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1 Introduction

During the RAN meeting #68, a study item #151109 [1] on the feasibility of LTE-based V2x was agreed. The objectives of this study are to evaluate new functionalities needed to operate LTE-based V2X (V2V, V2I/N, and V2P), and to investigate potential enhancements for vehicular services defined in [2]. The study should cover LTE-based V2X both with and without LTE network coverage, and cover both the operating scenario where the carrier(s) is/are dedicated to LTE-based V2X services (subject to regional regulation and operator policy including the possibility of being shared by multiple operators) and the operating scenario where the carrier(s) is/are licensed spectrum and also used for normal LTE operation.
Support for PC5 transport for V2V services shall be given the highest priority until RAN#70.
In order to meet the study item’s objectives, it is important that companies agree on key configuration parameters, traffic models, and performance evaluation metrics for link-level and system-level V2X simulators, prioritizing simulations of V2V over PC5. In this paper we propose such sets of parameters, models, and metrics.
2 Discussion 

2.1. Link-level simulator
In the context of PC5 transport for V2V services, it is reasonable to retain the number of Tx and Rx antennas, and the guard period in the LTE subframe. Due to lack of power control in V2X communication, we propose to use the first symbol in each subframe for AGC settling. The propagation model shall characterize the dual-mobility aspect of V2X nodes; the transport block size shall comply with typical sizes for V2V messages such as CAM, DENM defined by ETSI [4,5]. 

Channel model for small-scale fading in V2V shall be 3GPP models of EVA and ETU, extended to capture dual mobility effect, see details in [3]. 
Proposal 1: Configuration parameters for link-level simulator are given in Table 1.

Table 1: Configuration of link-level simulator
	Parameter
	Value

	Carrier frequency
	5.9 GHz

	System bandwidth
	10 MHz

	UE-UE channel model
	EVA and ETU with dual mobility (Tx and Rx at the same speed) 

	UE-eNB/RSU channel model
	EVA and ETU 

	Antenna configuration
	1 Tx and 2 Rx antennas

	UE relative speed
	{3, 150, 280} km/h 

	TBS
	{500, 1000} bytes

	AGC settling time
	Within one OFDM symbol (up to 70µs). The first OFDM symbol is thus discarded in the demodulation and decoding.

	GP
	Last symbol in the subframe

	Frequency Offset (FO)
	2*0.1 ppm, modeled as a multiplicative term of exp(j*2*pi*FO*t)

	Channel estimation
	Realistic (non-ideal)


2.2. System-level simulator
2.2.1 Dynamic simulator

Channel condition, hence performance, of V2X communication varies quickly with movements of nodes. Therefore, to obtain reliable statistics a system-level simulator must be able to capture the dynamic due to such movements. 
Proposal 2: V2x system-level simulator is a dynamic simulator with mobility. 
2.2.2 Traffic model

Messages in V2X communication are broadcasted and there are two main types of message transmissions:

· Periodic transmission: This corresponds to messages that a node periodically broadcasts to the nodes in the vicinity. An example of periodic message is the CAM defined by ETSI [4]. The frequency of this type of transmission is typically 10 Hz, as specified in V2X use cases by SA1 [2] and ETSI [6], 

· Event-triggered transmission: This type of transmission is triggered by certain events, such as a foreseeable crash, an abnormality or sudden change in traffic condition. An example of event-triggered message is the DENM defined by ETSI [5]. Some models of event-triggered transmissions are described in [11,12].
The packet size of the transmissions is about 500 to 1000 bytes including security overhead [4,5,12]. 
We propose the following model for event-triggered transmissions (Figure 1): the events occur as a Poisson process with rate r. Once an event is detected, the event-triggered messages are transmitted periodically (with period dt) for a time duration TON. The transmissions stop after TON, until a new event is detected. If a new event is detected during TON then the former event expires, only messages triggered by the latter event are transmitted. 
 
[image: image1]
Figure 1: Event-triggered transmissions

Proposal 3: There are two types of transmissions in the system-level simulator: periodic and event-triggered transmissions. 

· Assumptions on periodic transmissions: 
· For messages from a vehicle: full-buffer model, transmissions occur every 100ms
· For messages from a pedestrian: full-buffer model, transmissions occur every 1s
· Assumptions on event-triggered transmissions: 20% of devices in the network transmit event-triggered messages in addition to periodic messages. Transmission parameters are specified in Table 2. 
Table 2: Parameters for event-trigger transmissions (referring to Figure 1)
	Parameters
	Distribution

	Arrival process of events
	Poisson process with rate 

r = 1 event per second

	Transmission duration TON
	Deterministic: 600 ms

	Inter-transmission time dt
	Deterministic: 100 ms


2.2.3 Configuration parameters

Proposal 4: Configuration parameters for system-level simulator are given in Table 3.

Table 3: Configuration of system-level simulator

	Parameter
	Value

	Type of simulator
	Dynamic with mobility

	Parameters related to deployment scenarios, e.g., simulation scenario, vehicle density, velocity, etc.
	See details in [3]

	Carrier Frequency
	· UE-UE (V2V over PC5):

· Baseline: 5.9 GHz 
· Optional: 2 GHz

· UE-UE (V2P over PC5)

· In-band with V2V over PC5 or in-band with V2N

· UE-eNB (V2N or V2V/V2P over Uu): 2 GHz

· UE-RSU (V2I): same as V2V

	System bandwidth
	10 MHz 

	Packet size
	500 and 1000 bytes (mandatory)

	In-band emission model
	Baseline: 3GPP TR 36.843, table A.2.1.5, with [W,X,Y,Z]=[3,6,3,3] 

	Tx power
	23 dBm (optional: 33 dBm)

	Thermal noise density
	-174 dBm/Hz

	Receiver noise figure
	7 dB

	Interference margin
	0 dB

	Mode of transmission
	Broadcast

	Transmissions combining
	Soft-combining 

	Synchronization accuracy
	FFS


2.2.4 Performance evaluation metrics

In V2X communication each packet is broadcasted to all the nodes within the targeted communication range of the transmitting node. Therefore it is desirable to have a measure on the broadcast efficiency, which represents the efficiency of resource allocation schemes.
Further, different V2X messages have different latency requirements. For example, the current SA1 study [2] specifies a latency requirement of 100 ms for most use cases and of 20 ms for the pre-crash warning use case. For periodic communications, it is also important to measure the time elapsed between two successive successful packet receptions (i.e., without errors).
Based on existing literature on ITS [7,8,9] and on our studies, we find the following metrics relevant to the two aspects discussed above:
· Packet reception ratio (PRR): Percentage of nodes that successfully received a packet considering all nodes being at a certain distance from the sender at the moment that the packet is sent to the channel.
· Packet inter-reception (PIR) latency: time elapsed between two successive successful receptions of two different packets transmitted from node A to node B. 
Proposal 5: The system-level simulator shall include performance evaluation metrics given in Table 4. The statistics are logged separately for the periodic and event-triggered transmissions.

Table 4: Performance evaluation metrics

	Metric 
	 Type of transmission

	Packet reception ratio (PRR) as a function of communication range 
	 Periodic, event-triggered

	CDF of packet inter-reception latency (PIR)
	


There is another metric that might be of relevance, presented in the Appendix.

3 Conclusion
In this contribution, we identify and propose key configuration parameters, traffic models, and performance evaluation metrics for V2X link-level and system-level simulators
· Proposal 1: Configuration parameters for link-level simulator are given in Table 1.
· Proposal 2: V2x system-level simulator is a dynamic simulator with mobility. 
· Proposal 3: Two types of transmissions in the system-level simulator: 

· Periodic transmissions: 

· For a vehicle: full-buffer model, transmissions occur every 100ms

· For a pedestrian: full-buffer model, transmissions occur every 1s

· Event-triggered transmissions: 20% of devices in the network transmit event-triggered messages in addition to periodic messages. Transmission parameters are specified in Table 2. 
· Proposal 4: Configuration parameters for system-level simulator are given in Table 3
· Proposal 5: Performance evaluation metrics are given in Table 4, logged separately for periodic and event-triggered transmissions.
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5 Appendix 
The PRR defined in 2.2.4 shows how many percent of the investigated nodes receive a packet correctly on average. In certain cases it is also useful to measure the probability that a sent packet is correctly received by all the investigated/targeted nodes. Hence, in existing literature, e.g., [10], the following metric is also defined:
· Packet delivery ratio (PDR): the probability that all nodes within transmission range of the transmitting node receive the broadcast message successfully.
Note that PDR is a commonly used metric in the packet switched communication technologies. It is the probability of successfully receiving a packet at the receiver after this packet is transmitted at the sender. In practice, it is often calculated as a ratio of the number of data packets received at the receiver to total number of packets transmitted at the sender within some pre-defined time window. Since V2X communication is broadcast communication, the receiver is all nodes within transmission range of the transmitting node, hence the above definition. 
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