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Abstract 
 
In the struggle for reducing the environmental impact of information and communication 

sector emphasis Telecommunication and wireless network, power consumption of the 

network has become more attention topics. Though mobile communication network are 

responsible of small sharing of total globally energy consumption, reducing this power 

consumption has become an essential key from perspective of environment impacts and 

operator cost views. Approximately 90 percent energy consume due to the core network, 

and radio access network (Mobile Station and Base Station) in wireless network and 

whereas the BTS is the main energy hungry component which consume maximum energy 

of that. Within base station, a huge amount of energy is wasted in the power amplifier 

and through the antenna feeder cable. This paper deals with study and analysis of the 

investigating power consumption in wireless network and investigating the possible way 

to reduce the power consumption at Base Station and characterize few linearization 

techniques to improve the linearity and efficiency of RF power amplifier. In this regard, 

we also try to characterize the amount of power, which can be saved by shutting down or 

putting the BCCH carrier channel or TRX on sleep mood during the low traffic period. 

Finally this project subsequently relates goal the power consumption reduction in 

wireless and mobile communication network being environmental   sustainable and 

friendly.  
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ICT Information and Communication Technology 

IT Information Technology 

CO2 Carbon dry Oxide 

BTS Base Transceiver Station 

GSM Global for Mobile Communication System 

UMTS Universal Mobile Telecommunication System 

WCDMA Wide Band Code Division Multiple Access 

BSC Base Station Controller 

LD-MOS Laterally Diffused Metal Oxide Semiconductor 

GaAs Gallium Arsenide 

SiC Silicon Carbide 

GaN Gallium Nitride 

DPD Digital Pre-Distortion 

HBT Hetero-junction Bipolar Transistor 

ERP Effective Radiated Power 

DCS Digital Communication System 

R&H FSH3 Rohde Schwarz 

TRX Transceiver 

AFRCN absolute Radio Frequency Channel Number  

BCCH Broadcast Control Channel 

TEMS Test Mobile System 

LCA   Life Cycle Assessment 
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Chapter 1 Introduction 
 
1.1 Background 
1.1.1 Information and communication Technology: 
 

The Information and Communication Technology (ICT) is an important sector where the 

total human beings society which is experiencing transformation, catalyzed by it. 

Information and communication technology is a potential large impact sector in the world 

competition with consuming energy and changing CO2 emission and the world’s climate. 

ICT sector can be subdivided into the following manure–Information technology (IT), 

Telecommunication technology and Network Technologies.ICT sector is getting 

consumption energy in percentage which varies between 3% over the total global energy 

consumption [1].On the other hand, The ICT sector is emitting two percent of the global 

CO2 emissions [8].Both growth rates are still increasing in the future which have a great 

impact on energy demand with global warming and Environmental 

 

The primary sources of greenhouse gas and carbon based emissions are directly 

proportional to the energy production and consumption, transport, land use changes waste 

management etc. The main sources of changing climate are coming from the proliferation 

of user devices, which all of them need power and to generate heat radiation. So energy 

consumption and reduction co2 is a key driver issues in the modern ICT sectors. 

 

1.1.2 Telecommunication sector 

Telecommunication is a more dynamic and significant parts of ICT sector. The huge 

amount of energy is consumed by the telecommunication sector, which is increasing as 

advantages in Information Technology are being made. Energy used in 

Telecommunication sector is estimated for fixed telecom network, cellular wireless 

communication and data centre. The Telecommunication sector consume energy 
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approximately 1% in percent through the global energy consumption [10] and on the 

other hand, this sector is responsible  for approximately less than 1% of the total CO2 

emission in the world. This percentage rates is still increasing in the future. 

 

1.1.3 Wireless network 
  

The wireless network can be viewed into three major subsection-core networks that is 

working as switching system, interface to fixed network and billings system.2nd base 

station (BTS) which is established the radio frequency interface between the network and 

mobile station. Other, mobile station, which is used by the subscriber making a phone 

and data call [2].The core network and Radio Access network –(base station,MS ) is 

energy greedy. It is estimated that over 90% of the energy consumption in wireless 

network due to those two elements [10].According to the system architecture of GSM and 

UMTS, the numbers of core networks (switching center) is relatively less and as results 

power consumption is lower by it. As the numbers of base station is higher, so normally 

we can say it then power consumption is getting higher by the BTS. 

 

1.2 Problem Definition 

The main purpose of this thesis project is to investigate the energy consumption and 

respective CO2 emission in the different sectors of telecommunication and of wireless 

network. The largest volume of energy consumption in the GSM and WCDMA networks 

that is given due to the base station (BTS) and it consume the most of the energy and 

other sides contribute the highest CO2 footprint in the wireless networks [11].This paper 

[2] said that in order to reduce the total power consumption of the wireless network and 

environmental net impact like CO2 emission as resulting of the energy used, first have to 

reduce power consumption at BTS. This paper also said that it’s possible to reduce 25% 

power consumption during the low traffic period with set up the some radio equipments 

component on standby or shut down mode with same efficiency and turn off the some 

Trans receiver station or  cell sites [10].The author wrote in this paper [2] that the power 

consumption of BTS is mostly dominated by the RF power amplifier and produced as 

much as radiated heat. 
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1.3 Related work   

There are several works which have done to measure the energy consumption and CO2 

emission in the different part of telecommunication network.’ Emerson network power’’ 

[10] estimated that more than 90% power consumption in the wireless network by the 

operator parts. The operator parts consist of the two components –one mobile switching 

center including BSC & radio interferences and billing system and others mobile base 

stations (BTS).The base station consume maximum power of it. Nokia-Siemens [2] said 

that improving the base station as energy efficiencies, it’s possible to reduce the energy 

consumption overall wireless sector. This paper represent some method in order to reduce 

the energy consumption as improving transmitter efficiency, system level features to use 

air cooling, to use alternative energy source (wind ,solar etc.) and during the low traffic 

load  (night period) [2].CO2 footprint are mostly given due to the large use of fossil fuels 

as power source[2].The author  proposed three step in [2] in order to reduce the power 

consumption and CO2 emission in wireless network –to minimize BTS energy 

consumption, to minimize the numbers of BTS, using renewable energy source[2]. 

 

This paper [10] also showed that energy consumption in wireless network during the 

various traffic loads. They also proposed that to reduce the numbers of some active 

devices during low traffic such as nighttime and weekend day, then it is more possible to 

save energy [10]. 

 

The 2% of the input dc voltage is using at the transmitter as RF power because due to 

inefficiencies of the RF power amplifier and rest of power is to use  for the radio 

equipment and signal operation and also a large amount radiated as heat.[14]. 

 

Ericsson life cycle stated [8] that the annual CO2 emission per subscriber for GSM and 

UMTS (3G).They also present two specific criteria for reduction of energy consumption. 

To improve base station as power savings it is also significant to focus on tower tube 

improvement for building telecom sites [7]. 
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1.4 Approach    

Most of the work in this master’s thesis that is conducting  as main issue to reduce the 

power consumption and CO2 emission in the different parts of wireless network and of 

Telecommunication sector. The rate of mobile subscriber’s is rapidly increasing on the 

demand of transferring information. Nowadays this figure is approximately 3.7 billion 

around the world [10] and within a few year this amounts of mobile subscriber will be 

expected approximately 6 billion around the world. The operator and subscriber are 

demanding a large use of energy and other hand they are taking the responsibility of a 

large amount of CO2 emission into the global environment. So both have a great impact 

on human’s beings and environment.  The reduction of the power consumption and CO2 

emission is being main issued because of giving some reason. The cost of energy is 

increasing rapidly in the future and it is making an undesirable part of the operator cost of 

the telecommunication sectors. The CO2 gasses emission is also rapidly increasing due to 

the telecommunication sector for using fossil fuel, which has a great impact on the global 

environments. It has become our responsibility to reduce the energy consumption and 

CO2 gasses emission in the wireless network and Telecommunication. 
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Chapter 2 Power Consumption in wireless network 

 

This chapter reviews power consumption in various part of a mobile network. Wireless 

Network consists of three main components. Core Network, Base Station and Mobile 

Station. The maximum energy consumption in wireless communication network is given 

by the above three basic components. The following figure shows total power 

consumption in cellular communication network 

                           

                
          Figure 2.1: Total Power Consumptions in cellular network 

 
 
 
2.1 Core Network 
 

Core network is a basic element of wireless communication network that maintain 

various services to subscriber who are linked by the access network. Core network can be 

split up into two categories- one Mobile application part (MAP) which is using for Global 

system for mobile communication (GSM) and Universal mobile telecommunication 

System (UMTS).Secondly the IS-41 core network developed in USA which are using for 

D-AMPS (time division multiple access).CDMA-one and CDMA2000.Core network are 

performing switching task between MSC and User end. It also established the interface to 

fixed network and billing system. Number of core network component is relatively less . 
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Normally power consumption by the core network components is low. One single core 

network component can consume a power of approximately 10 KW [11].Fig 2.2 showing 

the IMT-2000 network architecture for 3G/UMTS 

G-MSC
MSC/
VLR

SGSN
GGSN

RNCNODE B
BTS

 
 

                                      Fig 2.2: IMT-2000 network architecture model 
Here 
ATM = Asynchronous transfer mode 
GGSN=Gateway GPRS support node 
G-MSC=Gateway mobile switching center 
RNC=Radio network controller 
SGSN=Serving GPRS support node 
 
 
 
2.2 Mobile Station 
A mobile phone or cell phone is a electronics device which is used to transfer the voice or 

data information over cellular communication network. Nowadays mobile phone are 

providing various additional service and accessories like SMS, email, packet switching 

for access to internet, game, Bluetooth, infrared, camera system with recorder, MMS, 

MP3 player, radio, and GPS etc. The power consumption of mobile terminal is relatively 

low as compare with other component of the wireless network. After all, Because of 

demanding various application services accessories the energy consumption due to the 

mobile phone is too significant.  

 

 

 



12 
 

 

 

 

  Fig 2.3: Power consumption due to Mobile Station 

 

Normally when a mobile phone is on charging mode then the power consumption is 

around 2.3W to 3W. When the charger is plugged in outlet through the wall but the 

mobile phone is not to use in during this time it can consume around .45w.The battery 

charger of the mobile phone are normally plugged in to the main supply when even 

people are not charging. We consider that people charges their cell phone two times per 

week and two hours per times. So the rest of 164 hours per week, only charger wasting 

power in showing above figures. As a result, approximate 87 % of the power 

consumption due to the cell phone charger is wasted. 
 

2.3 GSM Base Station 

The Global system for mobile communication (GSM) is the leading system for mobile 

communication in the world. Cellular mobile communication has reached a global scale 

under GSM system. After this which has quickly become enhanced to GPRS and EDGE 

 Mobile charging 

mode  

Mobile charger plug in to 

outlet  

Power  2..3-3W  0.45W  

Duration 

twice per 

week(2h 

per cycle)  

4h*2.8W=11.2Wh  0.45W*164h=73.8Wh  

Annually  11.2*52=582Wh  73,8*52=3837.6Wh  

 13% used  87% wasted  
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system. Mobile communication network consists of main few nodes like Mobile Station, 

Base transceiver Station and Mobile Switching Center, which is responsible for more 

power consumption than other is. Base Station (BTS) is the basic component of the 

wireless communications network. Other hand Base Station is responsible for maximum 

power consumption overall network. Every Base Station in GSM communication 

network can be built as Omni or sectored dangling on outlining requirement. Normally 

Base Station is conveying between the mobile station through the air interface and A-bis 

interface. 

 

One base station site is called as one cell, which is used, by Omni directional 

transmission and receiver antenna and when consider as two cell sites that is called two –

sector that is using wide beam directional antenna and with three cell sites that is called 

3-sector, which is using narrow beam directional antenna. One cell site Base Station is 

rarely used because it gives less coverage area. Two sector BTS are using for road 

coverage and three sector BTS are using for large area like urban suburban and rural area 

because of having the largest coverage area. The basic function of BTS is to send and 

receive voice signal and data message to MS and from Mobile station through the radio 

interface. 

 

The following table shows the power consumption estimation for GSM macro base 

station, which operates on a medium, or high capacity sites for urban area and other 

deployment on a low capacity sites for rural area. They can have configuration 6/6/6 and 

2/2/2 respectively [17]. 

 

 

 

 

 

 

 

 



14 
 

 

 

 

Power consumption for GSM macro BTS 
Configuration type 6/6/6 2/2/2 
Baseband accessory 300 W 200 W 
TRX     40W power amplifier with eff. 35% 2200 W 700 W 
  BTS consumption 2500 W 900 W 
Other accessory  100 W 100 W 
AC-DC  power conversion 370W 130W 
Power consumption at site 3000 W 1130W 
Cooling system ,consumption around 30% 700 W 300 W 

Power consumption with cooling system 3700W 1430W 
Cavity combiner insertion losses .2 dB (5%)   
Cable feeder losses with 50 m length (3 dB)   
RF feed per carrier signal 27 W/14.3dBW 27 W/14.3dBW 
ERP per carrier signal with 18dBi antenna gain 32dBW 32dBW 
 
Table 2.1: power consumption for 6/6/6 and 2/2/2 BTS sites area 
 
 
 

2.4 UMTS/WCDMA Base Station  

Mobile communication has become a wide Variety of communication service as high-

speed data transmission, video, multimedia service and voice signal transmission. This 

technology is need to turn out the modern challenges to build up these services available 

that known as third generation cellular system. One of the most pledge challenges to the 

third generation cellular system, which is to combine WCDMA air interface with the 

second-generation cellular system (GSM). For WCDMA network, Base station can 

synchronously transmit voice and high-speed data transmission as well as high service 

quality. WCDMA is the Code division multiple access technology that spread data 

transmission through the 5 MHz bandwidth. 
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The following table showing the main feature of a large capacity WCDMA/UMTS base 

station [15]. 

Frequency band Uplink frequency : 1940-1960 MHz 
Downlink frequency : 2130 -2150 MHz 

Chanel bandwidth 5 MHz 
No. carrier  Four carrier maximum 
Access System DS-CDMA/FDD 
Number of cell sector 6 sectors maximum 
RF output power 80 watt per sector 
Channel capacity  2880 voice channel or equivalent 
Transmission rate Voice: AMR and data 384 Kbps maximum 
Transmission link or line interface 6.5 Mbps   or 1.5 Mbps 
Equipment dimension  800*600*1800 mm 
 
Table 2.2: Specification for a typical WCDMA/UMTS base station 

 

Nowadays WCDMA base station affords a large channel capacity in a dumpy size with 

less power consumption. It delivers four times channel capacity as much the same power 

consumption as compare with traditional BTS [15]. 

The following table showing power consumption estimation for 3G macro BTS with 

1/1/1 configuration [17] 

 

Configuration type 1/1/1 configuration 
Baseband accessories 400 W 
TRX 40 W PA with 15% efficiency 800W 
Power consumption at Node B 1200 W 
Other accessories 100 W 
AC-DC conversion  150 W 
Power consumption at sites 1450 W 
Cooling system 400 W 
Power consumption with cooling system 1850 

Cable feeder losses 3 dB (50 m)  

Net RF feed per carrier signal  28 W /14.47dBW 

ERP per carrier signal with 18dBi antenna 32dBW 

 
                       Table 2.3 Power consumption for 1/1/1 3G macro BTS sites 
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2.5 Various type of base station in Configuration 

Base station can be designed depending upon location area and how is traffic load in that 

area .The following figure is describing the implementation of various kind of base 

station 

 

 
                          Figure 2.2: BTS implementation area for outdoor sites 

 

 

The 2-carrier 6-sectors base station has capacity to survive 720 channels or more voice 

channel per frame [18]. 4-carrier 6-sectors BTS has capacity to survive four times of 

that’s capacity. It can accommodate 2880-voice channel .it also possible to increase the 

data rate for communication with improving turbo coding /decoding throughput of base 

band signal processing unit [18]. 2-carrier 1-sector BTS are installed for economical and 

low capacity area where traffic load is relatively low. It can accommodate 240 channel or 

more. This BTS cover suburban area. The air conditional system can be removed from 

conventional air condition to heat exchanger in order to reduce the power consumption, 
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regular maintenance and operation noise.1-carrier 1-sector BTS are designed for two 

configurations. So one can be installed for indoor area with low output power and 

normally this low output indoor base station is to develop for giving the service in radio 

communication blind area such like inside the building, underground area and subway 

station. Secondly 1-carrier 1-sector BTS can be installed for outdoor area with high 

output power. This high output BTS are to develop for providing the service for suburban 

area where less traffic area and where no radio service due to rough terrain. It can 

accommodate 80 numbers of channel capacity or more. The following table is giving the 

specification and power consumption of BTS. 

 

  2-carrier 6-

sector 

BTS 

2-carrier 6-

sector 

BTS 

2-carrier 1 

sector 

BTS 

1-carrier 1-

sector 

with low output 

 

1-carrier 1-
sector 

with high 
output 

 

Channel 

capacity 

  From 720 

     channels                                

Up to 2880 

  channels 

    From 240 

     channels                                

From 80 

channels 

From 80 
channels 

Power supply -48 ± 6 V DC -57 to – 40.5V 

DC 

-57 to – 40.5V 

DC 

100V± 10 % 

AC 

-57  to – 
40.5V DC 

Power 

consumption 

10 KW or less 10 KW or less 2.2 KW or less 400 W or less 650 W or less 

 

 Table 2.4: specification and power consumption for various 3G CDMA Base Station 

 
 
2.6 Power consumption due to the Base Station equipment 

Base station is the main power hungry element in the cellular network. It consume more 

than 90 percent power overall network. The power consumption of BTS depends on the 

type of base station like macro base station, micro base station, Pico base station and 

depends upon base station sectoring. It can be one, two and three sector cell pattern. 

Normally power consumption of macro base station is higher than micro and Pico base 

station.  

Base station consists of few elements such as DC power supply, Cooling System, Radio 

unit and base band unit. The following figure 2.5 shows the Base Station Block diagram 
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                                Fig 2.5: Base Station Block diagram 
 
2.6.1 DC power Supply 

The basic function of power supply is to produce a power for whole equipment of Base 

station transceivers. It takes AC supply as an input and produce DC voltage as power. To 

set DC power supply in order to provide the suitable DC supply to Radio equipment and 

Base band unit in the Base station cabinet. The size and capacity of the DC rectifier is 

depending on the several of the Base station cabinet size like small system, medium 

system and large system. Approximately 11 percent of powers are consumed due to DC 

power supply at the Base station cabinet. [20] Example specification of the DC power 

supply of base station cabinet is given in the following electrical Specification of DC 

power supply.  

For small system: 

 
Input Output 
Voltage range 220 Vac (150V~300V) Voltage :-48Vdc 
Current 18 A Current:40 A 
Frequency: 50 Hz (47~63Hz) Maximum power:2260 W 
Efficiency 87%  
 
Table 2.5 Specification for DC power supply for small system 
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Input Output 
Voltage range:150V~280V Maximum output power 4250 W 
Current 33A (Max.) Voltage:-48Vdc 
Frequency 50 Hz (47~63Hz) Current 75 A 
Efficiency 85%  
 

Table 2.6: specification for DC power supply for medium system 

 

This DC power system can be used for GSM, CDMA base transceiver, module station, 

rural station, small capacity switching office in local network.  

 

The large DC power system is used when the system cabinet is to need greater than 

4000W power [21]. It has a large capacity. This power system can be used for mobile 

switching centers, Base station controllers, GSM base station, CDMA base station 

cabinet, terminal station, transmission equipment and data communication equipment. It 

also has AC input capacity such like 415Vac (AC Voltage), 50A. 

 
2.6.2 Cooling system 

Nowadays wireless sector is demanding how to decrease the energy within separate 

temperature zone in an electronics enclosure, extended life span and want to confirm that 

every component in an electronic shelter or cabinet should be worked in its high 

performance. Power consumption of base station is much larger than any other public 

institute (buildings) because of a large amount of heat is generated from telecom 

components and environmental requirement for their suitable operation. Approximate 25 

percent energy consumed which is  due to air condition ring or cooling system out of the 

whole energy consumption of baste station[19] A large amount of BTS are installed over 

the world within telecommunication network. Cooling system or air-conditions system 

adds more energy consumption over the wireless network. That is why energy savings 

gets more attentions.  
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Radio base station used in mobile telecommunication systems is responsible for 

producing an amount heat and which needs to be removed. A typical Base station cabinet 

can produce as much heat as approximately 1600-2500W [21]. Approximately 80% of 

the amount of this heat radiation produces in the radio transmitter equipment [21]. 

Normally base station cooling system are designed in order to full fill the requirements 

event by indoor climates, which observed to the temperature  

 
2.6.2.1 Air-condition 

For base station or base station cabinet, it is an important problem solving which the 

internal heat generated and radiated. Outdoor temperature or weather condition of base 

station and small size of shelters can provide to indoor weather temperature increase. 

Actually Air condition are  designed to maintain internal temperature of cabinet as close 

as 25° C to +30°C and in order to protect the electric components from damage in 

increase of temperature[1006]. 

 

Usually  base station are to cooled down to 25°C under various type of Air conditioners 

for reliable cooling and Consider to be designed which is requirement less than .5°C 

temperature changing per minute. Telecom standard (ETSI European Telecom Standard) 

has one limitation that inside the cabinet of mobile base station not greater than 0.5°C 

temperature changing per minute. Its quit hard cooling air forced from outside into inside 

of cabinet by using fan. Therefore, air-condition is essential for cooling the base station 

cabinet. 

 
2.6.2.2 Heat exchanger or free cooling system 

A normal base station that has been placed along the street, with mast; will build up a 

huge amount of heat load from its component (GSM and UMTS). Average power 

consumption in order to cool down the cabinet or shelter place, is up to 26280 KWh /year 

[22].If outside filtered air is used to cool down the cabinet. In this case, power 

consumption is much lower. 
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2.6.2.3 Ventilation cooling Technology 

Ventilation cooling technology has been developed in order to formulate the full use of 

outdoor cooling fresh air. Internal heat generated inside the cabinet, which is directly 

taken away by using outdoor fresh cooling. In that case energy consumption of, air-

condition is to make up relatively low. That is mean the running time of air-condition can 

be less. 

 

2.6.3 Baseband signaling unit  

Normally, base band unit consists of base band transmitter and receiver (BB-TX and BB-

RX) and cooling fan. The digital data can be processed in the base band unit. The base 

band units produce the data, which are feeding into Radio unit. This equipment also 

responsible for consuming more energy 

 

 

2.6.4 Power consumption due to Radio Unit 

RF unit consists of power amplifiers transceivers and cooling fan. This component 

converts the digital signal into radio frequency signal. This component is directly 

connected to the Antenna via coax feeder cable. Radio unit consume more than   60 

percent of the energy of the base station cabinet. 

 
 
2.7 Power consumption due to propagation path losses 

Path loss propagation relates communication attenuation between transmitting end and 

the receiving end Propagation losses are caused by the natural expansion of RF signal 

front free space that takes the shape of an increasing sphere, absorption losses. Normally 

when RF signal passes through the different kind of media, it cause reflection, diffraction, 

scatting and absorption due to the obstacles .As a result received signal strength can be 

either increased or decreased.  

 

 In cellular communication system using this method, we will analysis the propagation 

path losses, which can precisely and rapidly construe cellular mobile communication 
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propagation environment in urban. Suburban, free space, rural quasi-open area and rural 

area for GSM 900MHz, GSM 1800MHz and WCDMA/UMTS network. 

 
 
2.7.1 The COST 231/Walfish-Ikegami model for micro cell area [23, 40] 

This model has been developed for urban environment that is presented by non-line of 

sight. This propagation model is used for various cell types –macro cell, microcell, Pico 

cell or indoor cell. 

 

 
2.7.1.1 Specification] 
 
Carrier frequency f= 800-2000 MHz 

Base station antenna height bH =   4 - 50 m 

Mobile antenna height mH = 1-3 m 

Distance d= .02 – 5 km 

Building roof height roofH  =15 m 

Building separation b = 40 m 

Width of the road w = 20 m 

Road orientation wart the direct radio path φ = °90  

Area consider = metropolitan and medium sized area  

 
 
According to the above model, the propagation path loss is given by the following 
equation [1] 
 
L = fsL + sdL + msdL                                                                                                   (1) 

 
Where fsL = Free space path loss (dB) 

            sdL = Single diffraction and scattering roof to street path loss (dB) 

            msdL = Multi diffraction path losses (dB) 
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Free space path loss occurs when electromagnetic wave signal propagate on line of light 

under free space. That is meant there are no obstacles between transmitter and receiver, 

which can cause the reflections. When a signal coming out from transmitter as in the 

form of sphere. As a result, the surface area of the sphere is automatically increased. 

They cause an energy conversion law. So the signal strength will be decreased .We can 

say that the signal strength is inverse proportional to the square of the distance. 

 

Signal strength =
2tan

1
ceDis

                                                                  (2) 

 
Free space path losses is given by the following equation 
 

fsL  = 
2

2224
λ
π d

  

fsL = 32.4+20*log (d) +20*log (f)                                                            (3) 

 
Where,  
         λ = wave length of the light 
Diffraction and Scattering roof to street path losses is given by the following equation 
 

sdL = -8.8+10*log (f) +20*log ((
w

HH mroof − ) + L (φ ))                                              (4) 

L (φ ) is the street orientation function and phi is angle between the incident wave from 

base station and travelling direction from the mobile [1]. 
 
 
Where  
                          
                             -10+0.354* φ                              °0 φ≤ < °35  

             )(φL =




2.5+0.075*(φ - °35 )                    °35 φ≤ < °55  

                             4.0-0.114*(φ - °55 )                     °55 φ≤ < °90  
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Here we consider phi as 90 degree. So we can get the street orientation function as the 
lower equation. 
 
And multi diffraction path losses is 
 

msdL =  bshL + ak + dk *log(d)+ fk *log(f)-9*log(b)                                                   (5) 

 
 
 
Where the base station height is greater than height of the building roof .So we consider  
 

bshL = -18*log (1+ ( bH -H r ))      bH > rH  

 
                                                         
                       

                     54                               bH > rH  

         ak =




54-0.8*( bH -H r)       d km5.0≥ , H b rH≤  

                     54-1.6*( bH -H r )*d   d km5.0≤ , H b rH≤  

 
So in our case, we will select Ka = 54 because base station antenna height greater than 

building roof height. 

 

   dk =




18       bH > rH  

                 18-15*( bH -H r)/ rH  H b rH≤  

So considered the value of dk  is 18 

 

fK = -4+




0.7*(f/925 -1)       for medium sized city  

                    1.5*(f/925 -1)      for metropolitan centre 
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2.7.1.2 Simulation for path loss propagation 

The following graph shows that the path losses versus cell radius for medium sized city 

and metropolitan city area at GSM 900 MHz The path losses are narrow difference at 

GMS900 for medium sized city and metropolitan area 
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Fig 2.6: path losses versus cell radius from medium sized city and metropolitan area 
(base station height H b=17m and mobile antenna height H m =1.5 m 
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                Medium sized city                  Metropolitan center area 
Cell Radius (km) Path loss (dB) Cell Radius (km) Path loss (dB) 
0.95 127.1 .95 127 
 1 127.9 1 127.8 
1.1 129.5 1.1 129.4 
1.15 130.25 1.15 130.1 
1.2 130.9 1.2 130.8 
 
 
Table 2.7: path losses on difference distance between medium city and metropolitan 
center area 
 
The following figure shows the path losses at various environment e.g. medium sized 
city, metropolitan city area and free space sites for GSM 1800 MHz    
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                        Fig 2.7: path losses versus cell radius for GSM1800 MHz 
 
In the above figure, we can see that propagation loss 2-3 dB difference between medium 

sized city and metropolitan center and losses is less free pace. In addition, it depends 

upon the frequency. Propagation path loss in GSM900 MHz is less than GSM1800 MHz 



27 
 

 
Medium sized city Metropolitan center Free space 
Cell 
Radius 
(km) 

Path loss (dB) Cell Radius 
(km) 

Path loss (dB Cell 
Radius 
(km) 

Path loss (dB) 

1 138 1 140 1 98 
2 149.5 2 152 2 104 
3 156 3 158 3 108 
4 162 4 164 4 109 
5 163 5 168 5 112 
 
                                      Table 2.8: path losses for GSM1800 MHz 
 
The following figure shows the path losses at various environment e.g. medium sized 
city, metropolitan city area and free space sites for UMTS/WCDMA. Propagation path 
loss in UMTS /WCDMA network is more than GSM900 and GSM1800. 
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Fig 2.8: path losses versus cell radius for UMTS/WCDMA Network 
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Medium sized city Metropolitan center Free space 
Cell 
Radius 
(km) 

Path loss (dB) Cell Radius 
(km) 

Path loss (dB Cell 
Radius 
(km) 

Path loss (dB) 

1 142 1 144 1 98 
2 152 2 156 2 106 
3 158 3 162 3 109 
4 164 4 168 4 112 
5 167 5 170 5 116 
 
 
Table 2.9: propagation path loss for UMTS/WCDMA network 
 
  
2.7.2 The Okumura Hata Model and COST 231-Hata propagation 

Model (for larges cell area)  

This model [23] is the most broadly used model for measuring the path losses in macro 

cells environment. This model has capability to measure path loss in three categories for 

urban, suburban and rural area. 

 

2.7.2.1 Specification 
 
Signal Frequency, f= 150-1000 MHz 

Base station height H b= 30 – 200 m 

Mobile height H m =1-10 m 

Distance d= 1-20 km 

 

The Okumura Hate model is given by the following equation for urban environment. 

 

Lurban=69.55+26.16*log (f)-13.82*log (H b )+A*log (d)-B                                    (6) 

A=44.9-6.55*log (H
b
). 
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Where 

                B is the correction factor for vehicular station height. The value of B can vary 
depending up on the city area and frequency. The value of B is to write for medium to 
small city and which is valid for all frequencies. 
 
B= (1.1*log (f)-0.7)* H m -(1.56*log (f)-0.8)                                                               (7) 

 
We can write the following equitation for suburban environment 
 
L suburban =69.55+26.16*log (f)-13.82*log (H b )+A*log (d)-B-C                             (8) 

 
Where  
                C= 2*[log (f/28)] ^2-5.4 
 
For rural quasi open and rural open area  
 
L rqo =69.55+26.16*log (f)-13.82*log (H b )+A*log (d)-B-4.78*[log (f)]^2+18.33*log (f)-

35.94                                                                                                                                (9) 
 
And for rural quasi open area 
 
L roa =69.55+26.16*log (f)-13.82*log (H b )+A*log (d)-B-4.78*[log (f)]^2+18.33*log (f)-

40.94                                                                                                                              (10) 
 
The COST 231 Hate model can be measure the prediction of the path losses up to 2 GHz 
frequency  
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2.7.2.2 Simulation for COST 231-hata model 

The following figure showing the propagation losses for a large cell sites at GSM900 

MHz where the base station height around 50 meter and mobile station height about 2 

meter. We measured the propagation losses for urban, suburban, free space, rural quasi-

open area and rural open area which all show on the following figure. 
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Figure 2.9: propagation losses versus cell radius for 900MHz (base station height-50 m 
and MS height 2 m) 
 
The following figure showing propagation losses for a large cell sites at GSM1800.we 

considered base station height 50 meter and mobile height 1.5 meter. We can compare the 

two figures so that propagation loss in GSM1800 is 10 dB more than GSM900 MHz at 8 

km cell distance where it was 152 dB in GSM 900 and 162 dB in GSM1800 MHz for 

urban area. 
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Figure 2.10: propagation losses versus cell radius for GSM 1800MHz (base station height 
50 m and MS height 1.5 m) 
 
The following figure shows propagation path losses for GSM1800 with base station 

height 90 meter and mobile height 1.5 meter for a large cell application. We can see on 

the figure so that increasing the base station height propagation path loss going to 

decrease.  

 
Figure 2.11: propagation losses versus cell radius for GSM1800MHz (base station height 
90 m and MS height 1.5 m) 
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The following figure shows the propagation loss for UMTS2100 MHz with base station 

antenna height 17 m and mobile height 1.5 meter. We can see on the following figure so 

that path loss in UMTS network is more than GSM900 and GEM 1800 network.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.12: propagation losses versus cell radius for 2100MHz (base station height-17 m 
and MS height 2 m) 
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Chapter 3 (Methodology) Improving the energy efficiency of BTS 

This chapter reviews the following methods to improve the power consumption in mobile 

network. The few models can be followed up in order to improve the energy efficiency of 

base station. 

 

3.1 Improve the efficiency and linearity of RF power amplifier: 

Nowadays-wireless Communication Company has interested for high efficient linear 

power amplifier to adjust the current wireless technology. UMTS network and past 

communication network propose high data rate transmission and transmitting the power, 

which bears high peak to average ratio signal. The BTS power amplifier drives at the low 

power level than the maximum and a resulting of degrading more the efficiency. The total 

energy consumption of third generation BTS more differs than the second generation 

BTS whereas current BTS use more radio frequency carriers and they have more signals 

processing units. As a result, the RF power amplifier consumes a large portion of the 

power. So it has become more important to reduce the power consumption of the RF 

power amplifier for achieving the high capacity base station. In order to obtain best 

achievement in reduction of power consumption of amplifier, to increase the energy 

efficiency and linearity of the power amplifier must be increased. Energy efficiency of 

the amplifiers can be defined as the ratio of the output power and the total power 

consumption. So we can say like Amplifier efficiency can be a term of measured so that 

how much of the input signal is usefully applied to the output. There are a few 

techniques, which can be used to increase the linearity of PA like feedforwad, pre-

distortion, Cartesian Feedback. The feed forward amplifier is a well-known linear 

amplifier and that is used in current WCDMA BTS. This amplifier has good stability and 

linearity. However, it has relatively low energy efficiency. On the other hand, if the 

power amplifier would be designed with digital pre-distortion and crest factor reduction 

techniques, then the power efficiency of the RF amplifier will be approximate double 

than the current using feed forward amplifier.  
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While increasing the improvement in power, efficiency of the amplifier, which has more 

significant reduction of the total power consumption of base station equipment, and make 

it as high capacity base station and low CO2 emission. 

 

 

The main requirements for future RF power amplifiers is given into the following 

•  High linearity, which can satisfy higher order modulation schemes? 

• To have greater average output power levels. 

• To have broader operating bandwidth  

• To reduce the operational expenditure by decreasing the energy consumption 

at BTS. 

• To decrease the environmental impact by reducing the wireless network 

energy consumption. 

 

3.1.1 Various type of power amplifier for wireless communication 
system 
Power amplifier is the most important device to study for high frequency data 

transmission networks, since it takes the responsibility for the largest power consumption 

at base station. RF power amplifier approximately consumes 47% power in typical 

UMTS base station and the DC rectifier, cooling system and base band signal processing 

system of BTS, consumes rest of the power. More efficient and linearity Power amplifier 

can reduce more energy consumption and heat dissipation. With reducing the energy 

consumption, the base station can decrease the environmental impact of radio network 

system.  The classifications of the power amplifier are given by the following. 

 

Class A: Class A amplifier has a highly linearity as compare with other classes. It has 

few drawbacks with low efficiency due to high-energy consumption because of operating 

point of PA in the middle of saturation region, which provides dc current during the 

whole operation. It has drain efficiency around 50% and it has maximum bandwidth as 

compare with other classes. 
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Class B: class B operates at the cut off voltage of the transistor, which only provides 

half-sinusoidal waveform when a full sinusoidal waveform is applied to the input. It has 

maximum efficiency around 79% and lower bandwidth as compare with class A. 

 

Class AB: the operating point of this amplifier is cooperating in between Class A and 

Class B operating point. Class AB amplifier has maximum efficiency of 50% and 79% in 

the lowest and highest linear operation. it has higher bandwidth as compare than class B 

and lower bandwidth as compare with class A. It can be an amplifier with high efficiency 

and high linearity and it is usable for wireless base station. 

 

Class C: this power amplifier has relatively high efficiency and low power radiated. The 

bandwidth of class C is smaller than class B but it is the highly nonlinearity. 

 

Class E. this amplifier has higher efficiency; it is close to 100%.that means it has no 

power losses theoretically. Linearization techniques can be applied for eliminating the 

nonlinearity behavior [24].This amplifier has better performance if it can be used in base 

station   because of high efficiency .It has lower bandwidth as compare with Class 

A,B,AB. 

 

Class F. It also high efficiency amplifier. It is similar as Class E amplifier. Class F 

amplifier is also suitable for base station because of higher efficiency. 

The following table shows the performance of efficiency, linearity, bandwidth of various 

type of amplifier 

Amplifier class Efficiency  Linearity Bandwidth 

Class-A Low  Very good Very good 

Class –AB,B Moderate Good Good 

Class –C,E Good Low Low 

Class-F Very good Very low Very low 

 

Table 3.1: performance for various types of power amplifiers 
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3.1.2 Improving semiconductor materials (LD-MOS, GaAs, SiC, GaN) 

Efficiency and linearity of the RF power amplifier can be improved with developing the 

semiconductor material. Silicon LD-MOS power transistor is an output device that is 

currently using for base station amplifier, but since the operating limitation has already 

reached, So it may be need to improve the semiconductor martial for fulfilling the high 

frequency and high power requirement of the wireless communications [25]. GaN based 

heterostructure transistor device is assuring for high power efficiency and high frequency 

.It is wide band gap semiconductor device, which has significant merit of those 

phenomena. 

 

3.1.3 Improving linearity of PA (feed forward, digital pre distortion, 

feedback) 

The feed forward power amplifier is a multicarrier PA. The following figure is 

shown. 

 
 

Figure 3.1: improving the linearity with feed forward technique 

 

If the nonlinearity distortion is happening due to the main amplifier, which will be 

eliminated at the output stage of power amplifier by subtraction the difference between 
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the original signal and the output of main amplifier. The feed forward PA has good 

stability and linearization [26]. It can be used in WCDMA BTS.  

 

The digital pre-distortion is the other technique for compensating for nonlinear 

distortions in the power amplifier [26]. In the following figure showing the pre-distortion 

operation. In this case, no need delay line component or sub amplifier when pre distortion 

is used whereas it was used in feed forward amplifier. Adaptive digital pre-distortion can 

increase the linear line performance of RF PA more than it is normally possible 

[26].when input power is increased, The output power can be deviated from ideal linear 

character tics and When distortion is occurred in the PA output it can degrade the signal 

quality and interference. So digital pre-distortion differentiate the distortion output signal 

of power amplifier to undistortion input signal and this signal is just opposite to the 

distortion signal in the output signal, which is added to the input signal and cancel out the 

distortion [27]. 

 

 
                           Figure 3.2: Improving the linearity with pre-distortion technique 
 

DPD can increase linear performance of PA by two or 3 dB, consider a significant 

increasing in the output of the power amplifier [27].We can say that the power amplifier 

would be more energy efficient if it has more linear performance. DPD can extend the 

output power of PA by 10 times and simultaneously it extend power efficiency by a 

factor of four [27]. It can  decrease power consumption and make up the system low 
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expensive to deploy cause it emit low power as heat radiation .So it would be more easy 

to reduce the cooling system. The following table shows major feature for three-

linearization techniques for RF power amplifier. 

 

 

Linearity technique Linearity Efficiency Bandwidth 

feedback High Medium Narrow 

Feed forward High Lower Wide bandwidth 

Pre-Distortion Medium High Medium 

 

Table 3.2: feature for Linearization techniques of RF power amplifier 

 

3.1.4 Doherty PA 

Doherty amplifier consists of carrier and peaking amplifier, which the output of the main 

amplifier and input of others are connected with a quarter-wave length transmission line. 

The Doherty amplifier can be provided with DPD an increased in efficiency and linearity 

[28].The following figure is showing the schematic diagram of classical Doherty 

amplifier [29]. 

 

 
Figure 3.3 schematic diagram of Doherty power amplifier 

 

The carrier amplifier operates as a class-B and others as tuned base class-C amplifier. 

The Doherty configuration is capable to provide an efficiency of 78.5% over the upper 

6dB power range [30]. The feedforwad and DPD linearizitation method can be easily 
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implemented to the Doherty amplifier. The following figure is showed the efficiency plot 

of Doherty amplifier. 

 

 

 
                      Figure 3.4: Efficiency plot of Doherty power amplifier 

 

3.1.5 Envelope tracking 

High efficiency envelope tracking amplifier is normally used for wideband code division 

multiple access (W-CDMA) base station. To construct this amplifier, high performance 

GaN heterostructure field effect transistors are used to obtain the high gain, high 

efficiency and linearity. If class E amplifier is employed, It can obtain up to 80% 

efficiency over wide range of input and power supply voltage [31].Efficiency further can 

be enhanced by using envelope tracking technology with a wideband high efficiency 

amplifier. Again, to improve the linearity DPD technology can be used. The measure 

power added efficiency of the PA is 50.7% with average to peak power ratio 7.7 dB in 

average output power of 32 W and 10 dB gain [31].If high performance GaAs HVBT is 

used the measured power added efficiency 58% with average to peak power ratio 6.6 dB 

at the average output of 42W and gain 10.2 dB [32]. 
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3.1.6 Switched PA technique 

The switch mode power amplifier operate the transistor in saturation region, so that either 

voltage or current which depending upon the amplifier classes [33]. It has high dynamic 

output power (typically 20 dB) and high efficiency (>60%) that can easily meet the 

requirement of the linearity. It can operate over 1-4 Giga hertz frequency band. Due to 

switch mode, operation there is no overlap during flowing the voltage or current in time. 

Therefore, the power will not be dissipated switch mode amplifier can obtain 100% 

theoretically efficiency [33]. Research on switched power amplifier has produced 

promising results-class-D, class-E, and class-F PA has reached high peak drain efficiency 

in the GHz frequency range with high output power levels [33]. 

 

3.2 To reduce the power consumption removing the feeder cable losses 

In this model we are considering three sectors Omni, dual carrier, and 20W per carrier 

that is analyzed in ‘’power system Efficiency in wireless communication’’ [5]. We will 

discuss it through the following block diagram. In this situation, it gets the total power 

10.3 KWh as input source power. This power is used to produce the 120 W RF 

transmitting power. That means only 1.16% percent to use as transmitting the RF signal 

out of a large amount of input signal. Therefore, The RBS efficiency is 1.16 percent.  The 

rests of power is to used for base band signal processing, radio equipment unit and DC 

power supply and cooling system which is showing on the block diagram .To produce 

120W RF transmitting signal at antenna side, Its need to supply additional 120 W through 

the feeder cable at the base of tower .Because of this amount will be faded into the feeder 

cable. On the others parts ,radio equipment unit  consumed 4160W  for RF power 

amplification, for signal processing unit 2190W ,for DC power supply 1170W with 85% 

power supply efficiency and for cooling system 2560W. 
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                          Fig 3.5: Block diagram for typical BTS with feeder coax cable losses [5]  

 

Antenna ERP Calculation with feeder cable losses:  

Operating frequency = 2100 MHz 

Cable length 50 m 

Coax cable loss = 3 dB/50 m 

Antenna gain 17dBi 

Power in cable 240 W 

Power out of cable 120 W 

So  

The formula of calculating the ERP of antenna is given by the following 

ERP= transmitted power *cable losses*antenna gain                                                   (11a) 

        = 10*log (240*1000) dBm -3dB+17 dBi 

      ERP =67.80dBm/6.025KW  
 
1 W can be produced 0.34W as heat [10]. 7520W can be produced 7520*0.34=2556 W as 

radiated heat. If the radio unit is to replace from base cabinet and directly connect at the top of 

base station near to antenna, then the feeder losses will be fully eliminated. Radio unit or RF 

power amplifier unit can be connected to the signal processing Unit via optical fiber link. .In case 

of removal feeder cable, it can have few drawbacks like those that if RF radio unit can show 

sometimes trouble then it will be quit hard and costly to maintain it on the antenna tower. 
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                                    Fig 3.6: Block diagram for typical BTS without feeder losses [5] 
 
Antenna ERP calculation without feeder cable: 
Coax cable loss = 0 dB/50 m 

ERP of antenna= Transmitting power (dB) +cable losses (dB) +antenna gain (dB)    (11b) 

                          =10*log (240*1000) dBm-0 dB+17dBi 

                         =70.80 dBm/12.022KW  
 
The following table shows power consumption due to feeder coax cable loss and without 

feeder loss 

 

Power consumption with feeder cable loss Power consumption without feeder cable 

loss 

Power in  240 W/23.80dBW Power in 240 W/23.80dBW 

Power out  120 W/20.79dBW Power out 240 W /23.80dBW 

ERP 37.80 dBm/6.025W ERP 40.80 dBm/12.022W 

Coax cable loss 3 dB/50 meter Coax cable loss 0 dB/50 meter 

 

Table 3.3: Power consumption with feeder losses and without feeder coax losses 
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 If 1 watt save through the feeder cable 

Power save through RF unit =17.40 Watt 

Power save through DC supply = 3.3 watt 

Power save through the cooling system=7.47 Watt 

Total power savings for 1 watt saving in cable =1+17.40+3.3+7.47=29.17 Watt 

Total power savings =29.17*120=3.5 KW with removal feeder cable. 

 

So we can save 3.5 *KW out of 10.3 KW per base station which is equal 33.98 % energy 

saving possible  connecting the RF unit to the antenna with  removal the feeder coax 

cable. Blue Box (1 TRX and 2 TRX) which can operate up to 55-degree temperature 

[41]. Therefore, it can say that it easily possible to save huge amount energy to connect 

the TRX directly to the antenna  

 
 
3.3 Base Station site optimization 

The cooling system is responsible around 25% of energy consumption through the base 

station site [10]. Radio equipment and baseband unit generate a large amount of heat. So 

cooling system is also essential equipment in order to protect the inner components of the 

cabinet from damage. A base station has a long cooling period through the whole year. 

We can eliminate the cooling system by using the natural cooling system where indoor 

and outdoor temperature will equity into the BTS cabinet. For this purpose, ventilation 

technology can be used and where two fan can be used one for taking away inner heat to 

the outdoor and other taking in the fresh cooling air from outdoor. Only air condition 

system can use for summer season from May to September. At the winter season, it can 

be fully eliminated by using the natural fresh’s air. As a Result we can obtain a better 

achievement for reduction of energy consumption and on CO2 footprint 

emission.Erricsson in their life cycle perspective proposed that the concrete base station 

tower has lower environment effect as compare with used steel tower tube [Ericsson 

LCA]. In the city area, the base station can be putted at the top of the buildings without 

using any steel tower.  It is also more energy efficient and cost efficient. It has also less 

CO2 emission. 
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3.4 Alternative energy solutions 

In our continuous effort to improve the energy efficiency of base station. All operator and 

vendor company who are looking forward to reduce the energy consumption for base 

station. Alternative energy source can be used for the following purpose whereas there is 

no electricity grid off or remote base station site or for low and medium capacity sites. 

Few techniques can be considered as alternative energy source. 

 

3.4.1 Solar power 

 Many telecommunication operators already developed a solar power base station, which 

is operating in remote area where the lack of electricity supplies. For low and medium 

capacity sites or repeater sites, it can be used to provide virtually free energy [33].solar 

power is generated using the photovoltaic properties of semiconductor converting the 

light energy source into electricity [34]. It can be installed in area with long and very 

good sunlight and where 6-8 hours sunlight is available during the daytime. 

 

3.4.2 Wind power 

 As solar power, wind power can be provided virtual free energy [33]. The main 

advantage of the wind power is that can be used to operate the macro base station 

normally. Wind is produced by the nature. So sometimes, it can have drawn back when 

there is no winding or low winding. During this period, other source like diesel generator 

can be used to provide the power at base station. It can be installed in Coastal or hilly 

areas and it need to operate wind speed of four mile per hour or 30 mile per hours, 

averaging at least eight mph across a 4 hour period [34]. 
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3.4.3 Fuel cell 

Fuel cells are used as viable energy solutions for telecommunication network. They can 

operate at the place of diesel generator. Partly replace batteries and at the remote area 

where need a long energy back up [33]. It is a strong alternative energy source. Fuel cell 

can be deployed to convert the fuel such as hydrogen in to electric power except any 

combustion. There are a few kind of fuel cell, which can be used in telecommunication 

network like proton exchange membrane fuel cell. It can always operate at low 

temperature and it has up to 40-50 percent efficiency [34]. 

 
3.4.4 Pico Hydro 

 Pico hydro system can deploy at the lighting and basic electricity requirement in remote 

areas. Where high rainfalls, steep flowing stream and river, which can provide energy 

source for base station. This system drives a turbine which operate a generator and which 

convert the mechanical energy into electrical energy [33] 

 
3.5 To reduce the power Consumption during the low traffic period 

(during night period) 

The traffic load of the network varies during the day and night period. At the nighttime, it 

has more less traffic compare as daytime. The number of active calls rate is less than 

busy hour. When the traffic is low, specifically nighttime it can be putted some TRX or 

few sector of BTS on standby mode or shut down mode from base station controller with 

unchanging all service and capacity. More energy consumption reduction is possible per 

BTS. There are huge BTS installed in the network, so a large amount of power 

consumption can be decreased.  
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Spectrum 
Analyzer

Computer
Data Analysis

RS-232 
Optical 
Cable

Antenna

3.5.1 Measurement of power consumption during high and low traffic 
period: 
 
Measuring system: 

 The measurement systems are depicted in the following figure. It consists of dual 

polarized directional antenna and Hand Held Spectrum R&S FSH3 analyzer, which are 

connected to the computer by the RS-232 optical interface cable.   

 

 

 

 

 

                                               

 

 

 

 

Figure 3.7: Traffic power measuring system and measuring GSM1800 Indoor BTS 

 

3.5.2 Specification of the receiving Antenna  

The specification of this dual polarized measurement antenna is given in the following 

[20], which were used in our measurement system. 

Frequency range = 1710-2170 MHz 

Impedance = 50 ohm                                                  

VSWR        =≤1.5:1                                                             

Polarization = slant ±45º 

Isolation between ports =≤-20 dB 

Antenna gain=1710-1880 MHz     15.0dBi 

                        1850-1990 MHz     15.5dBi 

                         2110-2155 MHz    15.0dBi 

Power rating =250 watt 



47 
 

Half power angle = 

 H-plane 63º E-plane 14º 

Electrical down tilt 0º 

Null fill 5º 

The following figuring showing the radiation pattern of this antenna. 

 
 
 

               
Figure 3.8: Radiation pattern [source: 20] 
 
3.5.3 Spectrum Analyzer 

The R & S FSH3 is the ideal spectrum analyzer for rapid, high precision and cost 

effective signal investigation, which was used in our measurement system [35].The 

following parameter in table that are selected in our measurement system 

Center frequency 1846 MHz 
Span  10 MHz 
Resolution bandwidth 300 KHZ 
Video bandwidth 3 MHZ 
sweep time 100 S 
Reference unit dBm 
Reference level -30dBm 
Reference range 10dBm/Div 
trace mood Clear/white 
Trace detector RMS 
RF attenuator setting 0 dB 
Dynamic range Low distortion 
Input Impedance  50 ohm 

 
Table 3.4: measurement set up parameter  
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3.5.4 Measurement tools and software 

Lab view driver 7.0, NRP-toolkit and national instrument tools are used in order to 

interface spectrum analyzer to laptop via RS-232 optical cable. To read the data on the 

computer, FSH view version 13.1 tools were used. All data are taken in RSS file format 

that are transferred to Microsoft office excel. GSM TEMS Investigation was used to 

verify GSM channels 

 
3.5.5 Description of Measurement Location 

The measurements for GSM/DCS 1800 MHz are done inside the Electrum building that 

is situated in Kista, Stockholm. It is very traffic dense area for wireless. One Tele2 BTS, 

which was close to Wireless@KTH, was used as source.  For instrument security, this 

place was selected. For measuring the average level close to UMTS base stations, one 

Ericson BTS container outside the kista Forum buildings are also chosen where all 

instrument are set there as well. 

 

 
3.5.6 Measurement result and simulation 

According to the above table all parameter are set in our measurement. We have 

compared the average power level close to Base Station during various traffic at Tele2 

frequency band. All measurement were done on the 1835-1853 MHz at Tele2 downlink 

frequency band  

 
3.5.7 Average power level close to base station for GSM1800 

The following graph is showing the average level close to Base Station for mobile traffic 

load at GSM1800. We measured the traffic channel power with respect to broadcast 

control channel carrier power. BCCH carrier power is transmitted from the Base station 

of wireless network and receiving to a plurality of mobile phone. BCCH carrier power 

was measured at 1849.6 MHz which transmitted by Tele2 BTS and traffic channel power 

was measured at 1842.2 MHz that is transferred to the subscribers (mobile user) that are 
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exist on this ARFCN (absolute radio frequency channel number). We compared power 

consumption by the mobile traffic during the day and night period on the channel. 

Following figure shows power consumption through 24 hours where it shows high traffic 

load during daytime and very low traffic during nighttime. We can see that traffic load 

vary through the period. BCCH Carrier power continuously transmitted by the cellular 

base station either low traffic or high traffic. When traffic is low, close to noise level, in 

that period better power compensate is possible by turning the carrier power or TRX off, 

or put the sleep mood. 

 

The carrier frequency is designated by the absolute radio frequency channel number 

(ARFCN) .we can say Fl (n) the frequency value of the carrier ARFCN in the lower band 

and Fu(n) the frequency value in the upper band. We found the ARFCN for traffic and 

carrier channel during the measurement by using the TEMS Investigator, which are 

respectively 697 and 734 

For DCS1800 MHz,  

                           Fl (n) =1710.2+0.2*(n-512)                 512≤ n ≤885         (12) 

                          And Fu (n) =Fl (n) +95 

Where n are the absolute frequency channel number and all frequency units in MHz 

We can also calculate traffic channel number and BCCH carrier frequency using the 

following equations. 

For Traffic frequency  

Fu (n) =1710.2+0.2*(697-512) +95=1842.2 MHz 

Where n (ARFCN) =697 for traffic channel 

For BCCH Carrier frequency 

Fu (n) =1710.2+0.2*(734-512) +95=1849.6 MHz 

Where n (ARFCN) = 734 for BCCH carrier 

Traffic channel frequency =1842.2 MHz 

BCCH carrier frequency = 1849.6 MHz 
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Average  level close to BTS during the traffic load 
at GSM1800
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Figure 3.9: Average power level close to BTS during traffic load through 24 hour 
 
 
The flowing table showing BCCH carrier and traffic channel power through various 
periods 
 
BCCH Carrier 
power (dam) 

Traffic channel 
power (dam) 

Time (h) 

-48.540 -64.7267 11:58:42 
-49.0958 -60.8985 13:43:59 
-48.8437 -67.78 18:39:47 

-47.9648 -71.5456 20:03:20 

-48.0223 -84.3459 20:23:24 
-48.3573 -84.3615  07:03:27 
-48.5742 -68.7634 07:33:32 

 -49.3523 -63.5969 08:28:40 

-47.4429 -60.9057 10:34:01 

-48.3438 -62.9853 11:24:09 

 
Table 3.5: BCCH carrier and traffic channel power during various periods 
 
In the above table, we can see on the color cell that traffic channel power is close to the 

analyzer noise level of approximately -84dBm during 11 of 24 hour. That means there is 

 11 hour 
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no traffic in this period. Form our measurement we can say that it is possible to save 

energy shutting down the few TRX from base station. Approximately 45.83 % energy 

saving is possible on that’s TRX 

 

The following figure showing average power level close to base station during 72 hours. 

We have measured during the weekdays that mentioning those date on the bottom of the 

graph.  We can see on the graph that at the night around Clock’s 20.00 to morning Clock 

07.00 (11 hours) where mobile traffic power is close to noise level. During this period, 

BCCH carrier signal are continuously transmitting from base station but this power not in 

used. In this time interval we can compensate carrier power with totally shut down carrier 

signal from TRX. There are a very few subscriber who may want to get service ,In case 

they can use another overlapping cell in the  system. 

 
 

Average Level close to BTS during various traffic at 
GSM1800
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Figure 3.10: Average power level close to base station during the traffic load through 72 
hours 
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3.5.8 Calculation the path losses between BTS and measurement end 

Propagation losses can be calculated between the transmitting end and receiving end 

(measurement end).We know the characteristics of the Tele2 base station, which the 

signal is coming. It was located in the Electrum. It has Antenna ERP 54dBm 

[PTS,’’Standard] and antenna height 15 meter and antenna direction was 0 degree. 

We can use the following equation for finding the transmitting power, which is coming 

out from BTS. 

ERP =P t *cable loss*Antenna gain                                                                  (13) 

Where ERP is the effective radiated power =54dBm 

We can consider 3 dB coax feeder losses from TRX to antenna; Base station Antenna 

gain is estimated to 15.0dBi [Allgon dual band antenna] 

 We set up our measurement system out of the antenna main direction by 90 degree. 

Therefore, we can consider 20 dB attenuation see for instance figure in chapter 3.5.2. 

Hence the total ERP=54 dBm -20dB=34dBm 

We have,  

ERP (dBm) =P t +cable loss (dB) +Antenna gain (dBi) 

P t =ERP (dBm) +3(dB) +5 dBi                      (-5dBi in 90 degree) 
     =42 dBm 
 
In order to find out the path losses between transmitting end to receiving end, first we 
have to find out the distance between BTS and our measurement end (receiver end). 
In this case, we can consider the Firs transmission equation to find out the distance. 

Firs transmission equation is given by the following 
 

t

r

P
P

=Gr* tG (
Π4
λ

) 2
*( nR

1
)                                                                                    (14) 

Where n = path loss exponent=6.0 

P r =receiving signal strength= -50 dBm 

P t=transmitting signal=42dBm 
Gr=receiving antenna gain= -5 dBi (see in chapter 3.5.2) 

tG = transmitter antenna gain= 15.0 dBi 
R= Distance between transmitter and receiver 
Operating frequency f=1849.6 MHz 
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Therefore, substituting the value of the all parameter in above equation we calculate the 
distance between TX and RX, which is given by 
R=54 meter 
 
The indoor path loss model is given by the following equation  
 

Path loss(L)=20*log(f)+N*log(R)+P f (n)-28                                                              (15) 

Where  
L= total path loss (dB) 
F=frequency in MHz 
R= distance between TX and RX in meter=54 meter 
N=distance power loss coefficient (for commercial area) 
n= number of floor between TX and Rx  

P f (n) =floor loss penetration factor (commercial area) 

 
 
The following table describes the path loss exponent for different cellular environment 
[37]. 
 
Environment area Path loss exponent 

Free space 2 
Urban area 2.7-3.5 
Shadowed urban area 3-5 
In building LOS 1.6-1.8 
Obstructed in building 4-6 
 
Table 3.6: Path loss propagation exponent for different type of wireless communication 
environment 
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The following table gives the distance power loss factor and floor loss penetration factor 
[36]. 
 
Frequency band 
MHz 

Residential area Office area Commercial area 

900 N/A 33 20 
1200 N/A 32 22 
1300 N/A 32 22 
1800 28 30 22 
4000 N/A 28 22 
52000 N/A 31 22 
                              
Table 3.7: Distance power loss coefficient (N) 
 
 
Frequency band 
MHz 

No. of floor Residential area Office area Commercial 
area 

900 1 N/A 9 N/A 
900 2 N/A 19 N/A 

900 3 N/A 24 N/A 

1800 n 4n 15+4(n-1) 6+3(n-1) 

2000 n 4n 15+4(n-1) 6+3(n-1) 

5200 1 N/A 16 N/A 

 
Table 3.8: floor penetration loss factor (n) 
 
Since our measurement has done in commercial area at GSM 1800, so  
Distance power loss coefficient (N) is 22 for 1800 MHz 
And floor penetration loss factor Pf (1) =6+3(n-1) with n=no. of floor=1  
                                                       =6+0=6 all are empirical constant 
 
Therefore path loss is given 
 
Path loss(L)=20*log(1849.6)+22*log(54)+6-28 
                    =81.14 dB       
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3.5.9 Average carrier power level close to UMTS Base Station 

The following figure shows the carrier power level of 3G/UMTS network. In this case, 

Power savings based on transceiver turn off to be difficult for 3G WCDMA network due 

to smaller variation as compare with GSM 
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Figure 3.11: Average carrier level power close to UMTS Base station 
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Chapter 4   Discussions and future work 
 
4.1 Discussions 
This chapter relates results and discussion part in this project work. A large amount of 

traffic in cellular communication network continues in growth. As a results demanding of 

energy still increasing for telecom equipment and other hand increasing the energy price 

which has both great impact on telecom operator. This problem can be solved with 

improving the energy efficiency telecom network. . From case of study and measurement 

in this project, we can see that the Base Station (BTS) is the main equipment, which is 

the responsible for approximately 70 percent of energy consumption in cellular network. 

We can propose main five power saving strategies model, where a large volume of 

telecommunication equipment will maintain energy efficiency achievement, which will 

decrease power consumption and present a competitive advantage in the mobile network. 

Increasing linearity and efficiency of BTS RF power amplifier, removal feeder cable, 

Alternative cooling system, Alternative energy source for electricity and decrease the 

power during low traffic load.  

 

With increasing linearity of power amplifier, it can meet the higher modulation scheme, 

higher average output, increase-operating bandwidth, have lower OPEX due to reduce the 

power consumption and other hand, reduce environmental impact, decrease heat 

generation . 

Currently base station and mobile phone both are using modern modulation scheme 

which they need linear amplification for the RF radio signal. A certain way they can 

attain this linearity that only can lose higher power in the out stage. As a result, these 

phenomena reduce the amplifier efficiency .Therefore, higher linearity and higher 

efficiency for RF power amplifier is most essential to achieve the energy efficient mobile 

network. In section 3.1.3, we describe three methods, which increase the linearity of 

Power amplifier such as Feedback, Feed forward and pre-distortion linearization 

technique. Pre-distortion linearization technique can be used for achieving the reasonable 

linearity, bandwidth and efficiency. 
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In the section 3.2, we can see that approximately 50 percent efficiency of base station is 

added with previous efficiency if directly connecting the RF radio unit to BTS antenna 

(remove the feeder coax cable). It has some limitations.  Its design depends on country 

weather. To control the temperature effect, natural cooling, heat sink or heat exchanger or 

cooling fan can be used in outdoor RF unit. As a result, with 33.98 % energy saving 

possible cascading through the various the base station components (see section 3.2) 

 

In section 3.3, we describing base station site optimizations.  Cooling system consume 

around 25 percent energy to cool down the base station cabinet. In this case, to control 

the inside reradiated heat, natural cooling (fresh air-cooling) or heat exchanger can be 

used. Other hand, even over winter season cooling or Air-condition system can be totally 

turned off. It can also add more efficiency of BTS. 

 

For medium capacity or low capacity BTS or where there is no electricity grid, 

alternative energy source like solar, wind can be used. This alternative electricity source 

only can use where minimum 6-8 hours good sunlight during the daytime. Wind power 

can be used where wind speed 4 to 30 mile per hour. Therefore more energy saving is 

possible in this sites area using alternative energy source. Other hand it has low 

environmental impact like CO2 emission  

 

In the section 3.5.7, we show the average power level close to Base Station for GSM 

1800.We showed the traffic channel power variation with respect to BCCH carrier power. 

In figure 3.9, we can see that there are no active time slots (call) or traffic power close to 

-84 dBm for this traffic channel from 20.00 o’clock to 07.00 o’clock (11 hours) during 24 

hours. On the other hand, BCCH carrier power continually transmitting during this time 

by the base station but this power even not in used. During this traffic period 

approximately 46 % energy saving is possible by turning BCCH carrier power or TRX 

off or putting them on sleep mood. When traffic amount increases, they can get service 

by using another overlapping cell in the system.  
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The following table shows the various powers saving strategy, which we estimated from 

your thesis project. 

 
                                     Table 3.13: Energy saving Strategies 
 
         
4.2 Impact of CO2 in the Telecom Sector 
As energy consumption in ICT sector, CO2 emission is rapidly increasing in 

Communication network. As a result, all countries and companies get affected by the 

extreme warming of climate change. Because of Energy used, produced and 

transportation are directly proportional to CO2 emissions. ICT sector is responsible 2 % 

of worldwide CO2 emissions. It has great impact on climate changing. Therefore, it has 

become a more attention to protect CO2 emission. The following are given the main 

contributor, which generates CO2 emissions in Telecom and wireless sector. 

• Base Station equipment (including cooling system and power supply conversion) 

• Cell phone manufacturing including electronic digital circuits (IC,PCB etc) 

• Base Station sites component like antenna tower   manufacturing, cabinet, 

batteries, air condition system etc 

• Operator sites like offices, vehicles and stores 

 

 

Energy saving Strategy Approximate Saving in percentages 

Removal feeder loss 33.98 % 

Natural Cooling System 25 % 

High eff. and linear PA used  30 % 

Alternative energy source used 10 % 

During Low traffic load 46 % 

Total Energy Savings 85% 
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Base Station consume a large amount of energy in wireless network and other hand it 

generates a large amount of carbon dry Oxide.  

 

Ericsson LCA estimated that the annual CO2 emissions per average GSM mobile user are 

25 kg whereas it was 180 kg for first generation and 30 kg CO2 emissions per 3G mobile 

subscribers and where 25 kg CO2 equal to the same emissions which produced by driving 

an average Europeans car on the motorway for around one hour (125 km per 10.5 l 

gasoline) [11]. The following strategies can be considered for reducing the CO2 emission 

in wireless and mobile communication network, one improving the energy efficient 

mobile network and other have to increase the renewable energy source like solar, wind 

power. Whereas one side it will reduce energy consumption and other side will reduce 

CO2 gasses emission in mobile communication network 

 

 

The following figure shows the Ericsson analysis of CO2 emission per average mobile 

subscriber per annual in Cellular network. 

 

 

 
 Figure: Lifecycle assessment of CO2 emissions per average subscriber per annual 

(source: Ericsson)  
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4.3 Suggestions for future work 
 
According to the chapter 3.5.7, we got the results around 46% energy saving possible 

with shutting down the TRX during low traffic but we do not know exactly what the 

effect on network quality and capacity in the system. Therefore, it would be better if 

more measurements could be done in the network system. To find out few simulation and 

measurement after turning off the TRX without unchanging the network services quality. 

Our measurement has done only for a specific base station. It would be much interesting 

if the same type of measurements would be done for the different base stations in the 

different places.  

 

More research can be done for improving the alternative energy source and capacity 

where it can reduce both tradition energy sources and CO2 emissions and preserve the 

environment. Continue research can be carried out for developing the Semiconductor 

technology and power amplifiers. Finally improving the energy efficient telecom network 

with using the modern technology, such like multicarrier PA with high efficiency and 

linearity, increased energy efficient software used, smart cooling system and modern 

BTS’ equipment. 
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