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Recently, 5G wireless networks introduced three new use cases: Enhanced Mobile
Broadband (eMBB) for high data rate transmissions, Ultra-Reliable Low Latency
Communications (URLLC) enabling high reliability and low latency of connections,
and Massive Machine Type Communications (mMTC) for supporting low data rate
communications of a massive number of devices. Given the forecasted exponential
growth of mobile data traffic and the unprecedented diversification of applications with
the spread of the Internet of Things (IoT) applications, Beyond 5G (B5G) and 6G
wireless networks will be facing more daunting challenges of Quality of Service (QoS)
provision as compared to 5G. Towards this end, future networks are expected to leverage
these promising directions: the joint exploitation of a wide range of spectrum from Sub-
6GHz to mmWaves for multi-interface connectivity, Al-enabled network entities and
energy efficient Deep Learning (DL).

In such a context, this thesis investigates the fundamental issues of wireless access
design, namely user association and interference management at user side, and develops
new radio resource allocation optimization methods at Access Point (AP) side to
enhance global network performances while satisfying individual user QoS constraints.
Unlike most of existing studies, we focus on the situation where both user devices and
APs are equipped by multiple wireless interfaces, and by DL capabilities. For that,
wireless access optimization methods to support multiple applications/interfaces
simultaneously with heterogeneous types of QoS and levels, requested by each user
device, are investigated. Namely, depending on the QoS requirements and the state of
the dynamically varying wireless environment, each application should be served on the
most suitable wireless interface at a given time, to offer the utmost user satisfaction to
the maximum number of users over the whole network.

Namely, we first consider the problem of user-to-multiple APs association, where a
user requesting several applications with different QoS constraints can be served by
multiple APs simultaneously, in current Sub-6GHz wireless system. We propose two
distributed user-to-multiple APs association methods that leverage Reinforcement
Learning (RL), namely Q-Learning (QL) at each user device, enabling each user to
optimize its own association decision while aiming at global network optimization.
Then, to cope with large-scale networks, we extend this initial QL-based association
method by making use of Deep RL (DRL) tools such as DQN and Double DQN (DDQN)



based on Deep Neural Networks (DNN). Based on that, in the Sub-6GHz/mmWave
integrated networks envisioned for B5G/6G, we handle the issue of joint user-to-
multiple APs association and beamforming by proposing a scheme where DNN-enabled
user devices optimize their requests (APs, interfaces), while APs perform a greedy-
based beamforming to select their best sets of users. The goal is to maximize the system
throughput while satisfying the users' QoS requirements and APs' load constraints.

Running such DL functionalities generally requires tremendous energy consumption,
which may be prohibitive for battery-limited user devices. Indeed, a large amount of
energy is consumed not only for DNN computations using massive data, but also to
access, read and write data in the device memory. As Energy Efficiency (EE) will
become one of the major Key Performance Indicators (KPI) in BSG/6G system, we also
investigate the EE issue of DQN-based method at the user device. In particular, unlike
existing works, we conduct a comprehensive analysis of the energy consumption for
both computation and data access by DNN. Based on that, to obtain higher EE and better
cope with dynamic environments, we enhance our proposed DQN-based user association
and beamforming scheme by proposing an adaptive $¥varepsilon$-greedy strategy
which enables the user to explore whenever notable changes of its surrounding
environment are detected. Moreover, to further improve the network performance, we
design a beamforming method based on Branch-and-Bound algorithm at AP side, taking
into account the features of mmWave bands. The trade-off between achievable network
performances and energy costs at user side is then investigated.

Finally, since realizing extreme reliability is another of the major milestones paving
the way towards B5G, we also consider the issue of reliability enhancement for mMTC
use case under Sub6GHz/mmWave integrated systems. For that, we design a method
based on the Risk-Averse Averaged Q-Learning (RAQL) framework, whereby each AP
avoids to transmit on interfaces with high risks of violating devices' Packet Loss Rate
(PLR) targets, based on limited feedback from their associated devices.

We assess our proposed methods through numerical evaluations over various network
settings. These results show that the proposed approach enables all users to associate to
multiple APs/interfaces distributively and efficiently, while satisfying their
heterogenecous QoS requirements and enhancing the long-term global sum-rate.
Moreover, the proposed algorithms are also shown to outperform benchmark methods,
both in terms of global sum-rate and application outage probabilities. In particular, the
proposed methods enable to cope with dynamic environments and to strike a balanced
trade-off between network sum-rate, QoS satisfaction of diverse applications, as well
as user energy consumption. In case of reliability enhancement, the proposed RAQL-
based method can significantly improve network performance by increasing the global
successful packet delivery rate while reducing individual PLRs as compared to baseline
algorithms.
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