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Energy Characteristic Map Based Resource Allocation Algorithm for
High-density V2V Communications
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Abstract:

Objective In high density scenarios, the random resource selection method has limitations in handling the high
access collision probability of traffic safety messages under the limited frequency resource. At the same time,
the variable topology accompanied by high mobility increases the failure rate of Vehicle to Vehicle (V2V) links.
However, the traffic safety messages with ultra-high reliability and ultra-low latency are very important to
ensure traffic safety and road efficiency under the present scenarios. To address these challenges, integrating the
energy characteristic parameters in sub-frames and sub-carriers into the resource block map has emerged as a
promising approach. By incorporating the distributed V2V links and designing effective reward functions, it is
possible to decrease the access collision probability and smooth the dynamics of variable topology while
maintaining high resource efficiency, thereby better meeting the needs of dense traffic. This research offers an
intelligent solution for resource allocation in Cellular Vehicle to Everything (C-V2X) and provides theoretical
support for the coordinated access of limited frequency with diverse link quality.

Methods Based on the sustainable adjacency among the neighborhood vehicles in high-density V2V
communications, Energy Characteristic Map (ECM) based resource allocation algorithm is proposed using Deep
Reinforcement Learning algorithm. The guidance logic of the ECM algorithm periodically renews the energy
indicators of candidate resources to train the weight coefficient matrix of two-layer Deep Neural Network
(DNN) based on the characteristic results within the sensing window. The algorithm is then used as the action
space in double Deep Q-learning Network (DQN) agent to maximize the V2V throughput, which has a main
DQN and a target DQN. The state space in the DQN model includes the energy indicators of candidate
resources such as the Received Signal Strength Indicator (RSSI) in sub-frames and Signal-to-Interference plus
Noise Ratio (SINR) in sub-carriers, along with dynamic factors like the relative position and speed of other
vehicles. The reward function is crucial for ensuring the resource efficiency and performance of the safety
messages during the resource blocks selection. It accounts for factors such as the bandwidth and SINR of V2V
links rewards to optimize decision-making. Additionally, the discount factor determines the weight of future
rewards, balancing the importance of immediate versus future rewards. A lower discount factor typically
emphasizes immediate rewards, leading to frequently resource block reselection, while a higher discount factor
enhances the robustness of occupied resource.

Results and Discussions The ECM algorithm periodically renews the energy indicators of candidate resources
based on the characteristic results within the sensing window, which then serves as the action space in the
double DQN agent. By defining an appropriate reward function, the main DQN in double DQN agent is
established to select the candidate resource with high energy indicators for V2V links. The numerical results
(Eq.(11) and Eq.(15)) between the packet received ratio and the energy indicators are analyzed using the
discrete-time Markov chains. Simulation results show that the end-to-end disseminating performance of safety
messages under variable V2V distances, simulated on WiLabV2Xsim, are represented (Fig.6, Fig.7). The
reliability, PRR, is more than 0.95 under less than 160 veh/km (the blue line), while the comparative PRR is
more than 0.95 under less than 120 veh/km (the green line) and 90 veh/km (the red line), respectively (Fig.10).
At the same time, the latency, TD, is less than 3 ms under less than 180 veh/km (the blue line), while the
comparative TD is less than 3 ms under less than 160 veh/km (the green line) and about 80 veh/km (the red
line), respectively (Fig.11). The resource utilization, RU, is more than 0.6 under less than 180 veh/km (the blue
line), while the comparative RU is more than 0.6 under less than 160 veh/km (the green line) and about 80
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veh/km (the red line), respectively (Fig.12), demonstrating a 10~20% improvement in resource efficiency.
When the discount factor is set to 0.9 while the learning rate is set to 0.01 (Fig.8, Fig.9), the VUE selects the
resource blocks that balances immediate and long-term throughput, effectively improving the robustness of the
main DQN, which meets the advanced V2V service requirements such as platooning in C-V2X.

Conclusions This paper addresses the challenge of resource allocation in high-density V2V communications by
integrating the ECM algorithm with double DQN agent. The proposed resource selection scheme enhances the
RSS algorithm by establishing distributed V2V links using high quality resource blocks to maximize
throughput. The scheme is evaluated through disseminating safety messages simulations under variable density,
and the results show that: (1) The proposed scheme has high reliability with more than 0.95 PRR and ultra-low
latency with less than 3 ms TD under upper 160 veh/km. (2) The resource efficiency has been improved by
10~20% over the RSS method; (3) Long-term and short-term rewards are considered by selecting the discount
factor of 0.9 and the learning rate of 0.01 and enhance the robustness of DQN model. However, this study has
not considered different resource characteristics for the heterogeneous messages with diverse Quality of Service
(QoS) providing, which should be accounted for in future work.

Key words: C-V2X; Resource allocation; Deep reinforcement learning; Energy characteristic map



	1 引言
	2 系统模型
	2.1 能量特征图谱模型
	2.2 通信资源选择优化模型

	3 基于DRL的资源选择算法
	3.1 V2V通信的DRL模型
	3.2 DQN模型的DNN网络
	3.3 能量特征图谱资源选择方法

	4 能量特征参数影响及算法复杂度分析
	4.1 时域特征参数对竞争接入影响分析
	4.2 频域特征参数对链路失效影响分析
	4.3 算法复杂度分析

	5 仿真结果与分析
	6 结论
	参考文献

