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The oncoming Internet-of-things applications and smart machine-to-machine communication lead 

to an enormous increase in network traffic. To meet the escalating demands of these time-critical 

applications, a wireless network that has an optical backbone with a colossal bandwidth capacity 

is required, for which the radio-over-fiber (RoF) technology is a promising candidate. To 

accomplish this goal, we propose RoF network architectures to support single and multiple 

wavelengths with simple and cost-effective remote antenna units (RAUs). Moreover, we propose 

a medium access control (MAC) protocol for the proposed RoF architectures, in which a central 

office (CO) registers and identifies the users in the network and distributes resources for the data 

transfer. In this work, we propose single-gate and multi-gate polling algorithms for the time frame 

allocation to the users. Further, we propose dynamic wavelength allocation algorithms to distribute 

the wavelengths among the RAUs according to the traffic generated by them. Moreover, we 

present an analytical delay model for single and multiple wavelength architectures, considering 

the user identification and data transfer delay for single-gate and multi-gate polling algorithms. 

We verify it with the results obtained from simulations.  

Further, the RoF networks need to support the stringent delay requirements of the time-critical 

applications for a high density of mobile users in the network. However, the existing user 

registration and identification approaches for these networks mostly use a random access-based 

approach, which is not efficient for a high user density and cannot keep the overall mean delay 

within the permissible limit for such applications. In this thesis, we present a MAC protocol for 

the RoF network, for which we propose hybrid user identification and neighbor-aware hybrid user 

identification algorithms. Further, we propose an analytical delay model for the MAC protocol, 

which gives overall end-to-end mean delay considering the hybrid user identification approach and 

data transfer. Moreover, the results obtained from the analytical model closely follow the 

simulation results and the proposed algorithms can maintain the stringent delay thresholds for both 

low and high user densities. 

Furthermore, in this work, we introduce a very small cellular (referred to as atto-cellular) RoF 

network, which can maintain a delay threshold of 10 µs to serve the futuristic robotic applications. 

An atto-cell is a radio cell typically less than 1 m2 with antennas integrated into the floor tiles. For 

this network, we propose several architectures for the backbone network using RoF-based 

technology. To support these architectures, we consider the MAC protocol for the RoF network, 

which uses a simple polling approach for the data transfer. Further, we compute the splitting ratio 

for various cell sizes based on the network load for a delay requirement of 10 µs. We propose an 

analytical model for the same to validate the results obtained from the simulations. Finally, we 

present the cost analysis of atto-cellular RoF architectures. Based on this, we give some general 

design recommendations for the RoF network. 



In the modern digital world, quality-of-experience (QoE) has become the central area of concern 

to ensure end-to-end user satisfaction. In this thesis, we analyze the quality-of-service (QoS) for 

different traffic classes for the RoF network. For this, we consider a simple and gated polling 

algorithm for the data transfer with dynamic weighted queuing for the queues of different traffic 

classes for the RoF networks comprising of atto-cells and micro-cells, respectively. The 

aforementioned polling approaches maintain a delay within the maximum bounds for high and 

medium priority traffic classes with high channel utilization. Further, we propose a model to map 

QoE with the QoS parameters, like delay, jitter, and packet loss rate, and quantify QoE by 

representing the degree of user satisfaction by a mean opinion score. 


