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1. INTRODUCTION 

In 1838, Samuel Mores (1791-1872) demonstrated the first telegraph network. In 1844, Morse successfully sent his first 

telegraph message, from Washington, D.C., to Baltimore, Maryland [1.1]. In 1895, Italian inventor and engineer Guglielmo 

Marconi (1874-1937) developed, demonstrated and marketed the first successful long- distance wireless telegraph [1.2]. 

Although the telegraph had collapsed out of common use by the start of the 21st century and it was replaced by the new 

technologies like telephone, fax machine. However, Telegraph laid the foundation for the communications revolution that led 

to later innovations like Wireless Communication, Satellite Communication, Infrared Communication, Broadcast Radio, 

Microwave Communication, Wi-Fi Communication, and Mobile Communication Systems [1.1]. 

The term wireless communication was coined in the 19th century and wireless communication technology has established 

over the successive decades. It is one of the most important mediums of transmission of information from one device to other 

devices. In the wireless technology, the information can be communicated through the air without requiring any cable or 

wires or other electronic conductors, by using electromagnetic waves like Infrared Rays, Radio Frequencies, and Microwave 

Frequencies etc. 

In 1971, a pioneer of computer networking systems is ALOHAnet [1.4], popularly known as ALOHA, developed at the 

University of Hawaii. It provided the first demonstration of a wireless data network. ALOHA used experimental UHF 

frequencies to begin with; as frequency assignments for commercial applications were not available in the 1970s. Further, 

ALOHA was used in cable (Ethernet based) and satellite applications.  

In the early 1980s radio frequencies for mobile communication networks became available, and in 1985 radio frequencies 

suitable for Wi-Fi were assigned in the US. These regulatory developments made it possible to use ALOHA in both Wi-Fi 

and in mobile telephone networks. Since then ALOHA has found applications across a mass of wireline and wireless 

technologies. 

While ALOHA has been a pioneer networking system, which spanned across wireline and wireless networks, the wireless 

technology itself has evolved over the past few years from using analog FM transmission for voice telephony to OFDM / 

OFDMA for mobile internet and video streaming applications in the recent years [1.5]. 

 

2. EVOLUTION OF CELLULAR NETWORKS 

All over the world, wireless communications services have enjoyed dramatic growth over the past 35 years. It was only in 

late 1983 that the first commercial cellular communication system in the United States was deployed by Ameritech in the 

Chicago area. That was the analog service called Advanced Mobile Phone Service (AMPS). Today, digital cellular 

communication services are available all over the world, and have well exceeded fixed-line telephone services both in terms 

of accessibility and number of users. In fact, as of March 2010 we have over 4.8 billion mobile subscribers in the world, 

which is more than double the number of fixed line subscribers and amounts to a higher than  60% penetration. The relative 

adoption of wireless versus fixed line is even more dramatic in the developing world. For example, in India, wireless 

penetration is more than four times that of fixed line [1.6]. 
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Table 1.1 given bellow depicts the historical milestones in the development of cellular network to provide mobile broadband. 

Year  Important Milestone 

Before 1892 Nikola Tesla found theoretical basis for radio communication and demonstrated radio transmission. 

1897 Guglielmo Marconi demonstrated radio communications; awarded patent for it. 

1902 
First verifiable transatlantic radio transmission (telegraphy) made from an Italian cruiser with Marconi 

aboard using 272kHz signals. 

1906 
Reginald Fessendon made first successful two-way transmission over North Atlantic and demonstrated 

voice transmission using amplitude modulation. 

1915 First transatlantic radio transmission of voice from Arlington, Virginia to Paris, France. 

1921 Short wave radio (HF radio: 2.3MHz to 25.82MHz) developed. 

1934 AM radio systems used in 194 U.S. municipalities for public safety. 

1935 Edwin Armstrong demonstrated FM. 

1946 First mobile telephone service in St. Louis, Missouri introduced by AT&T. 

1948 Claude Shannon published his seminal theory on channel capacity; C=Blog2(1+SNR). 

1956 Ericsson developed first automatic mobile phone called Mobile Telephone A (weighed 40kg). 

1960–1970 Bell Labs developed cellular concept. 

1971 AT&T submits proposal for a cellular mobile system concept to FCC. 

1979 First commercial cellular system deployed by NTT in Japan. 

1983 FCC allocated 40MHz of spectrum in 800MHz for AMPS. 

1983 Advanced Mobile Phone Service (AMPS) launched in Chicago. 

1989 Qualcomm proposes CDMA as a more efficient, wireless voice technology. 

1991 First commercial GSM deployment in Europe (Finland). 

1995 First commercial launch of CDMA (IS-95) service by Hutchinson Telecom, Hong Kong. 

1995 
Personal Communication Services (PCS) license in the 1800/1900MHz band auctioned in the United 

States. 

2001 NTT DoCoMo launched first commercial 3G service using UMTS WCDMA. 

2002 South Korea Telecom launches first CDMA2000 EV-DO network. 

2005 UMTS/HSDPA launched in 16 major markets by AT&T. 

2005 IEEE 802.16e standard, the air-interface for Mobile WiMAX, completed and approved. 

2006 WiBro (uses the IEEE 802.16e air-interface) commercial services launched in South Korea. 

2007 Apple iPhone launched, driving dramatic growth in mobile data consumption. 

2009 3GPP Release 8 LTE/SAE specifications completed. 

Table 1.1 Important Historical Milestones toward the Development of Mobile Broadband [1.7] 

In the following paragraphs, the focus will be on the evolution and development of various generations of mobile wireless 

technology along with their significance and advantages of one over the other [1.8]. 

 

2.1. The First Generation (1G): Analog Cellular Networks 

The first commercially automatic cellular network (the 1G generations) was launched in Japan by NTT in 1979. In 1984, Bell 

Labs developed modern commercial cellular technology, which employed multiple, centrally controlled base stations (cell 

sites), each providing service to a small area (a cell). The cell sites would be set up such that cells are partially coincided. In a 

cellular system, a signal between a base station (cell site) and a terminal (phone) only need be strong enough to reach 

between the two, so the same channel can be used simultaneously for separate conversations in different cells [1.9]. 

With the introduction of 1G phone, the mobile market showed annual growth rate of 30 to 50 per cent, rising to nearly 20 

million subscribers by 1990. 1G was an analog technology and the mobile phones used commonly had poor battery life and 

voice quality was great without much safety, and would occasionally experience dropped calls. The maximum speed of 1G 

was 2.4 Kbps. 

NMT-450 NMT-900 AMPS ETACS NTACS 

Year of 

Introduct

ion 

1983  1985  1988  1981 

Frequency 

Bands 

D/L:869-894MHz 

U/L:824-

849MHz 

D/L:916-949MHz 

U/L:871-

904MHz 

D/L:860-870MHz 

U/L:915-

925MHz 

NMT-450:450-470MHz 

NMT-900:890-

960MHz 

Channel 

Bandwid
30kHz  25kHz  12.5kHz  

NMT-450:25kHz 

NMT-900:12.5kHz 
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th 

Multiple 

Access 
FDMA  FDMA  FDMA  FDMA 

Duplexing  FDD  FDD  FDD  FDD 

Voice 

Modulati

on 

FM  FM  FM  FM 

Number of 

Channels 
832  1240  400  

NMT-450:200 

NMT-900:1999 

Table 1.2 Major First Generation Cellular Systems [1.10] 

 

2.2. The Second Generation (2G): Digital Networks 

In the 1990s, the 'Second Generation' (2G) mobile phone systems emerged, primarily using the GSM standard. These 2G 

phone systems differed from the previous generation in their use of digital transmission instead of analog transmission. The 

rise in mobile phone usage as a result of 2G was explosive and this era also saw the advent of prepaid mobile phones. The 

second generation introduced a new variant to communication, as SMS text messaging became possible, initially on GSM 

networks and eventually on all digital networks. Soon SMS became the communication method of preference for the youth. 

Today in many advanced markets the general public prefers sending text messages to placing voice calls. 

Some benefits of 2G were Digital signals require consume less battery power, so it helps mobile batteries to last long. Digital 

coding improves the voice clarity and reduces noise in the line. Digital signals are considered environment friendly. Digital 

encryption has provided secrecy and safety to the data and voice calls. The use of 2G technology requires strong digital 

signals to help mobile phones work properly. 

GSM IS-95 IS-54 IS-136 

Year of Introduction 1990 1993 1991 

Frequency Bands 
850/900MHz, 

1.8/1.9GHz 
850MHz/1.9GHz 850MHz/1.9GHz 

Channel Bandwidth 200kHz 1.25MHz 30kHz 

Multiple Access TDMA/FDMA CDMA TDMA/FDMA 

Duplexing FDD FDD FDD 

Voice Modulation GMSK 
DS-SS:BPSK, 

QPSK 
π/4 QPSK 

Data Evolution GPRS, EDGE IS-95-B CDPD 

Peak Data Rate 
GPRS:107kbps; 

EDGE:384kbps 
IS-95-B:115kbps ∼ 12kbps 

Typical User Rate 
GPRS:20-40kbps; 

EDGE:80-120kbps 
IS-95B: <64kbps; 9.6kbps 

User Plane Latency 600-700ms > 600ms > 600ms 

Table 1.3 Major Second Generation Cellular Systems [1.10] 

“2.5G” using GPRS (General Packet Radio Service) technology is a cellular wireless technology developed in between its 

predecessor, 2G, and its successor, 3G. GPRS could provide data rates from 56 Kbit/s upto 115 Kbit/s. It can be used for 

services such as Wireless Application Protocol (WAP) access, Multimedia Messaging Service (MMS), and for Internet 

communication services such as email and World Wide Web access. 

“2.75G” – EDGE is an abbreviation for Enhanced Data rates for GSM Evolution. EDGE technology is an extended version 

of GSM. It allows the clear and fast transmission of data and information up to 384 Kbit/s speed. 

 

2.3. The Third Generation (3G): High speed IP data networks 

The main technological difference that distinguishes 3G technology from 2G technology is the use of packet switching rather 

than circuit switching for data transmission. The high connection speeds of 3G technology enabled a transformation in the 

industry: for the first time, media streaming of radio and even television content to 3G handsets became possible.  

In the mid-2000s an evolution of 3G technology begun to be implemented, namely High-Speed Downlink Packet Access 

(HSDPA). It is an enhanced 3G mobile telephony communications protocol in the High-Speed Packet Access (HSPA) 

family, also coined 3.5G, 3G+ or turbo 3G, which allows networks based on Universal Mobile Telecommunications System 

(UMTS) to have higher data transfer speeds and capacity.  

Current HSDPA deployments support down-link speeds of 1.8, 3.6, 7.2 and 14.0 Mbit/s. Further speed increases are available 

with HSPA+, which provides speeds of up to 42 Mbit/s downlink and 84 Mbit/s with Release 9 of the 3GPP standards. 
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CDMA2000 1X W-CDMA  EV-DO  HSPA 

Standard  
3GPP  

Release 99 
3GPP2  3GPP2  

3GPP 

Release 5/6 

Frequency Bands 

850/900MHz, 

1.8/1.9/2.1G

Hz 

450/850MHz 

1.7/1.9/2.1G

Hz 

450/850MHz 

1.7/1.9/2.1GHz 

850/900MHz, 

1.8/1.9/2.1GH

z 

Channel Band width 5MHz  1.25MHz  1.25MHz  5MHz 

Peak Data Rate 384–2048kbps  307kbps  

DL:2.4–4.9Mbps 

UL:800–

1800kbps 

DL:3.6– 

14.4Mbps 

UL:2.3–

5Mbps 

Typical User Rate 150–300kbps  120–200kbps  400–600kbps  500–700kbps 

User-Plane Latency 100–200ms  500–600ms  50–200ms  70–90ms 

Multiple Access CDMA  CDMA  CDMA/TDMA  CDMA/TDMA 

Duplexing  FDD  FDD  FDD  FDD 

Data Modulation DS-SS: QPSK  
DS-SS: BPSK, 

QPSK 

DS-SS: QPSK, 

8PSK and 

16QAM 

DS-SS: QPSK, 

16QAM and 

64QAM 

Table 1.4 Summaries of Major 3G Standards [1.10] 

 

2.4. The Fourth Generation (4G): Growth of Mobile Broadband  

Consequently, the industry began looking to data-optimized 4th-generation technologies, with the promise of speed 

improvements up to 10-fold over existing 3G technologies. It is basically the extension in the 3G technology with more 

bandwidth and services offers in the 3G. The expectation for the 4G technology is basically the high quality audio/video 

streaming over end to end Internet Protocol. The first two commercially available technologies billed as 4G were the 

WiMAX standard and the LTE standard, first offered in Scandinavia by TeliaSonera. 

One of the main ways in which 4G differed technologically from 3G was in its elimination of circuit switching, instead 

employing an all-IP network. Thus, 4G ushered in a treatment of voice calls just like any other type of streaming audio 

media, utilizing packet switching over internet, LAN or WAN networks via VoIP. 

4G LTE data transfer speed can reach peak download 100 Mbit/s, peak upload 50 Mbit/s, WiMAX offers peak data rates of 

128 Mbit/s downlink and 56 Mbit/s uplink. 

The table 1.5 summarizes the evolution of wireless generations over the past few decades [1.11].  

Generation Period Standards Technology SMS 

Voice 

Switch

ing 

Data 

Switch

ing 

Data 

Rat

es 

1G 1980’s AMPS, TACS Analog No Circuit Circuit 

2.4 

Kb

ps 

2G 1990’s 

GSM, CDMA, 

EDGE, 

GPRS 

Digital Yes Circuit Circuit 

50 Kbps  

or 1 

Mb

ps 

3G 2000+ 

UTMS, 

CDMA20

00, 

HSDPA, 

EVDO 

Digital Yes Circuit Packet 

21.6 

Mb

ps 
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4G 2005+ 

LTE-A, IEEE 

802.16 

(WiMAX) 

Digital Yes Packet Packet 

100 

Mb

ps  

or 1 

Gb

ps 

Table 1.5 Summary of the evolution of Wireless Generations 

 

3. ROAD MAP FOR HIGHER DATA RATE CAPABILITY 
The first and second-generation cellular systems were primarily designed for voice services and their data capabilities were 

limited. Wireless systems have since been evolving to provide broadband data rate capability as well. 

GSM has moving forward to develop cutting-edge, customer-focused solutions to meet the challenges of the 21st century and 

3G/4G mobile services. When GSM was first designed, no one could have predicted the dramatic growth of the Internet and 

the rising demand for multimedia services. These developments have brought about new challenges to the world of GSM. For 

GSM operators, the emphasis is now rapidly changing from only activating and driving the development of technology to 

enabling mobile data transmission to a new level of improved speed, quality, simplicity, coverage, and reliability.  

People are increasingly looking to gain access to information and services anytime everywhere, GSM will provide that 

connectivity. The combination of Internet access, web browsing, and the whole range of mobile multimedia capability is the 

major driver for development of higher data speed technologies. 

GSM operators have two nonexclusive options for evolving their networks to 3G wide band multimedia operation: 

(a).  They can use General Packet Radio Service (GPRS) and Enhanced Data rates for GSM Evolution (EDGE) [also known 

as 2.5G] in the existing radio spectrum, and in small amounts of new spectrum; or  

(b).  They can use WCDMA/UMTS in the new 2 GHz bands [1.15, 1.16, and 1.17]. Both approaches offer a high degree of 

investment flexibility because roll-out can proceed in line with market demand and there is extensive reuse of existing 

network equipment and radio sites. 

The first step to introduce high-speed circuit-switched data service in GSM is by using High Speed Circuit Switched Data 

(HSCSD). HSCSD is a feature that enables the co-allocation of multiple full rate traffic channels (TCH/F) of GSM into an 

HSCSD configuration. The aim of HSCSD is to provide a mixture of services with different user data rates using a single 

physical layer structure. The available capacity of an HSCSD configuration is several times the capacity of a TCH/F, leading 

to a significant enhancement in data transfer capability.  

Ushering faster data rates into the mainstream is the new speed of 14.4 kbps per time slot and HSCSD protocols that 

approach wire-line access rates of up to 57.6 kbps by using multiple 14.4 kbps time slots. The increase from the current 

baseline 9.6 kbps to 14.4 kbps is due to a nominal reduction in the error-correction overhead of the GSM radio link protocol, 

allowing the use of a higher data rate [1.18].  

The next phase in the high speed road map is the evolution of current short message service (SMS), such as smart messaging 

and unstructured supplementary service data, toward the new GPRS, a packet data service using TCP/IP and X.25 to offer 

speeds up to 115.2 kbps. GPRS has been standardized to optimally support a wide range of applications ranging from very 

frequent transmissions of medium to large data volume. Services of GPRS have been developed to reduce connection set-up 

time and allow an optimum usage of radio resources. GPRS provides a packet data service for GSM where time slots on the 

air interface can be assigned to GPRS over which packet data from several mobile stations can be multiplexed.  

Recently, several wireless broadband technologies have emerged to achieve high data rates and quality of service. Navini 

Networks developed a wireless broadband system based on TD-SCDMA. The system, named Ripwave, uses beamforming to 

allow multiple subscribers in different parts of a sector to simultaneously use the majority of the spectrum bandwidth. 

Beamforming allows the spectrum to be effectively reused in dense environments without having to use excessive sectors 

[1.19].  

BeamReach is a wireless broadband technology based on OFDM and beamforming. It uses TDD duplexed 1.25 MHz paired 

carriers. Spread spectrum is used to reduce interference over the 2.5 MHz carriers allowing a frequency reuse of one. 

Individual users can expect downlink rates of 1.5, 1.2, and 0.8 Mbps using 32-QAM, 16-QAM, and 8-PSK modulation 

respectively. The aggregate network bandwidth is claimed to be 88 Mbps in 10 MHz of spectrum or 220 Mbps in 24 MHz of 

spectrum, which equates to a high spectral efficiency of 9 bps/Hz. It should be noted that the system uses either 4 or 6 sectors 

and these claims are based on those sectoring schemes. For any technology with a reuse number of 1 to achieve 9 bps/Hz per 

cell with 4 or 6 sectors, the efficiency in each sector would need to be a reasonable 2.3 or 1.5 bps/Hz, respectively [1.20].  

IP Wireless is the broadband technology based upon UMTS. It uses either 5 or 10 MHz TDD carriers and QPSK modulation. 

The theoretical peak transmission speeds for a 10 MHz deployment is 6 Mbps downlink and 3 Mbps uplink. The IP Wireless 

system only uses QPSK modulation and no advanced antenna technologies. With the inclusion of advanced antenna 

technologies and the development of High Speed Downlink Packet Access (HSDPA), IP Wireless has significant potential.  
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4. EVOLUTION OF 3GPP STANDARDS 

Thus a number of cellular wireless standards and systems have been covered, tracing the evolution from first generation 

analog voice systems to the development of LTE. Let us now summarize the major enhancements and performance 

improvements that have been achieved at each step of this evolution. Since LTE was developed by the 3GPP standards body, 

we will focus here only on 3GPP standards evolution [1.6].  

The first version of a 3G standard by 3GPP was targeted for completion in 1999, and is often referred to as 3GPP Release 99, 

although the actual release occurred in 2000. Several UMTS networks around the world are based on this standard. 

Subsequent releases are identified by a release number as opposed to year of release.  

Each release provided enhancements in one or more of several aspects including  

1. Radio performance improvements such as higher data rates, lower latency, and increased voice capacity,  

2. Core network changes aimed at reducing its complexity and improving transport efficiency, and  

3. Support for new applications such as push-to-talk, multimedia broadcast, and multicast services and IP Multimedia 

Services.  

Table 1.7 summarizes the various 3GPP releases and the enhancements that each brought.  

3GPP Standards  

Release  

Year 

Complet

ed  

Major Enhancements 

Release 99  2000  
Specified the original UMTS 3G network using W-CDMA air-

interface. Also included Enhancements to GSM data (EDGE). 

Release 4  2001  
Added multimedia messaging support and took steps toward using IP 

transport in core network. 

Release 5  2002  
Specified HSDPA with up to 1.8Mbps peak downlink data rate. 

Introduced IP Multimedia Services (IMS) architecture. 

Release 6  2004  

Specified HSUPA with up to 2Mbps uplink speed. Multimedia 

Broadcast/Multicast Services (MBMS). Added advanced receiver 

specifications, push-to-talk over cellular (PoC) and other IMS 

enhancements, WLAN inter working option, limited VoIP 

capability. 

Release 7  2007  

Specified HSPA+ with higher order modulation (64QAM downlink 

and 16QAM uplink) and downlink MIMO support offering up to 

28Mbps downlink and 11.5Mbps uplink peak 

data rates. Reduced latency and improved QoS for VoIP. 

Release 8  2009  

Further evolution of HSPA+: combined use of 64QAM and MIMO; 

dual-carrier with 64QAM. Specifies new OFDMA-based LTE 

radio interface and a new all IP flat architecture with Evolved 

Packet Core (EPC). 

Release 9  2010  Expected to include HSPA and LTE enhancements. 

Release 10  2012 
Expected to specify LTE-Advanced that meets the ITU IMT-Advanced 

Project requirements for 4G. 

Table 1.7 3GPP Standards Evolution 

 

Table 1.8 summarizes the evolution of peak data rates and latency of wireless systems that evolved from GSM via 3GPP 

standards. Clearly, tremendous strides have been made over the past decade in both data rate and latency. Peak data rates in 

early GPRS systems were as low as 40kbps, while, in theory, LTE can provide up to 326Mbps; that is almost a ten thousand–

fold increase. Typical end-user speeds grew from 10–20kbps with GPRS to 0.5–2Mbps with HSPA/HSPA+, and expect to 

get to 2–3Mbps or more with LTE. Advances in technology have pushed us very close to realizing the Shannon limit for 

channel capacity, which makes achieving further gains in spectral efficiency quite challenging. Changes in protocols, frame 

sizes, and network architecture over the years have also resulted in dramatic reduction in latency. While GPRS and EDGE 

systems had user plane latencies around 350–700ms, HSPA systems got it down to less than 100ms, and LTE systems will 

get it below 30ms. Lower latency improves the quality of experience of real-time applications such as VoIP, gaming, and 

other interactive applications [1.6]. 

3GPP Release 
Peak Down-link 

Speed  

Peak Up-link 

Speed  
Standard  Latency 

GPRS  Release 97/99  40–80kbps  40–80kbps  600–700ms 

EDGE  Release 4  237–474kbps  237kbps  350–450ms 

UMTS (WCDMA)  Release 4  384kbps  384kbps  <200ms 

HSDPA/UMTS  Release 5  1800kbps  384kbps  <120ms 
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HSPA  Release 6  3600–7200kbps  2000kbps  <100ms 

HSPA+  Release 7 and 8  28–42Mbps  11.5Mbps  <80ms 

LTE  Release 8  173–326Mbps  86Mbps  <30ms 

Table 1.8 Performance Evolutions of 3GPP Standards 

 

4.1. LTE Advanced: Heterogeneous Networks 

Developed by 3GPP, LTE is the leading OFDMA wireless mobile broadband technology. LTE offers high spectral 

efficiency, low latency and high peak data rates. LTE leverages the economies of scale of 3G, as well as the global ecosystem 

of infrastructure and device vendors, to provide the highest performance in a cost effective manner [1.21]. 

The LTE standard was first published in March of 2009 as part of the 3GPP Release 8 specifications. Comparing the 

performance of 3G and its evolution to LTE, LTE does not offer anything unique to improve spectral efficiency, i.e. bps/Hz. 

However, LTE significantly improves system performance by using wider bandwidths where spectrum is available. 

To achieve performance improvements in LTE Advanced, the 3GPP has been working on various aspects of LTE including 

higher order MIMO (multiple antennas), carrier aggregation (multiple component carriers), and heterogeneous networks 

(picos, femtos and relays). Since improvements in spectral efficiency per link are approaching theoretical limits with 3G and 

LTE, the next generation of technology is about improving spectral efficiency per unit area. 

In other words, LTE Advanced needs to provide a uniform user experience to users anywhere inside a cell by changing the 

topology of traditional networks. The key benefits of LTE Advanced in heterogeneous network deployments are highlighted 

bellow [1.22]. 

 

4.2. Heterogeneous Networks 

4.2.1 Traditional Network Deployment Approach  

Current wireless cellular networks are typically deployed as homogeneous networks using a macro-centric planning process. 

A homogeneous cellular system is a network of base stations in a planned  layout and a collection of user terminals, in which 

all the base stations have similar transmit power levels, antenna patterns, receiver noise floors and similar backhaul 

connectivity to the (packet) data network. Moreover, all base stations offer unrestricted access to user terminals in the 

network, and serve roughly the same number of user terminals, all of which carry similar data flows with similar QoS 

requirements. The locations of the macro base stations are carefully chosen through network planning, and the base station 

settings are properly configured to maximize the coverage and control the interference between base stations. As the traffic 

demand grows and the RF environment changes, the network relies on cell splitting or additional carriers to overcome 

capacity and link budget limitations and maintain uniform user experience. However, this deployment process is complex and 

iterative. Moreover, site acquisition for macro base stations with towers becomes more difficult in dense urban areas. A more 

flexible deployment model is needed for operators to improve broadband user experience in a ubiquitous and cost-effective 

way. 

 

4.2.2 An Alternate Approach Using Heterogeneous Network  

Wireless cellular systems have evolved to the point where an isolated system (with just one base station) achieves near 

optimal performance, as determined by information theoretic capacity limits. Future gains of wireless networks will be 

obtained more from advanced network topology, which will bring the network closer to the mobile users. Heterogeneous 

networks, utilizing a diverse set of base stations, can be deployed to improve spectral efficiency per unit area. Consider the 

heterogeneous cellular system depicted in Figure 2. This cellular system consists of regular (planned) placement of macro 

base stations that typically transmit at high power level (~5W - 40W), overlaid with several pico base stations, femto base 

stations and relay base stations, which transmit at substantially lower power levels (~100mW - 2W) and are typically 

deployed in a relatively unplanned manner. 

The low-power base stations can be deployed to eliminate coverage holes in the macro-only system and improve capacity in 

hot spots. While the placement of macro base stations in a cellular network is generally based on careful network planning, 

the placement of pico/relay base stations may be more or less ad hoc, based on just a rough knowledge of coverage issues and 

traffic density (e.g. hot spots) in the network. Due to their lower transmit power and smaller physical size, pico/femto/relay 

base stations can offer flexible site acquisitions. Relay base stations offer additional flexibility in backhaul where wireline 

backhaul is unavailable or not economical [1.23]. 
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Figure No. 1.1. Heterogeneous Network utilizing mix of macro, pico, femto and relay base stations [1.24] 

 

In a homogeneous network, each mobile terminal is served by the base stations with the strongest signal strength, while the 

unwanted signals received from other base stations are usually treated as interference. In a heterogeneous network, such 

principles can lead to significantly suboptimal performance. In such systems, smarter resource coordination among base 

stations, better server selection strategies and more advanced techniques for efficient interference management can provide 

substantial gains in throughput and user experience as compared to a conventional approach of deploying cellular network 

infrastructure.  

 

4.3 Different Types of Cells 

There are different types of cell used for different applications. The traditional macro cells are still  needed  to  provide  

general  coverage,  and connectivity  particularly  for  those  in  outlying areas  or  in  fast  moving  in  vehicles  where  

multiple  handovers  are  not  desirable.  However, where  high  data  rates  are  needed  in  buildings  or  urban  areas,  a  

variety  of  small  cell technologies  can  be  used.  These may use one of a variety of backhaul technologies. However, the 

most important aspect is that, these needs to appear as a single network to the user, providing the same enhanced performance 

level. 

A small cell is a miniature version of the traditional macro cell. It compresses the attributes of  a  cell  tower  like  radio  and  

antenna  into  a  low  power,  portable  and  easy  to  deploy radio device. Small cells typically have a range varying from 10 

meters to a few hundred meters and are used by operators to either offload traffic from the macro network in a high density 

short range environment or to strengthen the range and efficiency of a mobile network. 

Different types of cells and their characteristics are as under: 

i. Macro-cells are the common cells sites supporting technologies like HSPA+ and LTE. The normal range may vary from 

a few hundred meters to a few kilometres. Output power is of the order of tens of watts. 

ii. Micro-cells typically cover smaller areas maybe up to a kilometre.  They  usually transmit  within  a  range  of  milliwatts  

to  a  few  watts.  Microcells  are  deployed  for providing  temporary  cellular  coverage  and  capacity  to  places  like  

sports  stadiums, convention centres etc. Sometimes, microcells may use distributed antenna systems (DAS) to improve 

bandwidth and reliability. 

iii. Pico-cells offer capacities and coverage areas, supporting up to 100 users over a range of less than 250 yards. Pico cells 

are frequently deployed indoors to improve poor wireless and cellular coverage within a building, such as an office floor 

or retail space. 

iv. Femto-cells are  typically  user - installed  to  improve  coverage  area  within  a  small vicinity,  such  as  home  office  

or  a  dead  zone  within  a  building. Femtocells can be obtained through the service provider or purchased from a 

reseller. Unlike picocells and microcells, femtocells are designed to support only a handful of users and are only capable 

of handling a few simultaneous calls. They are sold by the operator but self - installed by the customer. 

 

5. CONCLUSION 

This paper has provided a brief overview of the wireless technologies used from past few decades. The evaluation of the 

wireless technologies took place at a rapid pace. The prerequisite of the data speed and accessibility for various services, such 

as social media, video streaming, gaming etc., has lead the evolution of high bandwidth technologies like 3G, LTE. By 

increasing the range of radio frequencies, the bandwidth can be increased but at cost of low signal strength. The signal 

strength is responsible for better call quality and other mobile applications. This problem is resolved by the concept of 

HetNets, LTE HetNets are the common examples. Among all the LTE HetNets the LTE femtocell is the most promising one. 

It provides better call quality by increasing the signal strength.  
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