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Deep Reinforcement Learning for Mode Optimization in
RF-Powered Backscatter Cognitive Radio Networks
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ABSTRACT

In an RF-powered backscatter cognitive radio network, the secondary transmitter (ST) harvests energy or
backscatters information when the primary channel is busy. Alternatively, the ST actively transmits data using
the harvested energy when the primary channel becomes idle. It is critical to decide when to harvest,
backscatter, and actively transmit to maximize the throughput of the secondary system under unpredictable
primary channel states. In this paper, we propose a deep reinforcement learning-based mode optimization

scheme in which the ST can learn the optimal policy through rewards obtained by interacting with the primary
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channel. To be more specific, the ST is requited to perform harvesting mode to observe the reward. We

formulate the proposed scheme with a Markov decision process and design a deep Q-network (DQN) for mode

optimization. To accelerate the training process, we introduce a penalty for energy outage. The achievable

throughput was validated through simulations by considering a greedy policy based on the trained DQN model.

It was also compared to the ideal case when the complete information about the primary channel is provided.
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Fig. 1. Example of the proposed deep reinforcement learning-based mode optimization
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Table 1. DQN hyperparameters

Hyperparameter Value
Number of hidden
layers

Number of hidden
nodes

24 for each hidden layer

“ReLU” for input and hidden
Activation function layers,
“linear” for output layer

Optimization Adam optimizer

Learning rate, « 0.0001

Discount factor, 7y 0.99
Epsilon, € 1 — 0.01
Batch size 64
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