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Abstract- With the advent of the next generation of wireless communication networks, the requirements for high-
rate and timely information delivery, especially in real-time applications, have increased dramatically. In
particular, Millimeter wave (mmWave) communications can provide a high data rate, and reconfigurable
intelligent surfaces (RISs) can reduce the blockage sensitivity of mmWave links. Also, to quantify the data
freshness, the age of information (Aol) metric is introduced in the recent literature, defined as the time elapsed
since the last successfully received status update was generated. This paper aims to optimize the average Aol in
a multi-user RIS-assisted millimeter wave network. For this purpose, the proposed problem was formulated as a
Markov decision process (MDP) that aims to obtain the optimal control policy that minimizes the sum of the
average Aol of all users. Under the unknown system statistics assumption, we propose a model-free deep
reinforcement learning algorithm to schedule the users’ transmission, adjust the transmit power, and configure
the RIS to reflect the signals. The performance of the proposed method is evaluated in terms of convergence
characteristics and the impact of changes in network parameters.

Keywords- Age of Information, Reconfigurable Intelligent Surface, Millimeter Wave, Model-free Deep
Reinforcement Learning.
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// Initial Setup:

1: Set up the critic network Q(s, a|09).

2: Set up the actor network Q* (s|6*).

3: Initialize the target critic network Q" with 89" « 99,
4: Initialize the target actor network Q*" with 8% « 6*.
5: Set up the replay buffer, R, to store experiences.

// Learning:

6: for episode=1, E do

7: Set up a randomized process N for exploration.

8: Perceive the initial state s;.

9: Assign r, « 0.

10: fort=1, T do

11: Choose an action a; = Q*(s;|6*) + N,.

12: Execute the action a, and receive reward r;.

13: Collect the reward 1, < 7, + ;.

14: Take note of the new state s, ;.

15: Record (s;, a;, 13, S:41) INR.

16: Extract a minibatch of B-sized transi;ions from R
17: Setv, « 1, + ¥Q(s¢11, Q% (5:4116% )109).

18: Update 8¢ by minimizing the loss:

19: %Zt(vt — Q(se, at|90))2-

20: Update 6# using the policy gradient:

21: =X {7.0(5,al09) s, amqr sy Vor Q* (5169,
22: Adjust the parameters of the objective networks:
23: 0% < 16? + (1 -1)67.

24: 0% <" + (1 —1)6" .

25: end for

26: Assign the value of 7,4 [episode] = 7.

27: if episode > 50 then

28: Provide the mean of r,,,, [episode].

29: end if

30: end for
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