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Abstract

To meet the capacity requirements for tremendous growth in mobile data traffic, Mobile
Network Operators (MNOs) need to add more radio nodes and spectrum layers. This
increases power consumption and therefore requires energy efficient solutions like deployment
of Cloud based Radio Access network (RAN) and spectrally-efficient and power-efficient
radio units like Large-Scale Antenna Systems (LSAS). Further, the spectrum layers vary in
QoS, utilization and usage charges. To save operational costs, the MNOs share their radio
networks. The MNOs, therefore, need to consider spectrum availability, link utilization, link
usage costs, traffic handling priorities and QoS for selecting the Donor link for traffic offload.
In this thesis, the network evolution towards C-RAN is presented. Three aspects of C-RAN
were researched .viz. (a) Energy Efficiency in heterogeneous C-RAN, (b) Dynamic traffic
steering in a shared multi-MNO C-RAN and (c) low latency Multi-Connectivity support in
heterogeneous C-RAN.

For the overall energy efficiency of C-RAN, four components of the Radio network are con-
sidered — the Cloud base station, the Radio site, the front-haul network and the cooling
systems. The Radio BBU processing which is moved to the cloud is quantified using a
power model. For the scenario of when C-RAN is used with LSAS radio units with large
antenna configurations, an appropriate base station architecture split is considered. The
simulations were performed using a combination of simulators viz. NS3 (for LTE radio net-
work simulation) and CloudSim Plus (for Cloud based base station simulation) in a phased
manner. Further, the effect of base station’s scheduling algorithm viz. Proportionate-Fair or
Round-Robin, on the computational complexity of the various base station sub-components
is studied. Through the simulations, it is observed that the computational complexity was
relatively higher for RR scheduling (compared to PF scheduling). But the variations of en-
ergy efficiency metric were similar for both the scheduling schemes for different base station

configurations. Further, the energy efficiency of different variants of LSAS were compared



considering Macro2TR as reference.

Next, the traffic steering problem was analyzed for scenario of multi-MNO shared network
with multiple donor links. Two different queuing models were evaluated to represent the
heterogeneous C-RAN system for traffic offload scenario (a) network of queues with recursive
offload and (b) traffic steering using MADM technique. Based on evaluation, the MADM
technique based traffic steering is selected for further analysis due to limitations observed
in the “recursive offload” method. For the MADM technique based traffic steering, a set
of two hybrid MADM techniques are considered viz. (a) AHP-GRA and (b) Entropy-RoV
techniques. The techniques were validated through a set of scenarios using different combi-
nations of traffic load, usage cost and IP packet scheduling priority in the contending Donor
links. The simulation is performed using MATLAB SimEvents and the results are presented.
In all the scenarios, AHP-GRA as well as Entropy-RoV techniques offered benefits for over-
all Beneficiary link traffic with better average waiting time by aligning with the dynamism
of the network. AHP method required pre-configuration of the network through pair-wise
comparison to derive weights of criteria for selection. The Entropy-RoV method was able

to align with dynamism of the network without any pre-configuration.

Next, for the support of low latency LTE-NR Multi-connectivity scenario (specifically for
E-UTRAN-NR Dual Connectivity configuration), the characteristics of the inter BTS links
was analysed. A heterogeneous C-RAN was simulated with NS3 network simulator with
heterogeneous mix of 4G and 5G-NR base stations. Through simulations, throughput re-
quirement of inter BTS mid-haul link and the end-to-end delay sensitivity due to inter BTS
mid-haul link delay are analysed. Further, “Neighbour Association-aware Placement” (NAP)
algorithm is proposed for placement of the vBBUs in the Cloud server to avoid the inter
VM latency and thus maintain lower overall delay at PDCP layer. It is found that the NAP
algorithm is beneficial for Cloud based heterogeneous RAN supporting EN-DC and with

delay sensitive traffic by offering higher capacity and maintaining lower end-to-end delay.
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