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      ehicular networks are expected to empower auto   
     mated driving and intelligent transportation via 
vehicle-to-everything (V2X) communications and 
edge/cloud-assisted computation, and in the mean-
time Cellular V2X (C-V2X) is gaining wide support 
from the global industrial ecosystem. The 5G 
NR-V2X technology is the evolution of LTE-V2X, 
which is expected to provide ultra-Reliable and 
Low-Latency Communications (uRLLC) with 1ms 
latency and 99.999% reliability. Nevertheless, vehic-
ular networks still face great challenges in support-
ing many emerging time-critical applications, which 
comprise sensing, communication and computation 
as closed-loops. 
   On the one hand, compared with conventional 
mobile services, road and driving-related applica-
tions pose more strict latency requirements, beyond 
the air-interface delay, for road safety and efficiency. 
On the other hand, context information (e.g., the 
conditions of surrounding vehicles and pedestrians, 
dynamic high-precision maps, availability of parking 
lots, and traffic congestion) can be outdated due to 
high dynamics over various time scales, as measured 
by recently proposed new information timeliness/-
freshness metrics (e.g., age of information). In this 
regard, fundamental issues of time-critical communi-
cation (e.g., timely delivering the context informa-
tion) and computation (e.g., making driving deci-
sions with low response time) should be investigated 
to support emerging applications like intelligent con-
nected automated driving. 
   Inspired by these, this feature topic aims to bring 
new theories, frameworks, algorithms, mechanisms, 
applications, and tools of time-critical communica-
tions and computations for intelligent vehicular net-
works. The Call for Papers generated considerable 
erests in the research community, and after impartial 
and rigorous reviews, we have accepted eight papers 

covering the state-of-the-art work from transmission, 
scheduling, computing to applications.
   The feature topic begins with the article by Lu et 
al., “MARVEL: multi-agent reinforcement learning 
for VANET delay minimization”. This article pro-
poses a Multi-Agent Reinforcement Learning 
(MARL) based decentralized routing scheme, where 
the inherent similarity between the routing problem 
in vehicular ad hoc network and the MARL problem 
is exploited. The proposed routing scheme models 
the interaction between vehicles and the environ-
ment as a multi-agent problem in which each vehicle 
autonomously establishes the communication chan-
nel with a neighbor device regardless of the global 
information. Simulation performed in the 3GPP 
Manhattan mobility model demonstrates less than 
45.8ms average latency and high stability of 0.05 % 
averaging failure rate with varying vehicle capaci-
ties.
   The article by Zhao et al., “Q-greedyUCB: a new 
exploration policy to learn resource-efficient sched-
uling,” proposes a Reinforcement learning (RL) 
algorithm to find an optimal scheduling policy to 
minimize the delay for a given energy constraint in 
vehicular communication systems where the envi-
ronments such as traffic arrival rates are not known 
in advance and can change over time. The problem 
is formulated as an infinite-horizon Constrained 
Markov Decision Process (CMDP). The Lagrangian 
relaxation technique and a variant of Q-learning, 
Q-greedyUCB that combines ε-greedy and Upper 
Confidence Bound (UCB) algorithms are used to    
solve the problem. The proposed Q-greedyUCB 
algorithm is proved to converge to an optimal solu-
tion and is thus superior to other existing methods. 
The algorithm can also learn and adapt to the envi-
ronment changes, showing good robustness.
   The article by Zhu et al., “On latency reductions in 

Shanzhi Chen            Tommy Svensson                 Sheng Zhou                 Shan Zhang

V

TIME-CRITICAL COMMUNICATION AND COMPUTATION FOR
 INTELLIGENT VEHICULAR NETWORKSglobally dynamic user demands with a much-en-

hanced capability for broad-area coverage and 
cost-effectiveness of future networks. Third, it is 
promising to combine artificial intelligence with 
information and communication networks to achieve 
a well-improved intelligent level of system security, 
as well as utilities of network resources.                                                                                     
   At this critical period of ICT reform and develop-
ment, China Communications is committed to creat-
ing an academic platform for gathering innovative 
ideas and stimulating innovative vitality in the field. 
We look forward to papers with more profound 
insight that can cater to real needs, seek out system-
atic innovation, and put forward "Chinese solutions" 
for the ICT development. We look forward to more 
extensive and interdisciplinary papers that combine 
theories of communications with computer science, 
data science etc., to develop richer basic theories and 
technologies from a systematic perspective. We look 
forward to more in-depth papers that focus on scien-
tific and technological problems behind practical de-
mands, along with formulation of mathematical 
models to define the problems, and the quantitative 
characterization for system optimization, in order to 
provide theoretical guidance for the simple and 
smart system design. We also look forward to enthu-
siastic papers that can warm fellow scholars, inspire 
thinking, seek common ground while reserving dif-
ferences, and approach consensus through debate. 
We shall hammer away at promoting a sincere and 
active academic environment, and creating a harmo-
nious and efficient innovation ecology.                                                                                                                                                                                                                                                         
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       he go-go information and communication tech-     
     nologies (ICT) led by 5G will have confirmed 
further developing opportunities. On the other hand, 
while continuing to promote 5G construction, appli-
cation, and development, it is necessary to scientifi-
cally study and judge the ICT development trend, 
and strategically plan its future. In particular, as the 
infrastructure scale of ICT being increasing rapidly, 
the system complexity is getting higher and higher, 
while a rational system capacity w.r.t scale is be-
coming more and more difficult to characterize. How 
to achieve a systematic, predictive and creative de-
velopment has become a prominent problem, which 
ushers in talented competition amongst global scien-
tific and technological professionals in the field.
   In terms of fundamental research, it is urgent to 
strengthen planning layout to support sustainable de-
velopment for future. At present, it is found that if 
5G accomplishes the same coverage as that of 4G, 
the annual electricity expenditure of operators will 
dramatically increase, implying a severe problem 
with cost-effectiveness. Likewise, the capability of 
5G coverage in remote areas is actually poor under 
the current technical conditions, thus being difficult 
to meet essential 5G network requirements therein. 
The rationale behind highlights the insufficiency of 
basic research at earlier stage. In the future, a new 
series of application scenarios will spring up as the 
era of the Internet of Everything comes. Convention-
al human-human communication network design 
would transform toward a network information 
architecture contrived to support human-machine, 
and machine-machine communications. Changes in 
revolutionary ICT application scenarios and de-
mands will put forward new requirements for funda-
mental research, especially for an instant systematic 
basic research planning layout.                                                                                                                           
   In terms of technological innovation, more pros-
perous technological ecosystems and innovative de-
velopment models are expected. First, it is essential 
to transform an extensive growth models with 
high-input and high-consumption to a simple and 
smart system design. For example, through hardware 
modularization and software componentization 
along with an open and shared network architecture, 
network functions and capabilities may be upgraded 
smoothly and elaborately upon module/component 
updating with quite reduced input and consumption. 
Second, it is necessary to give full play to advantag-
es of space, air, ground integrated networks to serve 
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vehicle-to-vehicle networks by random linear net-
work coding” investigates the latency reduction 
problem of a multi-source single-sink Vehi-
cle-to-Vehicle (V2V) network with wireless broad-
casting channels. The random linear network coding 
is applied to reduce latency and overcome the impact 
of non-ideal channels. The generation-by-generation 
packet sending method is used, and it is found that 
the increase of the generation size helps the trans-
mission in terms of speed. The coding scheme is fur-
ther optimized by reducing the Galois field size of 
random linear network coding as much as possible, 
which can further reduce the delay and computation-
al overhead.
   The article by Bao et al., “Edge computing-based 
joint client selection and networking scheme for fed-
erated learning in vehicular IoT” proposes an edge 
computing-based joint client selection and network-
ing scheme for vehicular IoT. The proposed scheme 
assigns some vehicles as edge vehicles by employing 
a distributed approach, and uses the edge vehicles as 
federated learning clients to conduct the training of 
local models, which learns optimal behaviors based 
on the interaction with environments. The client 
selection considers the vehicle velocity, vehicle dis-
tribution, and the wireless link connectivity between 
vehicles using a fuzzy logic algorithm, resulting in 
an efficient learning and networking architecture. 
Simulations are conducted to evaluate the perfor-
mance of the proposed scheme, in terms of the com-
munication overhead and the information covered in 
learning. 
   A mobile edge computing (MEC)-based coopera-
tive positioning approach is proposed by Yang et al. 
in the article, “Multi-vehicle cooperative positioning 
based on edge-computed multidimensional scaling”. 
In the proposed scheme, all the vehicles only need to 
communicate with the base stations, while the MEC 
node is responsible for all the computations. The 
proposed two-stage cooperative positioning algo-
rithm combines multidimensional scaling and Pro-
crustes analysis for vehicles with GPS information, 
which can achieve centimeter level positioning with 
accurate GPS information and can achieve relative 
positioning in GPS-unavailable scenarios.
   The article by Hou et al., “Joint allocation of wire-
less resource and computing capability in MEC-en-
abled vehicular network”, investigates the problem 
of minimizing the total delay in MEC-enabled vehic-
ular networks. A Joint Allocation of Wireless 
resource and MEC Computing resource (JAWC) 

algorithm is proposed, including the V2X clustering 
step and the MEC computation resource scheduling 
step is introduced. In the V2X clustering step, the 
SINR requirement of vehicles is transformed into a 
matrix spectral radius constraint to ensure the reli-
ability, and a heuristic clustering algorithm is pro-
posed to divide V2X links into different clusters. In 
the MEC computation resource scheduling step, the 
original optimization problem is transformed into a 
convex problem to obtain the optimal solution. Sim-
ulation results validate the effectiveness of the pro-
posed JAWC algorithm.
    A simulator is developed by Fu et al. for connect-
ed autonomous driving leveraging communication 
between vehicles and Roadside Units (RSUs) with 
C-V2X PC5, presented in the article “A net-
work-level connected autonomous driving evalua-
tion platform implementing C-V2X technology”. 
The simulation platform is comprised of SUMO and 
CARLA, aiming at verifying the feasibility of some 
advanced autonomous driving applications, such as 
multi-intersection vehicle scheduling and remote 
driving. To demonstrate its effectiveness, this article 
implements a hybrid multi-intersection scheduling 
scheme on the platform, and shows the advantages 
of the scheme in terms of traffic efficiency and fault 
tolerance. A remote driving application is imple-
mented based on CARLA, wherein the interplay be-
tween communication and computation is also inves-
tigated.
   The article by Fu et al., “A real-time multi-vehicle 
tracking framework in intelligent vehicular net-
works”, proposes a real-time multi-vehicle tracking 
framework in intelligent vehicular networks in the 
traffic monitoring scenario, which consists of 
multi-vehicle detection, multi-vehicle association, 
and miss-detected vehicle tracking. The miss-detect-
ed vehicles can be re-tracked with occlusions for 
better multi-vehicle tracking. The proposed approach 
is evaluated with several experiments, and the results 
show that it outperforms the state-of-the-art meth-
ods.
   In conclusion, the Guest Editors of this feature 
topic would like to thank all the authors for their 
contributions, and the anonymous reviewers for their 
constructive comments and suggestions. We also 
would like to acknowledge the guidance from Ms. 
Fan, Ms. Nie and the editorial team of China Com-
munications.
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