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Abstract:  Heterogeneous small-cell networks (HetNets) are considered as a remarkable solution to the 

challenging demands such as high spectral and energy efficiency of mobile communication networks. HetNets 

are typically composed of multiple radio access technologies (RATs) where multiple low-power, low-cost 

user/operator deployed base stations (BSs) are complementing the existing network.  In this tutorial, we will 

investigate and study the spectral- and energy-aware deployment of small-cells in heterogeneous networks and 

their several need-oriented deployments around the edges of the macrocells, such that the small-cell base 

stations (SBSs) serve the cell-edge mobile users, thereby expanding the network coverage and increasing the 

capacity. Moreover, the reduction in energy consumption is achieved by considering power control in the uplink 

where the mobile users are transmitting with adaptive power to compensate the path loss, shadowing and 

fading. In this context, in order to quantify the gains of the HetNets, we will introduce useful performance 

metrics such as area spectral efficiency (ASE) which is defined as bps per Hz per macrocell area and area green 

efficiency (AGE) which is defined as the aggregate energy savings in the uplink per unit macrocell area. In 

order to calibrate the reduction in CO2 emissions of mobile communication networks, this tutorial quantifies the 

ecological and associated economic impacts of energy savings in under-consideration deployments. Moreover, 

in order to calibrate the impact of power consumption on the system performance and network topology, this 

tutorial also presents a comprehensive end-to-end breakdown of total power consumption which includes 

backhaul, access and aggregation network power consumption. Simulation results are provided to demonstrate 

the spectral and energy improvements in comparison to existing and other traditional small-cell deployment 

strategies.  Specifically, this tutorial will provide answers for the following:  

 What are the Green competitive technologies to expand the cellular coverage?  

 What are the contributing factors to the downlink and uplink energy consumption of HetNets (end-to-

end power consumption breakdown including backhaul)?  

 What are the recent capacity enhancement techniques for advanced HetNets? 

 What are the ecological (carbon footprint) and economic (low carbon economy index) impacts of the 

future generations of wireless networks? 
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