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Lecture Outlines 

 Cellular Telephone Systems  

1.1 First Generation (1G) systems 

1.2 Second Generation (2G) systems  

1.3 Third Generation (3G) systems 

1.4 Fourth Generation (4G) systems 

1.5 Fifth Generation (5G) systems 

Teaching Tools: 

 White Board, white board marker and eraser 

 

Teaching Methods: 

1. Method of lecture. 

2. Method of discussion and dialogue. 

3. Brain storming 
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(1. Cellular Telephone Systems) 

The basic cellular system consists of: Mobile station (MS), Base stations (BS) and 

Mobile switching center (MSC) or called Mobile telecommunications switching 

office (MTSO). 

- Cellular systems accommodate a large number of users over a large 

geographic area, within a limited frequency spectrum.  

- High capacity is achieved by limiting the coverage of each base station 

transmitter to a small geographic area called a cell so that the same radio 

channels may be reused by another base station located some distance away.  

- Handoff: is a switching technique that enables a call to proceed uninterrupted 

when the user moves from one cell to another.  

 

1.1  First Generation (1G) systems 

The original cellular telephone networks provided analog traffic channels; these 

are now referred to as first-generation systems. Since the early 1980s the most 

common first-generation system in North America has been the Advanced Mobile 

Phone Service (AMPS). This approach is also common in South America, 

Australia, and China.  

 Two 25-MHz bands are allocated to AMPS. 

 Each of these bands is split in two to encourage competition (i.e., so that in 

each market two operators can be accommodated). An operator is allocated 

only 12.5 MHz in each direction for its system.  

 The channels are spaced 30 kHz apart, which allows a total of 416 channels 

per operator.  
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 21 channels are allocated for control, leaving 395 to carry calls.  

 The control channels are data channels operating at 10 kbps.  

 The conversation channels carry the conversations in analog using FM.  

European Total Access Communication Systems (TACS):  

- Deployed in 1985.  

- Almost identical to AMPS except that the channel bandwidth is scaled to 25 

kHz instead of 30 kHz as in AMPS. 

1.2  Second Generation (2G) systems 

Second-generation systems have been developed in early 90s to provide higher 

quality signals, higher data rates for support of digital services, and greater 

capacity. Moreover, The 2G systems provide: 

- Digital voice coding and modulation 

- Security (Encryption). 

- Error detection and correction. 

- Multiple channels per cell. 

Beginning around 1990, a number of different second-generation systems have 

been deployed, such as Global system for mobile communications (GSM), and 

Interim Standard (IS-95) scheme. The table below lists some key characteristics of 

three of the most important of these systems. 
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 GSM IS-95 

Year introduced 1990 1993 

Developed in Europe North America 

BS transmission band  935~960 MHz 869~894 MHz 

MS transmission band 890~915 MHz 824~849 MHz 

Spacing between 

forward and reverse 

channels 

45 MHz 45 MHz 

Channel bandwidth 200 KHz 1250 KHz 

No. of duplex channels 125 20 

Mobile unit maximum 

power 
20 W 0.2 W 

Users per channel 8 35 

Modulation GMSK QPSK 

Carrier bit rate 270.8 kbps 9.6 kbps 
 

The GSM standard has gained worldwide acceptance as the first universal digital 

cellular system with modern network features extended to each mobile user. 

1.3  Third Generation (3G) systems 

The objective of the third generation (3G) of wireless communication is to provide 

fairly high-speed wireless communications to support multimedia, data, and video 

in addition to voice. 3G developed in the early 2000s, the main features of the 3G 

systems are: 
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 High transmission rate and the support of multimedia services: 

Multiple-megabit internet services, video calls, and mobile TV using a 

single mobile device.  

 Data rate: around 2Mbps. Bandwidth: in the order of MHz 

The ITU’s International Mobile Telecommunications for the year 2000 (IMT-

2000) initiative has defined the ITU’s view of third-generation capabilities as 

• Voice quality comparable to the public switched telephone network. 

• 144-kbps data rate available to users in high-speed motor vehicles over 

large areas. 

• 384 kbps available to pedestrians standing or moving slowly over small 

areas. 

• Support for 2.048 Mbps for office use. 

• Support for both packet-switched and circuit-switched data services. 

• An adaptive interface to the Internet. 

Generally, the technology planned is digital using TDMA or CDMA to provide 

efficient use of the spectrum and high capacity. 

3G enhancements 

3G has the following enhancements over previous networks: 

1. Enhanced audio and video streaming 

2. Several times higher data speed 

3. Video-conferencing support 

4. Web and WAP browsing at higher speeds 

5. IPTV (TV through the Internet) support 
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High Speed Packet Access (HSPA)  

HSPA extends and improves the performance of existing 3G mobile 

telecommunication networks utilizing the WCDMA protocols (also referred to as 

3.5G). The HSPA specifications: 

 increased peak data rates of up to  

• 14 Mbit/s in the downlink  

• 5.76 Mbit/s in the uplink.  

 reduced latency  

 Up to five times more system capacity in the downlink up to twice as much 

system capacity in the uplink compared with WCDMA. 

 

Long Term Evolution (LTE) 

LTE is a standard for wireless communication of high-speed data for mobile 

phones and data terminals. It is based on the GSM/EDGE and UMTS network 

technologies, increasing the capacity and speed using a different radio interface 

together with core network improvements. The standard is developed by the 3GPP. 

The LTE features are: 

 downlink peak rates of 300 Mbit/s,  

 uplink peak rates of 75 Mbit/s  

 Quality of Service (QoS) provisions permitting a transfer latency of less than 

5 ms in the radio access network (RAN). 

 Has the ability to manage fast-moving mobiles  

 Supports scalable carrier bandwidths, from 1.4 MHz to 20 MHz. 
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 Orthogonal frequency-division multiple access (OFDMA) for the downlink, 

Single-carrier FDMA for the uplink to conserve power. 

 Supports both FDD and TDD. 

 

1.4 Fourth Generation (4G) systems 

4G provides mobile broadband Internet access, with higher data rate and expanded 

multimedia services. The main features of the 4G systems are 

 Higher speed 0.1~1 Gbps. 

 More security. 

 Higher capacity. 

 Lower cost than previous generations. 

 Provides digital system with voice over-IP (VOIP) technology. 

 IPv6 Core. 

 Orthogonal frequency-division multiplexing (OFDM) is used instead of 

CDMA. 

The 4G system are able to provide a comprehensive IP solution where voice, data 

and streamed multimedia can be given to users on an "Anytime, Anywhere" basis.  

LTE Advanced (LTE-A) 

LTE Advanced is a mobile communication standard and a major enhancement of 

the Long Term Evolution (LTE) standard. It was formally submitted as a candidate 

4G system to ITU in late 2009 as meeting the requirements of the IMT-Advanced 

standard, and was standardized by the 3GPP in March 2011. 
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The main features of the LTE-Advanced are 

 higher capacity,  

 increased peak data rate,  

- Downlink 3 Gbps,  

- Uplink 1.5 Gbps 

 Higher spectral efficiency (30 bps/Hz) 

 Increased number of simultaneously active subscribers. 

 LTE-Advanced can use up to 8x8 MIMO and 128 QAM in downlink 

direction. LTE-Advanced is now available in 31 countries (including South 

Korea, Australia, France, Germany, U.K. and the U.S.). 
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1.5 Fifth Generation (5G) systems 

5G denotes the next major phase of mobile telecommunications standards beyond 

4G. 5G can be a complete wireless communication without limitation, which bring 

us perfect real world wireless, supportable to the World Wide Wireless Web 

(WWWW).  According to the Group Special Mobile Association (GSMA) to 

qualify for a 5G a connection should meet most of these eight criteria: 

1. One to 10Gbps connections to end points in the field 

2. One millisecond end-to-end round trip delay  

3. 1000x bandwidth per unit area 

4. 10 to 100x number of connected devices 

5. (Perception of) 99.999 percent availability 

6. (Perception of) 100 percent coverage 

7. 90 percent reduction in network energy usage 

8. Up to ten-year battery life for low power, machine-type devices 

The Next Generation Mobile Networks Alliance feels that 5G should be rolled out 

by 2020 to meet business and consumer demands. In addition to providing simply 

faster speeds, they predict that 5G networks also will need to meet the needs of 

new use cases, such as: 

 Internet of Things (IoT). 

 Broadcast-like services and lifeline communication in times of natural 

disaster. 

 

 

 

http://www.gsma.com/
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