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Short Abstract

Radio access network (RAN) provides integrated wireless communication between user devices and the core network as an interface. Open Radio
Access Network (O-RAN) is an updated model of RAN design, similar to cloud RAN (C-RAN) and virtualized RAN (VRAN). In addition to finer-
grained disaggregation features in network functions and the use of general-purpose server architecture, O-RAN benefits from the use of smart
controllers, making it more suitable for 5G and 6G networks. Consequently, resource allocation in O-RAN requires different approaches. Controllers
in O-RAN are categorized into Near-Real-Time (Near-RT) and Non-Real-Time (Non-RT) types, where the former utilizes applications called xApps
and the latter uses applications called rApps to manage network resources. In this paper, we address the problem of joint allocation of open radio units
(O-RUs) to users and sub-channels to O-RUs under uncertain and time-varying channel quality conditions. We formulate the problem using Markov
modulated games and propose a multi-agent tracking equilibrium algorithm to achieve convergence and track the stable operating point of the network.
Furthermore, through simulations, the efficiency of the proposed method is compared and evaluated against previous related solutions.
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1-  Short Introduction

This article presents a distributed and scalable resource allocation method for O-RAN (Open Radio Access Network) in a multi-tenant cellular network
that is compatible with uncertainty and dynamics in channel quality. The centralized and model-based approaches are not suitable for O-RAN, because
they do not account for the unknown radio environment, the intelligent controllers, and the time-varying channel quality. As such, model-free and Al-
based resource allocation algorithms are needed for O-RAN.

2-  Proposed Work and Methodology

Unlike traditional centralized and model-based solutions, we use a Markov-modulated game with one logical agent in the near-RT RIC (Near-Real-
Time Radio Intelligent Controller) for each O-RU (Open Radio Unit). The agents use two xApps to select sub-channels and allocate O-RUs, and aim
to achieve Correlated Equilibrium (CE) as an analytical guarantee. We introduce a model-free resource allocation algorithm called RTRA (Regret
Tracking Resource Allocation) that tracks state-dependent CE behavior based on channel changes. Our experiments show that RTRA outperforms
previous solutions in terms of network utility in time-varying channel conditions. Using a simulation, the proposed solution shows its superiority in
terms of utility and cumulative distribution of utility compared to several other single-agent and multi-agent learning algorithms.

3-  Conclusion

Despite O-RAN's flexibility offering advantages, uncertain channel conditions create complex resource allocation challenges. We address this issue by
proposing a multi-agent learning algorithm for joint resource allocation in O-RAN. Leveraging a Markov modulated game model, our algorithm
converges to a correlated equilibrium, dynamically adapting to channel changes. Simulations demonstrate its superiority in utility compared to various
single- and multi-agent learning approaches.
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//nitialization
Begin
Choose o arbitrarily
Choose a = a
Use (11) to calculate uf,
while 1 do
Use (17)to calculate R%(a, b) for all b € A,
Use (18)to calculate "1 (b) forall b € Ay, b # a
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//Initialization

Choose a = af

Use (11) to calculate uf,

While (1):
Use (21) to calculate 9
Compare J and U, for all k € K
Choose a = al**

End while()
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//Initialization
QY arbitrarily
Choose a = af
While (1):
Use (11) to calculate uf

Use (22) to calculate Q(a)4+?

7 Evolutionary game-theoric replicator dynamics (EGTRD)
8 Non adaptive regret-based learning for C-RAN (RBRA)
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