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ABSTRACT

In the cellular Internet of Things (IoT) networks, the networks experience overload problems when a massive group
of IoT devices attempts random access (RA) at the same time. In literature, existing schemes have designed RA
control schemes based on Deep QLearning (DQN) with the restrictive choice of access class barring factor. Thus, in
this paper, we propose the asynchronous advantage actor critic (A3C) based access control scheme for an exact
prediction of access class batring factors between O and 1. The simulation results show that our proposed scheme
outperforms the conventional access control schemes and it also reaches the theoretical performance in terms of total

service time with the conventional and early preamble collision detection methods.
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Table 1. Notation table for system model

Variable Definition

N, ode The number of entire nodes in a group

T terval | Time interval of random access procedure
N, camtie | The number of available preambles

Nouscn | The number of allocable PUSCH resources

q Random value [0, 1] generated by a node
P’ Access class barring factor at time slot ¢
N The number of detected preambles

d at time slot ¢
N The number of collided preambles

¢ at time slot ¢
N The number of collision-free preambles

at time slot ¢

The number of allocated preambles
allocated | at time slot ¢

The number of successful nodes

Nt
s at time slot ¢
N The number of backlogged nodes
b at time slot ¢
Access class barring factor  without
pzonv consideration of PUSCH resources
at time slot ¢
Access  class  barring  factor  with
;’gAN(; conventional preamble collision detection
at time slot ¢
~t Access class barring factor with early
Pyanc preamble collision detection at time slot ¢
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Algorithm 1. Pseudocode for proposed model

Initialize £, S # Initialize Environment and State.
for episode = 1 to Ny, do
t =0 #Initialize the time slot.
N = N, #nitialize the number of backlogged
nodes.
while N/>0 do
A'= V(8" #Predict the Action at time slot t.

vt = (8" #Predict the Value at time slot %.

LNf = —EE,,

Environment £ with A’ and average the V! and N}

) #Simulation n times in the

separately.
Reward = R(N.,N,)
#Set the Next State depending on the model.
if Model = Model 1 or Model = Model 3 then
s = (). At A N) 4 (N). RN N))
elseif Model = Model 2 or Model = Model 4 then
st = (at f(8)).#(N)). BN, N))
end
Update V' weights.
Update C weights.
Nit'= Ni— N #Update the number of backlogged
nodes.
t=t+1 # Update the time slot ¢.

end
end
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Parameter Value
The number of all
nodes(/V, 4.)

10,000

The number of available

64

preambles(/V. ot camble)

The number of allocable

PUSCH resources(NVpygcyy) 10, 20, 30, 40, 50

The number of

25

episodes(/V, epi sode)

Model 1 Hyperparameter(c, 3) | 1.2, 041/NPUSCH

Model 2 Hyperparameter(c, ) | 1.3, 0.15625
Model 3 Hyperparameter(c, 8) | 1.2, 0.1/ Npyye
Model 4 Hyperparameter(c, 3) | 1.3, 0.078125
Actor hidden layer 3

for Model 1 & 3
(The number of units)
Critic hidden layer
for Model 1 & 3
(The number of units)

(128, 128, 128)

3
(128, 128, 128)

Actor hidden layer 5

for Model 2 & 4 (128, 128, 128,
(The number of units) 128, 128)

Critic hidden layer 5

for Model 2 & 4
(The number of units)

(128, 128, 128,
128, 128)

Actor network activation (ReLU, ReLU,
for Model 1 & 3 ReLU, Sigmoid)

Critic network activation (ELU, ELU,
for Model 1 & 3 ELU, ELU)

ReLL ReLL
Actor network activation for f(eil}j ’ R:LEZ

Model 2 & 4 ReLU, Sigmoid)
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ELU, ELU, ELU)

Critic network activation for
Model 2 & 4
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