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Abstract – Wireless communication technology has evolved over the years from First Generation (1st), Second
Generation (2G), Third Generation (3G), Fourth Generation (4G), and recently, Fifth Generation (5G) in a bid to
improve performance, efficiency, and Quality of Service. Even though the development of Mobile communication
started with very low data rates of about 10 kilobytes per second (kbps), it has significantly improved to an extreme
and staggering high rate of about 1 Gigabyte per second (Gbps) through the era with frequencies: 30 Kilohertz (kHz)
to as much as 30 Gigahertz (GHz). These generations of wireless communication technologies however are not
without their challenges. In a bid to conquer the limitations of a previous generation, a new generation evolved. This
paper seeks to comparatively study the evolution of wireless Technologies, x-raying its prospects and challenges.
Keywords – Communication Systems, DATA Rate, Downlink, Uplink, Roaming.

I. INTRODUCTION
Wireless telephony allows people who use mobile communication devices and are separated by distance to
communicate with each other. When communication is void of any sort of physical connection between the two
connecting devices it can be said to be ‘Wireless Communication’. Wireless communication in mobile
technology is driven by man’s desire to interact with each other over long distances either through voice,
messages, images, or even video. This is made possible by Telecommunications Service Provider (TSPs). TSPs
transmit different types of data, voice, images, and videos no matter the distance involved. TSPs first
transmitted only voice messages, as technology evolved, they transmitted data and then video [1].
Wireless communication technology is a cost-effective process as it eliminates the use of costly and tiresome
physical connections between various equipment such as connecting cables in buildings, cables, and industries.
There has been a formidable growth in the wireless communication industry, from improved mobile technology
to the variety of services now offered and a staggering subscriber base. This is made possible by the
Telecommunication Service Providers (TSPs) [1]. Despite several applications and diverse uses of
communication system, wireless communication network is faced with a number of limitation similar to
security, fault tolerance, energy, and lot more. Therefore, there are major research and development in the field
of wireless communication globally to develop new methods to make them more reliable and efficient [2].
From one generation to another up till the present has been all-encompassing. There have been tremendous
changes at the architectural level i.e. Core Network (CN) and Radio Access Network (RAN). Changes at the CN
affect all network layers from the physical, application, transport, session to security layers within their complex
architecture. At an end-user level, the mobile equipment (MEs), mobile units (MUs), a mobile station (MSs), or
user equipment (UEs) have changed progressively in line with the technological evolutions attained on the road
from 1G to 5G. UEs have evolved from the use of Macro Subscriber Modules (SIMs) and Universal SIMs
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(USIMs) to smart, portable devices and tablets using micro and Nano SIMs [3] [4]. Judging by the technological
events that have taken place from the First generation (1G) till date, it is obvious that the world is becoming a
truly “networked” society where everyone and everything is connected to everyone and everything respectively,
whilst being able to seamlessly access or share information everywhere and every time. TSPs and consumers on
the other hand will experience technical, commercial, and management challenges in the long run [3].

II. EVOLUTION OF WIRELESS TECHNOLOGY
Radio telephones became the first kind of wireless telephone that surfaced after World War II in the 1970s.
They are today referred to as 0G (i.e. pre-cellular mobile telephony technology). They were used in cars,
vessels, and briefcases to report emergencies and crises. Only a few channels were available and calls were set
up by the mobile operators as a handover feature i.e. Change of channel frequency was not available at the time.
0G technologies included PTT (Push to Talk), MTS (Mobile Telephone System), IMTS (Improved Mobile
Telephone Service), AMTS (Advanced Mobile Telephone System), OLT (Offentlig Landmobil Telefoni
meaning Public Land Mobile Telephony), and MTD (Mobile Telephony system Directory). The main
beneficiaries of the 0G systems were loggers, construction foremen, realtors, and celebrities for only voice
communication [5].
1G cellular network emerged in the 1980s but made use of analog transmission for speech services. It was
first launched commercially in Tokyo, Japan by NTT (Nippon Telegraph and Telephone) in 1979 but unlike 0G,
these systems offered handover and roaming capabilities but could not be used to make wireless connections
between different countries. Then came 2G in the 1990s that used digital multiple-access technology, such as
TDMA (time division multiple access) and CDMA (code division multiple access). 2G ushered in 3G which
was launched by NTT DoCoMo in Tokyo, Japan in May 2001 and went commercial on October 1, 2001, using
the WCDMA technology. In 2002 the first 3G networks on the CDMA2000 EV-DO technology were launched
by SK Telecom and KTF in South Korea and Monet in the USA. By the end of 2002, the second WCDMA
network was launched in Japan by Vodafone KK (now Softbank). In March the Three/Hutchison group
launched Europe’s WCDMA 3G in Italy. 3G cellular networks had about 295 Million subscribers by 2007,
which reflected 9% of the total worldwide subscriber base with 2/3 of these on the WCDMA standard and 1/3
on the EV-DO standard. Sprint made history in September 2008 when it became the first major US carrier to
launch a 4G network in Baltimore. And just when the world thought it was over, the phenomenal 5G surfaced
[6].

A. First Generation System (Analog)
The First-generation (1G) of wireless telephone technology is an analog telecommunications system that was
introduced in the 1980s. First-generation mobile systems used analog transmission for speech services. The first
commercial 1G cellular network was launched in Japan by NTT (Nippon Telegraph and Telephone) in 1979,
initially in the metropolitan area of Tokyo, then Europe in 1981 [6].
1G systems offered handover and roaming capabilities but cellular networks could not be used to make calls
between different countries. This was an obvious limitation of the first generation mobile networks. The
Advanced Mobile Phone System (AMPS) was launched in the United State of America in 1982 with a 40-MHz
bandwidth with 800 to 900 MHz frequency range (as allowed by the Federal Communications Commission, FC
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-C) for AMPS.
In 1988, the Expanded Spectrum (ES) with additional 10 MHz bandwidth was assigned to AMPS. It was first
deployed in Chicago, with a service area of 2100 square miles [5]. AMPS with 832 channels, had a data rate of
10 kbps. Despite using Omni-directional antennas to implement AMPS, directional antennas were still more
effective for better cell reuse as shown in Figure 1 below. Thus a 120-degree directional antenna with a 7cell
reuse pattern was adopted for AMPS since they could give the 18dB signal-to-noise ratio (S/N).

Fig. 1. 1G AMPS architecture, redrawn version [7].

From base stations to mobiles, signals traveled over the forward channel with frequencies 869-894 MHz. The
reverse channel from mobiles to a base station, used frequencies 824-849 MHz. AMPS and TACS adopted the
frequency modulation (FM) technique for radio transmission. FDMA (frequency division multiple access)
systems were used to multiplex traffic.
1G technology replaced Mobile Radio Telephones (MRT) in 0G technology with new features which
included; Mobile Telephone System (MTS), Advanced Mobile Telephone System (AMTS), Improved Mobile
Telephone Service (IMTS), and Push to Talk (PTT).
1G generally supported analog cell phones with a speed of up to 2.4kbps and allowed users to make voice
calls in only one country.
 Features of 1G System
 1G technology only supported Analog systems.
 They adopted the Frequency Modulation (FM) scheme.
 They used FDMA multiplexing, thus they have low capacity.
 1G could only be used for voice calls.
 Prospects of 1G System
1.

It was the first system that allowed communication mobility.

2.

Frequency was allocated to each caller.

3.

They were not as expensive as subsequent technologies

 Challenges of 1G Systems:
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1.

The quality of voice produced was quite poor

2.

Calls could easily be diverted because they offered little or no security

3.

It could not offer data service

4.

Handoff reliability was also very poor

5.

They had limited capacity as frequency needed to be assigned to each user.

6.

The phones that supported 1G technology were quite bulky in size [8]

B. Second-Generation (Digital) Systems
Second-generation (2G) mobile systems were introduced towards the end of the 1980s and commercially
launched based on GSM standards in Finland by Radiolinja in 1991. Low bit rate data services were supported
as well as the traditional speech service. The idea of the first cellular network was brainstormed in 1947. It was
intended to be used for military purposes as a way of supplying troops with more advanced forms of
communications. From 1947 till about 1979 several different forms of broadcasting technology emerged. The
United States began to develop the AMPS (Advanced Mobile Phone Service) network, while European
countries were developing their own forms of communication. However, when Europeans quickly realized the
disadvantages of each European country operating on their mobile network, it prevented cell phone use from
country to country within Europe. With the emerging European Union and high travel volume between
countries in Europe, this was seen as a problem. Rectifying the situation, the Conference of European Posts and
Telegraphs (CEPT) assembled a research group with intentions of researching the mobile phone system in
Europe. This group was called Group Special Mobile (GSM) [9]. Compared to first-generation systems, secondgeneration (2G) systems use digital multiple-access technology, such as TDMA (time division multiple access)
and CDMA (code division multiple access), and had higher spectrum efficiency, better data services, as well as
more advanced roaming. In Europe, the Global System for Mobile Communications (GSM) was deployed to
provide a single unified standard. This enabled seamless services throughout Europe through international
roaming. Global System for Mobile Communications, or GSM, uses TDMA technology to support multiple
users. To date, GSM technology has continued to improve and offered better market services [10].
New technologies are developed based on the original GSM system, leading to more advanced systems
known as 2.5 Generation (2.5G) systems. 3 lines of development in 2G digital cellular systems existed in the
USA. The first digital system, introduced in 1991, was the IS-54 (North America TDMA Digital Cellular), of
which a new version supporting additional services (IS-136) was introduced in 1996. Meanwhile, IS-95 (CDMA
One) was deployed in 1993. The US Federal Communications Commission (FCC) also auctioned a new block
of spectrum in the 1900 MHz band (PCS), allowing GSM1900 to enter the US market.
Since the first 2G networks showed up in the early 1990s, GSM (Global System for Mobile Communication)
has gradually evolved to meet the requirements of data traffic and many more services than the original
networks. The main element being BSS (Base Station Sub-system), in which there are BTS (Base Transceiver
Station) and BSC (Base Station Controllers); and the NSS (Network Switching Subsystem), in which there is
the MSC (Mobile Switching Centre); VLR (Visitor Location Register); HLR (Home Location Register); AC
(Authentication Centre) and EIR (Equipment Identity Register). This network provides all the basic Services up
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to 9.6kbps, fax and can also accommodate a telephony network.
A new design was introduced into the mobile switching center (MSC). The BSCs were employed to lighten
the load placed on the MSC in 1G systems. This design allows the MSC and BSC interfaces to be standardized.
This consideration was devoted to interoperability and standardization in 2G systems and a mobile-assisted
handoff mechanism was introduced, thus, by sending signals received from adjacent base stations, a mobile unit
can trigger a handoff by performing explicit signaling [10].
Voice Mail Service (VMS) and the Short Message Service Centre (SMSC) were introduced to the new GSMs
such that the SMSC became commercially successful so that SMS traffic added to a major part of the total
traffic. Intelligent services also made their mark in the GSM system, giving the operators the chance to create a
range of new services, manage fraud and use prepaid services.

Fig. 2. 2G GSM architecture, redrawn version [11] [12].

 2.5G - GSM and GPRS (General Packet Radio Services)
2.5G - GSM and GPRS (General Packet Radio Services): SGSN (Servicing GPRS) and GGSN (Gateway
GPRS) were added to the existing GSM which made it possible to send packet data on the air interface. In
addition to the SGSN and GGSN, 2.5G also contains the IP routers, firewall servers, and DNS (Domain Name
Servers). This enables wireless access to the internet and bit rate reaching 50 kbps in optimum conditions. 2.5G
began with General Packet Radio Service (GPRS) which is a radio technology for GSM with packet-switching
protocols, shorter setup time for ISP connections, and pay per data sent, rather than connection time. Packet
switching splits information (voice or data) to be sent into packets, of a few Kbytes each, which are routed by
the network between different destinations based on addressing information within each packet, thus network
resources are optimized as they are needed only during the handling of each packet. GPRS is the most
significant step towards 3G, it allows flexible transmission rates and continuous connection to the network.
 2.75G GSM and EDGE (Enhanced Data rates in GSM Environment)
2.75G GSM and EDGE (Enhanced Data rates in GSM Environment): The use of more sophisticated coding
methods over the internet to increase the data rate up to 384 kbps became necessary with both voice and data
traffic moving on the system. Implementing EDGE was painless and needed relatively small changes to network
hardware and software as it uses the same TDMA (Time Division Multiple Access) frame structure, logic
channel, and 200 kHz carrier bandwidth as today’s GSM networks. 2G digital cellular systems still dominate the
mobile industry throughout the whole world. Even though 3G systems were introduced in the market, but their
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penetration is quite limited because of several techno-economic reasons [11].
2G allows clear and fast transmission of data and information with EDGE (Enhanced Data rates for GSM
Evolution)
 Prospects of 2G Systems:
1.

Health risks are reduced because of low power emissions.

2.

SMS, email, and other digital data services were introduced.

 Challenges of 2G systems:
1.

The weaker signal could not reach a cell tower where the population was small [8].

C. Third-Generation (WCDMA in UMTS, CDMA2000 and TD-SCDMA) Systems
3G is the third generation of mobile communication technology. High-volume movement of data became
possible with EDGE, but the packet transfer on the air interface behaves like a circuit’s switch call, losing part
of the packet connection efficiency in the circuit switch environment. The need to have a network that has the
same standards globally gave rise to the development of the 3G network [13].
The demands for 3G mobile networks with the IMT-2000 standard are defined by International
Telecommunication Union (ITU). Third Generation Partnership Project (3GPP) defined a mobile system that
fulfills the IMT-2000 standard. In Europe, it was called UMTS (Universal Terrestrial Mobile System), which is
TSI- driven. IMT2000 is the ITU-T name for the third generation system, while CDMA2000 is the name of the
American 3G variant. WCDMA is the air-interface technology for the UMTS. The main components include BS
(Base Station) or nod B, RNC (Radio Network Controller), apart from WMSC (Wide-band CDMA Mobile
Switching Centre) and SGSN/GGSN as shown in figure 3 below. 3G networks enable network operators to offer
users a wide range of more advanced services with greater network capacity through improved spectral
efficiency. Services offered by 3G include; wide-area wireless voice telephony, video calls, and broadband
wireless data. Others are; HSPA (High-Speed Packet Access) data transmission capabilities of up to 14.4 Mbps
(downlink) and 5.8 Mbps (uplink) [10].

Fig. 3. 3G UMTS architecture; Redrawn version based on [14].

The first commercial 3G network was launched by NTT DoCoMo in Japan and was based on W-CDMA
technology on October 1, 2001 [15]. Since 3G networks used different radio frequencies from 2G, so mobile
operators had to build entirely new networks and with new frequencies; except for the United States where
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carriers operated 3G service in the same frequencies as other services. After China launched its 3G in 2009,
three major companies got a license to operate the 3G network on different standards which were China Mobile
for TD-SCDMA, China Unicom for WCDMA, and China Telecom for CDMA2000 [13].
A wider range of more advanced services was offered by 3G technologies while achieving greater network
capacity through improved spectral efficiency. Among services offered are; wide-area wireless voice telephony,
video calls, and broadband wireless data, mobile television, GPS (global positioning system), and video
conferencing all in a mobile environment. 3G has the following enhancements over 2G and 1G:


Better audio and video streaming service.



Much higher data speed.



Supports Video-conferencing.



Web and WAP browsing at higher speeds.



Supports IPTV (Internet Protocol TV).

 3.5G – HSDPA (High-Speed Downlink Packet Access)
3.5G – HSDPA (High-Speed Downlink Packet Access): HSDPA is a mobile telephony protocol, also called
3.5G that provides a smooth evolutionary path for UMTS-based 3G networks, thereby offering higher data
transfer speeds. It is a packet-based data service in W-CDMA downlink with data transmission up to 10 Mbit/s
(and 20 Mbit/s for MIMO systems) and over 5MHz bandwidth in WCDMA downlink. HSDPA implementations
include Adaptive Modulation and Coding (AMC), Multiple-Input Multiple-Output (MIMO), Hybrid Automatic
Request (HARQ), fast cell search, and advanced receiver design [13].
 3.75G – HSUPA (High-Speed Uplink Packet Access)
3.75G – HSUPA (High-Speed Uplink Packet Access): HSUPA is a UMTS/WCDMA uplink evolution
technology that is directly related to HSDPA and can complement each other. HSUPA improves person-toperson data applications with higher and symmetric data rates, like mobile e-mail and real-time person-to-person
gaming. Business applications along with many consumer applications benefit from enhanced uplink speed.
HSUPA will initially boost the UMTS / WCDMA uplink up to 1.4Mbps and in later releases up to 5.8Mbps [5].
 Features of 3rd Generation
 GPRS offers a speed of up to 144Kbps
 EDGE offers a speed of up to 384Kbps.
 UMTS WCDMA offers a downlink speed of up to 1.92Mbps.
 HSDPA offers a downlink speed of up to 14Mbps
 Prospects of 3G Systems:
1.

3G offers much higher data speed compared to 2G

2.

It incorporates video conferencing service and provided better in-call audio and video services

3.

3G supports IPTV services
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4.

It helped in relieving the overcrowded existing networks due to increased bandwidth

5.

It is a more reliable and secure way of communicating wirelessly

6.

It can provide users with location-based services such as Global Positioning System (GPS)

7.

3G provides video-on-demand and teleconferencing services.

8.

It provided improved multimedia and gaming services.

9.

3G used the new IP (Internet Protocol) connectivity for data services which is packet-based

 Challenges of 3G Systems:
1

It is very expensive due to the increase in protocols and bandwidth of the base stations as well as the
cellular devices that were needed for the upgrade to 3G networks

2

Power consumption significantly increased due to complex MODEM and wide use of data.

3

3G requires base stations closer to the users for improved services which will require more equipment and
that is expensive [8].

D. Fourth-generation (all-IP)
4G communication operates on the concept of “connect anytime, anywhere, anyhow”. Its main features are
seamless access, personalization, Quality of Service (QoS) management, IP based system (end-to-end IP
transmission) as shown in figure 4 below, and it is characterized by high data rates of about 20 Mbps per
customer as well as high mobility.

Fig. 4. Seamless Connection of networks in 4G [16].

The word “MAGIC” defines the features of 4G wireless technology and is interpreted as Mobile multimedia,
anywhere, Global mobility solutions over, integrated wireless, and Customized services [17].

Fig. 5. 4G framework [10].
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4G also known as IMT-Advanced was first launched in 2010 to implement the only packet-switching
technique. It is integrated with one Core Network and several Radio Access Networks (RANs) and provides a
complete IP-based network of 100 Mbps to 1 Gbps speed with a frequency of 2–8 GHz [18]. Since the range of
coverage was smaller due to high speed, it became necessary to incorporate multiple smart antennas to support
long-range communication [19]. Good Quality of Service (QoS) and data rates in 4G support services with
better clarity; such services include but are not limited to Mobile Television, High Definition Television
(HDTV) content, Digital Video Broadcasting (DVB), Video Chat, Multimedia Newspapers, and High-Quality
Live streaming. 4G offers ultra-low latency compared to 3G [20]. Long Term Evolution (LTE) and WiMAX
(World Wide Interoperability for Microwave Access) are the dominant technologies employed by 4G. While
LTE offers downlink data rates of 100 Mbps and uplink of 50 Mbps, WiMAX on the other hand allows
downlink data rates of 75 Mbps and uplink of 25 Mbps [21].
Orthogonal Frequency Division Multiple Access (OFDMA) was introduced in 4G for downlink and make
more efficient use of the spectrum which eliminates the need for guard bands [20]. OFDMA is that it does not
experience interferences because of its orthogonal subcarriers. The whole bandwidth is split into multiple
subcarriers 15KHz apart. A subset of these carriers is then made available to users for data transmission [23].
4G system employs end-to-end IP architecture, meaning that devices in 4G network will serve as both receiver
and router unlike the traditional spoke and hub of 2G and 3G network [24].
 Network Standards
4G mobile technology standards used by different cellular providers that conform to 4G requirements are
LTE (pre-4G), LTE-Advanced, WiMAX, and Ultra Mobile Broadband (UMB).
 LTE: Long Term Evolution (LTE) which is an upgrade of the UMTS (Universal Mobile Telecommunications
Service)and sometimes referred to as 3.9G or Super 3G accomplished higher speeds along with lower
packet latency. Several new technologies among others were introduced by LTE e.g. OFDMA (Orthogonal
Frequency Division Multiple Access) technology and the SC-FDMA (Single-Carrier FDMA) technology. In
fig.6, the function of NodeB and RNC is performed by ENodeB (Evolved NodeB)

Fig. 6. Evolution from UMTS technology used in 3G to LTE used in 4G [25].

 LTE-Advanced: Some of the main features and requirements for LTE are
a.

Maximum downlink speed of 1Gbps
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b.

Maximum uplink speed of 500 Mbps

c.

Latency of 10ms and below

d.

Peak spectrum efficiency 30bps/Hz (downlink) and 15bps/Hz (uplink)

e.

Scalable bandwidth of up to 100MHz
High data throughput in LTE Advanced is achieved through MIMO (Multiple Input Multiple Output) and

OFDM technologies. Other technologies employed to achieve the specified LTE Advanced requirement are:
 Carrier Aggregation (CA): The problem of the insufficient contiguous spectrum is solved by utilizing
multiple channels in either the same or different bands of spectrum to provide the required bandwidths for
very high data rates. This process is called Carrier aggregation.
 Coordinated Multipoint: Interference from adjacent cells causes data rates to reduce, leading to poor
performance at the cell edge. Joint scheduling and transmissions, as well as joint processing of the received
signals, can be used to solve this problem, thereby allowing User Equipment (UE) at the edge of a cell to be
served by two or more eNodeBs (LTE Base Station Component). Thus improving the received and
transmitted signals which in turn increases the throughput at the cell edge.
 LTE Relaying: This scheme enables signals to be forwarded by remote stations from the main base station to
improve coverage.
The two access technologies used in 4G networks are as follow:
 OFDMA: The total bandwidth in Frequency Division Multiplexing is divided into several non-overlapping
frequency bands, each of which carries a separate signal. A single bandwidth is utilized to send several
signals without interference. When modulation of voice, data, etc. is applied to a carrier, the sidebands
spread out on either side of the frequency range. A receiver must receive the whole signal to successfully
demodulate data. This requires spacing (guard band) between the transmitted signals so that they can be
effectively filtered.

Fig. 7. Importance of guard bands in FDM [25].

But such is not the case with OFDMA (Orthogonal Frequency Division Multiple Access). Even though the
sidebands from each carrier fold over each other, the signals can still be received without the expected
interference because the carrier signals are orthogonal (statistically independent) to each other.
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 SC-FDMA: OFDMA has a high Peak to Average Power Ratio (PAPR) due to the superposition of all the
orthogonal signals. High PAPR signals require high energy to be transmitted to long distances. OFDMA is
suitable for downlinks but has a limited battery life for each mobile and it cannot render such high power
signals to the base station for a significant period. Consequently, LTE uses a modulation scheme for uplink
communication known as SC-FDMA (Single Carrier FDMA), which is a hybrid format that combines the
low peak to average ratio offered by single-carrier systems with the multipath interference resilient and
flexible subcarrier frequency allocation that OFDMA provides [25].
 Features of Fourth Generation Technology:
1.

High Performance: 4G offers ultra-fast downlink and uplink speeds of about 100Mbps and still very reliable

2.

Interoperability and Easy Roaming: Roaming in a 4G network is quite easy due to global standards which
ensure global mobility.

3.

Low Cost: Since 4G can be built on existing networks and work on the same existing spectra, mobile
operators don’t need to license new spectrum. This makes 4G very cost-effective.

 Prospects of 4G systems:
1.

Ultra-fast downlink and uplink speeds

2.

Offer better voice quality

3.

Easy access and less latency

4.

Have high bandwidth

 Challenges of 4G systems:
1.

Cell towers require new equipment

2.

Cost of data service is high

3.

It requires 4G compatible devices

4.

No backward compatibility for 3G mobile devices [8].

III. CONCLUSION
Mobile communications systems are showing tremendous enhancements and improved capacity. Subsequent
generations of wireless services, create more demands on localization, personalization, etc., which will drive the
continuous evolution of services and infrastructure. The latest generation of wireless technologies aims at
bringing all the technologies under a single platform which requires data speeds in 1Gbps. Network operators
desire to use lower frequency bands which were used for earlier generations to save the cost of acquiring
frequency spectrum and reach greater distances with minimal or no interference. 3rd and 4th generations of
wireless mobile communication combined can provide uninterrupted services for voice and data in any location.
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