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ABSTRACT
Intelligent Transportation System (ITS) applications in vehicle networks often use latency, reliability, and throughput as performance
metrics. However, these traditional metrics fail to indicate the freshness of data. "Age-of-information" (AoI) has been emphasized as a
critical requirement for real-time applications as a new performance
metric. Traditional broadcast-based data propagation tends to cause
congestion because it needs a lot of vehicles to participate in the
data transmission, resulting in large AoI. With the help of mobile
edge computing, this paper proposes a new unicast-based data propagation approach to reduce AoI. In this scenario, an edge computing
server computes and determines vehicle nodes for the purpose of
propagating time-sensitive data via V2V communication. The goal
of this research is to provide an AoI-aware unicast data propagation
method that optimizes the initial vehicle nodes selection and design
scheduling rules for maintaining information fresh under a coverage rate restriction (corresponding to emergency level). Simulation
results show that the proposed unicast-based method has lower
AAoI and PAoI than that of the traditional broadcast-based method.
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Figure 1: An example of edge computing assisted NR-V2X
network scenario.
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INTRODUCTION

Intelligent Transportation System (ITS) applications, e.g., autonomous
driving, remote driving, and vehicle platooning, place a premium
on meeting quality of service (QoS) requirements such as communication latency, network throughput and service reliability. These
performance measurements, however, may not account for the
freshness of data, which is becoming more important for real-time
safety and driving assistance applications.
A new metric, age-of-information (AoI) [1, 2], defined as the
time elapsed since the generation of the most recently received status update, has recently been introduced to assess the information
freshness from the receiver’s perspective. The existing research
mostly addresses the AoI-related problem in the static scene, making it difficult to apply in high-mobility vehicular networks directly.
With regards to rapidly changing and large-scale vehicular networks, how to choose the “least” number of vehicle nodes from
which to propagate data to cover the afflicted vehicle nodes while
maintaining average AoI (AAoI) and low Peak AoI (PAoI) [3] with
low computation overheads? This paper addresses the AoI-related
data propagation problem in edge computing-assisted 5G new radiobased vehicular networks.

2

SYSTEM MODEL

Fig. 1 is an example of the NR-V2X system, consisting of 5G base
stations gNB, vehicles, and a multi-access edge computing (MEC)
server. The MEC server is located near the network’s edge and
close to the gNB to increase NR-end-to-end V2X’s communication
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capabilities and provide data storage and auxiliary computing for
the gNB.
Since the broadcast schemes assume that all vehicle nodes have
to receive data, some vehicles may miss the opportunity to obtain
another type of more valuable data. Additionally, it may even result
in low efficiency of data propagation due to broadcast storms and
severe channel contention, etc. Unicast communication in 5G NRV2X allows for disseminating data only to some impacted vehicles
directly with exact destination addresses, reducing unnecessary
transmission operations. Moreover, unicast transmission is flexible
and easy to maintain freshness of information during a short period
of time, meeting different latency and reliability requirements [4].
The complete operation process of the system is provided as
follows.
Phase I: Context Sensing. Vehicles broadcast their status periodically, allowing each vehicle node to perceive contextual information. Contextual information includes the vehicle’s location, the
channel quality of surrounding vehicles, and data sensed by other
vehicles.
Phase II: Data transmission and processing. The vehicle uploads the context information to the edge computing node through
the cellular link, and the edge computing node constructs the global
topology map based on context information.
Phase III: Scheduling decision. An adaptive data propagation
(named as “ADP") algorithm is run by the edge computing node and
computes the initial vehicle nodes as the scheduling decision to collaboratively propagate data. The scheduling decision is distributed
to the vehicles through gNB.
Phase IV: Data propagation. According to the scheduling
decision, multiple instances of data propagation take place simultaneously through V2V communication.

3

ADAPTIVE DATA PROPAGATION
ALGORITHM

The ADP algorithm consists of two main steps: (1) Emergency
level rating. The higher the priority is, the greater the coverage
rate is. The coverage rate and a graph with probability-labeled
edges are inputs for the subsequent step. (2) Adaptive initial nodes
selection. Taking into account the average AoI, the coverage rate
can be achieved by iteratively selecting several nodes with the
highest connectivity. The term "adaptive" refers to two aspects: (i)
automatic termination; once the coverage rate (corresponding to
data emergency level) is attained, the algorithm terminates; and
(ii) selection of the fewest initial propagation nodes as many as
possible. The performance metric average AoI [3] is introduced in
the algorithm. An overview of ADP is given in Fig. 2.

4

Figure 2: Overview of ADP.

EVALUATION

To validate the effectiveness of the proposed scheme ADP, a systemlevel simulation was designed based on the Veins framework, an
event-driven network simulator OMNeT++, and a road traffic simulator SUMO. Simulation time 𝑇𝑠 =10sec, bandwidth 𝐵=2.4GHz,
packet transmission rate 𝑅=10Mbps, and speed 𝑉 ⩽ 15 m/s.
The performance of ADP in PAoI and AAoI is examined and
compared with broadcast. As can be seen from Fig. 3(a) and Fig.
3(b), PAoI for ADP ranges from 15 ms to 21 ms, which is less than

Figure 3: Comparisons of different schemes.
that for broadcast. In the case of different vehicle nodes, the unicast
method is better than the broadcast method under the performance
indicators AAoI and PAoI.

5

CONCLUSION

The simulation results demonstrated that the AoI-aware unicast
data propagation method shortens the AoI of data propagation,
providing promising guidelines for the design of future vehicular
networks.
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