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 Machine-to-Machine (M2M) communication over the Long Term Evolution 

Advanced (LTE-A) networks has witness exponential growth and expansion 

in the last couple of years. This expansion has created an increase in the 
demand for high speed internet, multimedia messaging services, digital 

broadcasting etc, thus fuelling higher data traffic. The network operators in 

trying to meet this increasing demand injected more access points by 

deploying more Base Stations (BSs) to make the network denser. The BSs 

are the major consumers of energy in the wireless communication network 
due to the use of inefficient power amplifiers and therefore deploying more 

BSs into the network will increase the power consumption and the networks 

operational cost. The aim of this paper was to examine the power 

consumption patterns of the main elements in the BS, employ various 

techniques to reduce their power consumption, reduce the operational cost 
and improve the efficiency of the BS.   
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1. INTRODUCTION 

Machine-to-Machine (M2M) communication has seen an astronomical growth and expansion in the 

last couple of years. This growth and expansion is the direct result of the rapid growth in the number of 

personal computers, smart-phones, tablets just to mention a few. This growth has escalated the demand for 

high speed internet connectivity, online gaming, multi-media messaging services, and digital broadcasting 

thus fuelling higher data traffic flowing into the network. M2M communication is the latest addition t o the 

wireless communication system. M2M communication is a network of connected devices or objects with 

amazing intelligence and sensing capabilities often designed to perform certain tasks with little or no human 

interventions. M2M communication has permeated every sphere of human endeavour with it unlimited range 

of applications. As a matter of fact it is perceived as the main driving force behind the future internet of 

things (IoT). The LTE/4G networks are considered to be the most viable infrastructura l option in the speedy 

and successful implementation of M2M communication in the immediate future [1]. 

The LTE and LTE-A technologies primarily use OFDM as their basis with the objectives to improve 

system capacity, low latency, enhanced network coverage, reduce operating cost, bandwidth operational 

flexibility and smooth integration of the existing systems [2]. This leads to improving the spectral efficiency 

per unit area of the existing system, and can be achieved with the deployment of Heterogeneous Networks 

(HetNet) involving microcell, picocell, femtocell and relay nodes of low power underneath the macrocell 

Based Station also known eNB. Deployment of these BS underneath the macrocell will improve the spectral 

efficiency per unit area and bring about enhanced user experience within the network [3]. Injecting these BSs 

into the network increases the access points thus creating a denser network [4]. Power Efficiency (PE) is 
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becoming an area of great concern owing to the growing awareness of the global Carb on Dioxide (CO2) 

emission [5]. It has been observed that the ICT sector presently is responsible for 4-6 % of carbon emission 

globally and considering the rate at which wireless communication is growing and expanding if pragmatic 

steps are not taken to curb it, these numbers will certainly swell up further [6]. Again the eNBs are the net 

consumers of energy in the wireless communication network [7, 8] so increasing the number of network 

access points by deploying more eNBs will mean the amount of energy con sumed in the network increasing 

accordingly and hence the volume of carbon emission into the atmosphere [9-11]. The eNBs are the net 

consumers of energy in the wireless communication networks owing to their continual usage of inefficient 

power amplifiers (PA) [12, 13]. The researchers aim in this paper was to examine the power consumption 

patterns of the main elements of the eNBs with the view of identifying various techniques to improve the 

power efficiency of the BSs which will go a long way in improving the network efficiency  as a whole. The 

contribution of this work is that the researchers explored the use of more power efficient amplifiers (Doherty 

power amplifier) [13, 14], incorporated load switching mode into the operation of the eNBs and employed 

Multiple Input Multiple Output (MIMO) into the eNBs antennas configuration  to overcome the 

aforementioned problem under various load conditions. 

The rest of the paper is organized as follows: Section 2 provides a review of some related literature 

while description of the LTE/LTEA system model of the eNB elements and the formu lation problem is 

presented in Section 3. Section 4 presents the analysis of the simulation results. Finally, section 5 concludes 

the paper. 

 

 

2. LITERATURE REVIEW 

Large volume of literature exists on how to improve the efficiency of the eNBs. For instance, the 

authors in [15] evaluated how the energy efficiency of the eNB can be improved by utilizing the sleep mode 

in a dense LTE network. In [16] the authors proposed resource block allocation and transmit power control to 

improve the energy efficiency in the down link of the LTE system. The author in [17] demonstrated that the 

output power requirement of the microcell eNB can be improved by as much as 65.3% by employing the 

Doherty power amplifier as against the conventional power amplifier. The authors [18] also showed that by 

using class F Doherty power amplifier a high efficiency can be obtained for LTE-A application due to the 

suppression of the second and third order harmonic component and thereby obtaining a linear out put. The 

authors in [19, 20] did an extensive work on the energy efficiency by comparing  the bit rate of the various 

eNBs with the amount of power consumed by these eNBs. The novelty in this work lies in the fact that the 

comparison is made between the power consumed by the macrocell eNBs and the microcell eNBs based on 

the number of active users when these eNBs are operating under (a) single or multiple transmitting antennas, 

(b) doherty or conventional power amplifiers and (c) proposed load switching when the eNB is operating 

under no-load condition. 

 

2.1. System Model 

One of the objectives of the LTE- release 13 is to reduce the operational cost of the LTE-A 

networks. In this regards the researchers will examine the power consumption pattern of the key elements in 

the eNBs with the view of optimizing their operations to improve the overall n etwork efficiency. In this 

work, heterogeneous networks involving macrocell and microcell were used to improve the user experience 

within the network. The researchers evaluated the power efficiency of a microcell as against the macrocell. 

The main elements of macrocell eNBs are: 

1. Rectifier -100 W used for converting the incoming alternating current to direct current, as shown in 

Table 1. 

2. Digital Signal Processing (DSP) unit -100 W involves the conversion of audio and other analog  signal 

into digital format such as bits that can be processed and vice versa. 

3. Transceiver 1000 W for the transmission and reception of signals.  

4. Power Amplifier (PA) -1000 W responsible for changing the input dc power into a signal strong enough 

to drive a radio frequency (RF) signal.  

5. Microwave or Fibre Link 80 W used to link the transmitting antenna with the transceiver unit. 

6. Air condition and lighting -220 W used to control the ambient temperature within the BS compartment 

and to provide lighting at the eNBs, as shown in Figure 1 [21].   
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Table 1. Power pattern of the key elements at the macrocell and microcell base stations  
BS Elements Macrocell Base Station 

power (W) 
Microcell Base Station 

power (W) 

Power Amplifier 1000 100 
Transceiver 1000 100 

Digital Signal Processing 100 80 
Rectifier 100 60 

Air condition 220 100 
Microwave or fibre link 80 - 

 

 

 
 

Figure 1. System model of Macrocell eNB Base Station [5, 14] 

 

 

2.2. Formulation of problem 

When these elements are combined one can find the sum total of the power consumed at the eNBs, 

however some of the elements are used in multiple times, take for instance the antennas. Since use is made 

120
0
 sector antennas means it is required to use three antennas  to cover a given area, which also implies the 

use three of PA, DSP, Transceiver and Rectifier each. The amount of power consumed by the microwave link 

and rectifier remains constant. The amount of power consumed by air condition is determined by  the 

temperature within and outside the eNBs compartment. The power consumption pattern of Digital Signal 

Processing unit, Power Amplifier and the transceiver is influenced by the load factor (F) which represents a 

fraction of the number of active users on eNBs. This load factor (F) may vary from zero to one (0-1) 

depending what time of the day and the location of the eNBs [22]. Take for instance eNBs located at event 

centres such as stadia or shopping malls, unless occasions or there is an event taking place at such places the 

full capacity of the eNBs will not be fully utilised. Installing an eNB at the central business centre means that 

at night when most businesses have closed the eNBs will be underutilised [23]. In such instances operating 

the eNBs at its full installed capacity will amount to wasting the power and resources of the eNBs for which 

there will be no gain in return. In this case part of the eNBs must be switched off during off-load periods 

based on the eNBs configuration to conserve energy. The management operations of turning off part of the 

eNB lead to the development of Self Organizing Networks (SON) [9]. The network operator has to switch off 

part the eNB in order the save energy when the eNB carries no traffic [24]. SON was developed to enable the 

network operators to automatically switch off any eNB which is underutilised so as to save the network 

operators of any unnecessary operational cost during off-load (no-load) periods while making a significant 

power saving or reduction [25], [26].  The LTE-A system should be flexible enough to ensure that M2M 

devices serving as data originators (utility meters and sensors) can remain in the power saving mode for 

longer period and be able to readily reconnect to the network in its next data genera ting cycle to prolong their 

battery life span [27], [28]. The total power consumed by the macrocell eNBs is given as : 

 

      (     )
     .        (                )/                                       ( ) 

 

Where 

 

     
      

   

                                                                                                                                     ( ) 

 

and ƞPA is the efficiency of the power amplifier. 
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The main elements of the microcell BS are:  

1. Rectifier 60 W 

2. Digital Signal Processing unit 80 W 

3. Power Amplifier (PA) 100 W 

4. Transceiver 100 W 

5. Air condition 100 W 

All the elements used in the microcell BS are the same as those used in the macrocell eNBs with the 

exception of the omni-directional antenna and here there is no microwave link in the microcell BS [29]. The 

total power consumed by the microcell BS is given as  

 

      (     )
         (                )                                                                                  ( ) 

     
      

   

                                                                                                                                   

 

where 

1. PRect – the amount of power used for rectification at the BS. 

2. PAmp – the amount of power consumed by the power amplifier. 

3. PTrans – amount of power consumed by the transceiver. 

4. PDSP –the amount of power consumed by the digital signal processing unit.  

5. PLink–the amount of power consumed by the microwave or fibre link. 

6. PAircon–the amount of power consumed by air condition and lighting points  

ƞPA is the efficiency of the power amplifier. The performance efficiency of the conventional power 

amplifier ranges from 15-20 percent, in this case selection is based on best performance of 20  

percent [24], [30]. To improve the performance of the eNBs however an efficien t power amplifier is 

introduced as Doherty Power Amplifier with efficiency as high in the range of 50-65 percent [18], [19].  In 

this case best performance of 65 percent was selected.  

 

 

3. PERFORMANCE ANALYSIS OF SNR, BER AND TRANSMITTED POWER IN LTE-A 

WIRELESS COMMUNICATION BETWEEN SINGLE ANTENNA AND MULTIPLE 

ANTENNA SYSTEMS 

a) Wireless Communication System Model 

 

                                                                                                                                                  (4) 

 

where y = received signal, h = fading channel coefficient, x = transmitted signal and n = Additive White 

Gaussian Noise (AWGN) respectively. 

The received power  

 

   | |    | |                                                                                                                   ( ) 

 

The performance of the wireless communication system is degraded when the received power is less 

than the noise power. 

 

      
                                                                                                                            

   
  

 

 
                                                                                                                             

 

But signal to noise ratio (SNR) is given as : 
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When     
√   

⁄  , the received power is less than the noise power at the receiver, this means that the bits 

error rate (BER) is going to be very high and this phenomenon is known as Deep Fade. 
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b) Probability Density Function of a Rayleigh Fading Channel 

 

∫   ( )        
                                                                                                                               ( ) 

 

The probability of a deep fade event 
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At high SNR the whole equation can be approximated as : 

 

 (  
 

√   
)  ∫      

 
√   

⁄

 

                                                                                                                     

 
   

 
|
 

 

√   

                                                                                                                            

 
 

   
                                                                                                                                      

 

The probability of deep fade in a wireless communication system is 
 

   
 

But the BER is 
 

    
 

 

c) Received Antenna Diversity 

One of the objectives of LTE-Advanced systems is to provide ubiquitous wireless network. Deep 

fading degrades the performance of the wireless network is therefore undesired in LTE-A system. Antenna 

Diversity is one method that can be used to overcome deep fade effect in LTE-Advanced. 

 

 

 
 

 
(a). Single link wireless link (b). Wireless system with diversity 

 

Figure 2. Diagram of wireless system with antenna diversity 

 

 

Let the received signal be 

 

                                                                                                                                 
 

and x be the transmitted signal. 
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Where h1, h2,      hL are the fading coefficients of links. 

 

1) System Model 
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2) Vector notation 

 

 ̅   ̅   ̅                                                                                                                                              (7)  

 

3) Signal Detection 

If y1, y2,    yL are the received signals at the L antennas. Combining the received signals with 

complex weight conjugate gives us. 
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Where 
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The received signal after the beam forming is  
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Where  ̅  ̅  and  ̅  ̅ are the signal component and the noise component respectively of the received signal. 

The signal to noise ratio (SNR) of the received signal is the ratio of the signal power to the noise power.  
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Noise power at the output of the beam former = ‖ ̅‖   
      ̅  ̅  
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Therefore SNR at the output of the beam former is given as : 
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The SNR can optimized by choosing  ̅ such that ‖ ̅‖   ̅  ̅    
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In order to maximize 
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But this is the dot product of two vectors  
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This is maximize when       or    , which is to say that  ̅ is in the direction  ̅. Similarly, SNR is 

maximum if  ̅    ̅ which means that ‖ ̅‖    ‖ ̅‖
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The optimal beam forming vector  ̅ that maximizes the received 
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The maximum ratio combiner (MRC) 
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d)  Analysis of BER of Multiple Antenna System 
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where 

 

  |  
|  |  

|              |  
|                                                                                                     (  ) 

 

This gain   ‖ ‖  is a Chi-square random variable with 2L degrees of freedom. The distribution 

of Chi-square is given as: 
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Hence the instantaneous bit error rate of multiple antenna wireless channels is given as: 
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The average bit error rate can be obtained by taking the average of the distribution over the channel 

coefficient    ( ) as: 
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The exact computation of the above expression for BER is quite complex, hence that is skipped here. The 

final expression for BER of this multiple antenna wireless with MRC is given as : 
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At high SNR 
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At high SNR 
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At high SNR the BER in multiple antenna wireless system can be simplified as : 
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For our design consideration let take the BER of the LTE-A wireless communication system to be      [31]. 

In a single transmit antenna LTE-A system L=1 where L represents the number of transmit antennas and C 

means combination [31]. 
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In LTE-A system with two transmit antennas L=2 
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The amount of transmitted power saved between single antenna L=1 and double antenna L=2 in dB 

is given as: 
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Figure 3. BER verses SNR in Rayleigh channel with multiple transmit antennas  

 

 

For all intents and purposes the carrier frequency of LTE-A is 3.4-3.6 GHz, which means that the 

UE’s can only have two transmit and receive antennas and the eNB can have up to 8 trans it and receive 

antennas [31], [32]. In this regards we compared the power efficiency of LTE-A wireless communication in 

the downlink between one antenna and two antennas systems. The following outputs were obtained. In order 

to have a balanced comparison between the microcell and the macrocell eNBs, let make average bit rate of all 

users as 30 Mb/s/Hz [33]. The subscriber densities of urban and suburban areas can be assumed to be 

between 100-300 users/Km
2 

[19]. The range of the microcell BS macrocell eNBs are 2 Km and 35 Km 

respectively [34]. 

 

3.1 Power Efficiency 

The most significant factors in determining the power efficiency of the eNBs are the number of 

users served by the BS, the coverage area, the bandwidth and the power consumed.  
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Figure 4. Power reduction strategies between macrocell and microcell eNBs  
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4. ANALYSIS OF SIMULATION   

It can be observed from the results obtained that for a macrocell eNBs operating at full load capacity 

F=1 with the conventional amplifier along with a single antenna that the power consumed is very high, 

likewise the number active users served. This is depicted in the result obtained for macrocell eNB simulation 

first plot (red). Generally the macrocell eNBs are designed to be operated at their full capacity. If these 

macrocell eNBs are situated in the central business districts then during the weekdays between the hours of 

8:00am to 5:00 pm the power consumed in serving these active users will be meaningful. However during the 

evenings and over the weekends when there is very little or no activity in these places, the network operator 

operating a macrocell eNB at such a place at full capacity risk expanding energy that will serve no 

meaningful purpose. For this reason we propose a load factor of F=0.5 be applied, which means that the 

macrocell eNBs operate at half of its rated capacity. In this way the power consumed will be considerably 

reduced as portrayed in the second plot of macrocell eNBs (yellow). Also if the macrocell eNB uses two 

transmitting antennas instead of one, here again the power consumed will be further reduced likewise the 

number of active users served as depicted in the simulation result obtained (black). Also if the mac rocell 

eNBs is made to use two transmitting antennas instead of one, here again the power consumed is further 

reduced, likewise the number of active users served as portrayed in the simulated result obtained (black). 

This means that by using two transmitting antennas at the macrocell eNBs, the power transmitted by each 

antenna will be considerably reduced.   When the conventional amplifier in the macrocell eNBs along with 

two transmitting antennas and a load factor of F= 0.5 were implemented there was tremendous reduction in 

the power used and a corresponding reduction in the number of active users served as portrayed in the result 

obtained (green overlapping with black). 

By introducing the Doherty power amplifier into the macrocell eNBs with an efficiency as high as 

65 percent, the power used of the macrocell eNBs is very much reduced, even if the eNBs is operating at full 

installed capacity as depicted by the simulation result (blue). The result proved that with the Doherty power 

amplifier even when the macrocell eNBs is operating at full capacity the power consumed is less than that of 

a similar macrocell eNB operating at half of its capacity. This again points to the fact that much of the power 

consumed eNBs owing to the use of conventional amplifiers which are highly inefficient as portrayed by the 

result obtained in the simulation (blue). Now by applying a load factor of F= 0.5 to the eNB, the power used 

is further reduced as depicted in the simulation result obtained (cyan).  Again by employing two trans mitting 

antennas at the eNB and load factor F= 1 the power consumed is significantly reduced as portrayed in the 

simulation result (magenta). Here when the Doherty power amplifier is employed along with two 

transmitting antennas and a load factor of F= 0.5 were applied the simulation result obtained coincided with 

the result obtained for the conventional amplifier with two transmitting antennas and a load factor of F=0.5.  

It can be observed from the simulation results obtained that when the conventional power amplifier 

was employed at full load capacity F= 1in a single transmitting antenna system the power consumed was 

very high (red) likewise the number active users served. When a load factor of F= 0.5 was applied to the 

microcell BS with the conventional amplifier, the power consumed was significantly reduced as portrayed in 

the simulation result obtained (yellow). It can be observed here that when two transmitting antenna s were 

used along with the conventional amplifier at full load capacity F= 1 on the microcell BS, the power used 

was further reduced as portrayed in the result obtained from simulation (green overlapping with pink). When 

two antennas and a load factor of F=0.5 were employed in the microcell BS with the conventional amplifier, 

the power used was very much reduced as portrayed in the simulation result obtained (black overlapping 

pink).  

When the Doherty power amplifier was implemented in the microcell BS the results obtained from 

the simulation with one transmitting antenna and full load capacity F=1 was an improvement on the result 

obtained for conventional amplifier at half load capacity (blue). Again when a load factor F=0.5 was applied 

to the microcell BS with Doherty amplifier with one transmitting antenna there was further improvement in 

the power used as shown by the simulation result obtained (cyan) with a corresponding reduction in the 

number of active users served. By using two transmitting antennas in the microcell BS with Doherty 

amplifier along with load factor F= 1, the power used was again reduced as portrayed from the simulation 

result obtained (magenta) with a corresponding reduction in the number active users served. Finally when the 

microcell BS with Doherty amplifier along with two transmitting antennas and a load factor F= 0.5 was 

implemented the result obtained from simulation coincided with the result obtained for microcell BS with the 

conventional amplifier along with two transmitting antennas and a load factor F=0.5. 

 

 

5. CONCLUSION 

From the ensuing analysis it can be reasonably concluded that the high power consumption of the 

conventional LTE-A network can be reduced by incorporating multiple transmitting antennas at the eNBs 
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and also by the use of more efficient power amplifiers such as the Doherty power amplifier. Again by 

introducing a load balancing technique into the operation of the eNBs the power consumption of the eNBs 

can significantly be reduced. However the power reduction comes along with a corresponding reduction in 

the number of active users that can be served per eNBs. When the power of the macrocell eNBs and 

microcell BS were reduced, the quality of service to the M2M devices and user equipments were maintained 

under various channel conditions. Again deploying microcell underneath the macrocell eNBs lead to a denser 

network but with less energy consumption which goes to improve the overall network power efficiency 

thereby improving the LTE-A network performance as a whole. This reduction in power consumption also 

leads to a reduction in the amount carbon emission into the atmosphere. Introducing more microcell BS into 

the LTE-A network will lead to frequent handovers when the macrocell eNBs are switched off. However we 

assume that most of the UE’s or M2M devices are stationary devices such as vending machines, point of sale 

devices, utility meters, etc then the issue of hand over will not arise. Again injecting more microcell BS into 

the LTE-A network will reduce the distance between the BS and the M2M device and therefore the M2M 

devices will not have to expand so much energy in transmission. 
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