the packet is delivered (received) by receiver. The packet throughput can be also considered and defined as a ratio of packet size to packet delivery time.
Packet Reception Probability. This is the system-level metric describing the packet reception probability calculated within the predefined distance from transmitter. This metric can be viewed as a measure of the reliability of the vehicular packet transmission and calculated as the percentage of UEs that received the packet within the given range from transmitter.
Receiver Update Delay. This is a receiver side performance metric that defines the time interval between successful reception of two consecutive packets coming from the same node [8]. This metric can be used to characterize the reliability of the applications or service. The service reliability may depends on delay in packet reception leading to delay in information update and, hence, to delayed or completely wrong decision.
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Figure 1. Definition of V2X Performance Metrics
a) Channel Access Delay; b) Receiver Update Delay; c) Packet Reception Probability
Proposal 2
· Adopt the channel access time, packet delivery time, and packet reception reliability as a performance metrics for evaluation of LTE V2X designs.
6 Conclusions
In this contribution, we provided our views on main requirements, traffic models and performance metrics for evaluation of LTE based V2X designs. Our proposals are as follows:
Proposal 1
· Use Constant Bit Rate(CBR) traffic model for V2X studies:
· All vehicles use the same traffic model with same periodicity and packet size.
· The 100 ms packet arrival period is prioritized for evaluations.
· Packet size of 300 bytes is recommended for evaluations.
Proposal 2
· Adopt the channel access time, packet delivery time, and packet reception reliability as a performance metrics for evaluation of LTE V2X designs
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