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Abstract— In a wireless system communication, the radio 

signals are diminished as they travel from side to side from 

air. HetNet is a precise persuasive methodology for cellular 

networks to make available the capacity and coverage 

required to move onward. Heterogeneous elements examples 

consist of picocells, microcells, femtocells, as well as 

disseminated antenna systems also remote radio heads, which 

are famed by their physical size, transmit powers/ coverage 

areas, propagation characteristics and backhaul. However, as 

the transmission rate and the power consumption, both 

dependent on the power control coefficient of FPC, become 

coupled, energy efficiency analysis of FPC in the uplink is 

complicated. Different from point-to-point wireless links, 

energy efficiency analysis for wireless networks is 

complicated due to the presence of co-channel interference 

and the need to meet network coverage requirements. This 

paper provides the survey of energy evaluation in HetNet 

uplink transmission. 
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I. INTRODUCTION 

The large number of user devices have brought huge traffic 

demand and high energy consumption. 

 To support the traffic demand ecologically, energy 

efficiency analysis for wireless networks is crucial. 

 When circuit power consumption is taken into 

account, signal transmission over a long duration may no 

longer be energy efficient since the total power consumption 

will increase with the block length. 

 Different from point-to-point wireless links, energy 

efficiency analysis for wireless networks is complicated due 

to the presence of co-channel interference and the need to 

meet network coverage requirements. 

 Moreover, the spatial and temporal variations of the 

traffic demands from user equipment’s (UEs) are difficult to 

be identified.  

 Moreover, when the maximal transmit power 

constraint is considered due to the linearity requirement of 

power amplifier as well as the battery storage limitation, the 

energy efficiency of FPC will depend on the power control 

coefficient and the receiver threshold jointly. In this case, 

choosing a suitable power control coefficient is nontrivial. To 

our knowledge, how to adjust the power control coefficient 

within constrained maximal transmit power for maximizing 

the energy efficiency of large scale HetNets has been rarely 

investigated. 

 
Fig. 1: Multi-Tier Cellular Network 

 The rest of the paper is organized as follows.  

 Section 2 provides the background, relevant for the 

context. Section 3 provides the literature survey. Section 4 

concludes the paper with a summary of the concluding 

remarks. 

II. BACKGROUND  

The rise of internet-connected mobile equipment’s will carry 

on to drive advance in data traffic in an exponential manner, 

constraining network operators to vividly upsurge the 

capacity of their system networks. 

 
Fig. 2: Heterogeneous Network 

 To achieve this cost-effectively an architype shift in 

cellular multi-tier network structure setting out is place away 

from expensive and traditional tower mounted and high 

power heterogeneous elements and tower-mounted base 

stations. Heterogeneous elements examples consist of 

picocells, microcells, femtocells, as well as disseminated 

antenna systems also remote radio heads, which are famed by 

their physical size, transmit powers/ coverage areas, 

propagation characteristics and backhaul. This shift offerings 

numerous prospects for capacity enhancement. It also have 

countless novel challenges to network management and co-

existence. HetNet is a precise persuasive methodology for 

cellular networks to make available the capacity and coverage 

required to move onward. HetNets are usually consists of a 

diversity of formats of radio access, power levels networks 

base station, and transmission solutions. Linking such a 

variation of tools and methods together empowers the best 

possibility to be preferred for a specified area, but then again 

it similarly offerings glitches in terms of operation and 
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ubiquity with such a dissimilarity of approaches and 

technologies. 

 On the other hand mobile operators are considering 

to implement the HetNet methodology to empower them to 

satisfy their objectives for capacity and coverage as far 

greater requirements are to be found on mobile networks. 

 A topographical space covered by a cellular system 

is allocated into cells. eNodeB is fixed terminal situated in 

each cell used transceiver antennas to communicate with 

mobile terminals. The eNodeB associates the UE to the 

mobile system. Mobile customers neighboring to the eNodeB 

are termed as cell center customers while on the edge of the 

cell are termed cell edge customers. The data transmission 

from eNodeB to UE is termed as downlink (DL) and the data 

transmission from UE to eNodeB is termed as the uplink 

(UL). 

 In a wireless system communication, the radio 

signals are diminished as they travel from side to side from 

air. When a transferred signal transmits from the air it meets 

dissimilar entities, and the signal will be delayed in time, 

attenuated, and delayed in phase shifted because of 

diffraction, scattering and reflection. The attenuation 

triggered by distance is termed as path loss. The signal 

dissimilarities because of diffraction are termed as shadowing 

or shadow fading, however the because of reflections are 

termed as multipath or multipath fading as represented in 

Figure 1. 

 
Fig. 1: A Wireless System Reprsenting Shadowing, 

Refraction And Multipath 

 Energy is an essential means for mobile devices. UE 

power consumption is achieved using power control 

strategies in the HetNet. Energy efficiency plays an essential 

role in capacity, system throughput, power consumption and 

quality. Same radio resources can be used by number of users 

in multiuser wireless environment. Frequency reusability is a 

vital feature of a multi-layer cellular system and it can 

progresses the network capacity. HetNet supports a frequency 

reusability feature to make best use of the spectrum efficiency 

for the uplink transmissions. The existence of nosiness cannot 

be unnoticed because of frequency reusability factor. Power 

Control and Energy efficiency is applied in the HetNet uplink 

to minimize the presence of interference.  Energy efficiency 

and power control increases network system throughput, its 

performance and diminishes interfering to other cell users. 

 
Fig. 2: System model for multi-tier HetNet 

 Active users  Inacive users 

III. LITERATURE SURVEY 

This paper focusing on analyzing the energy efficiency of 

large scale HetNets in the uplink. Improving the energy 

efficiency of uplink transmission is crucial for reducing the 

energy consumption network-wide and extending the 

operation hours of UEs, which usually have limited battery 

storage. For this purpose, uplink power control, e.g. via 

fractional power control (FPC), is a well-known effective 

approach. 

 Recently, FPC has been adopted in 3GPP LTE-

Advanced standard to conserve energy at UEs and mitigate 

interference in the network. 

 By FPC, the signal transmit power of UE is adjusted 

using a network-wide power control coefficient to meet the 

target signal-to-interference-and-noise ratio (SINR) 

requirement while avoiding excess interference to other UEs. 

 However, as the transmission rate and the power 

consumption, both dependent on the power control 

coefficient of FPC, become coupled, energy efficiency 

analysis of FPC in the uplink is complicated. 

 The majority of the literature only resort to Monte 

Carlo simulations to study FPC, which are usually time 

consuming, especially for large scale HetNets.  

 Moreover, when the maximal transmit power 

constraint is considered due to the linearity requirement of 

power amplifier as well as the battery storage limitation, the 

energy efficiency of FPC will depend on the power control 

coefficient and the receiver threshold jointly. 

 In this case, choosing a suitable power control 

coefficient is nontrivial. To our knowledge, how to adjust the 

power control coefficient within constrained maximal 

transmit power for maximizing the energy efficiency of large 

scale HetNets has been rarely investigated. 

 The practical constraint of maximal transmit power 

at UEs was considered and the impacts of power control 

coefficient, density of BSs, and receiver threshold on the 

uplink energy efficiency were investigated. 

 These properties show that the interference from 

other cells play different roles on the uplink energy efficiency 

of UEs for different path losses.  

 We find that the average transmit power of UEs will 

be a constant when receiver threshold is high enough. Our 

results also suggest that the optimal average uplink energy 
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efficiency is obtained when that receiver threshold is close 

but not equal to the maximal transmit power due to an 

interesting trade-off between truncation outage and 

transmission power leveraged by the receiver threshold.  

 Meanwhile, the maximal effective uplink energy 

efficiency in HetNets can be improved by increasing the 

density of BS and balancing the values of receiver threshold 

and power control coefficient. 

Symbol Meaning 
Default 

value 

N 
total number of uplink UEs 

sharing the spectrum resource 
50 

 Path loss exponent 4 

B Bandwidth allocated to UE 100MHz 

Pmax 
maximum transmission power of 

uplink UEs 
1W 

W total bandwidth of spectrum 10MHz 

1  0dBm 

2  0dBm 

2  -90dBm 

1  2E-7 /m2 

2  4E-7 /m2 

P1  41dBm 

P2  33dBm 

k PPP of k-th tier BS 0 

k Density 0 

S1  4dB 

S2  4dB 

Table 1: Parameters with Default Value 

IV. CONCLUSION 

To support the traffic demand ecologically, energy efficiency 

analysis for wireless networks is crucial. Recently, FPC has 

been adopted in 3GPP LTE-Advanced standard to conserve 

energy at UEs and mitigate interference in the network. 

Moreover, when the maximal transmit power constraint is 

considered due to the linearity requirement of power 

amplifier as well as the battery storage limitation, the energy 

efficiency of FPC will depend on the power control 

coefficient and the receiver threshold jointly. This paper 

provides the survey of energy evaluation in HetNet uplink 

transmission.   
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