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1.1  Multiple Access Procedures The radio channel is a communication medium 

shared by many users in one geographic region. Mobile stations compete with 

one another for the frequency resource to transmit their information streams. 

Without any other measures to control simultaneous access of several users, 

collisions can occur (a multiple access problem). Since collisions are very 

undesirable for a connection-oriented communication like mobile telephony, the 

individual subscribers/mobile stations must be assigned dedicated channels on 

demand. In order to divide the available physical resources of a mobile system, 

i.e. the frequency bands, into voice channels, special multiple access procedures 

are used, which are presented in Figures 1, 2, 3 and 4.  

1.1.1  Frequency Division Multiple Access (FDMA): Frequency Division 

Multiple Access (FDMA) is one of the most common analog multiple access 

procedures. The frequency band is divided into channels of equal bandwidth such 

that each conversation is carried out on different frequency See Figure 1. Guard 

bands are used between adjacent signal spectra to minimize crosstalk between 

channels. 
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1.1.1.1 Advantages of Frequency Division Multiple Access  

The main advantages of FDMA can be summarized as follows, 

 Reducing the information bit rate and using efficient digital codes can 

obtain capacity increases. 

 As FDMA systems use low bit rates (large symbol time) compared to 

average delay spread, they reduce the cost, and there is low Inter Symbol 

Interference (ISI). 

 There is hardly any equalization required. 

 Technological advances required for implementation are simple. A system 

can be configured so that improvements in terms of speech coder bit-rate 

reduction could be readily incorporated. 

 Since the transmission is continuous, less number of bits are needed for 

synchronization and framing. 

 

1.1.1.2 Disadvantages of Frequency Division Multiple Access  

 The main disadvantages found with FDMA were, 

  It does not differ significantly from analog systems; capacity improvement 

depends onreducing signal-to-interference ratio, or signal-to-noise ratio 

(SNR). 

 The maximum bit rate per channel is fixed and small. 

 The guard bands result in wastage of capacity. 

 Hardware involves narrow band filters, which cannot be realized in VLSI 

and thus increase cost. 

 

1.1.2  Time Division Multiple Access (TDMA)  

      Time Division Multiple Access  (TDMA) is a more complex technique, 

for it needs ahighly accurate synchronization between transmitter and 

receiver [14]. The TDMA technique is used in digital mobile radio systems. 

The individual mobile stations are cyclically assigned afrequency for 

exclusive use only for the duration of a time slot as shown in Figure 2. 



 
Furthermore in most cases the whole system bandwidth for a time slot is not 

assigned to one station, but the system frequency is subdivided into sub bands, 

and TDMA is used for multiple accesses to each sub band. The sub bands are 

known as carrier frequencies, and the mobile system using the technique are 

designated as multiple carrier systems. The pan-European digital system GSM 

(Global System for Mobile communication) employs such a combination of 

FDMA and TDMA; it is a multicarrier TDMA system. A frequency range of 25 

MHz holds 124 single channels (carrier frequencies) of 200 kHz bandwidth each; 

with each of these frequency channels containing again 8 TDMA conversation 

channels. 

Thus, the sequence of time slots and frequency assigned to a mobile station 

represents the physical channels of a TDMA system. In each time slot, the mobile 

station transmits a data burst. 

The period assigned to a time slot for a mobile station thus also determines the 

number of TDMA channels on a carrier frequency. The time slots of one period 

are combined into a so called TDMA frame. Figure 3 shows five channels in a 

TDMA system with a period of three time slots and four carrier frequencies. 

 



 
The TDMA signal transmitted on a carrier frequency in general requires more 

bandwidth than a FDMA signal, because of multiple time use, the gross data rate 

has to be correspondingly higher. 

 

1.1.2.1 Advantages of Time Division Multiple Access.   

The Advantages of TDMA are summarized below. 

  Permits flexible bit rates (i.e., multiple time slots can be assigned to a 

user, e.g., if each time slot translates to 32Kbps, then a 64Kbps user gets 

assigned 2 slots per frame). 

 Can support bursts or variable bit rate traffic. Number of slots assigned to 

a user can be changed frame by frame (e.g., 2 slots in frame 1, 3 slots in 

frame 2, 1 slot in frame 3, 0 slots in frame 4, etc.) 

  No guard bands required for wideband system. 

  No narrowband filters required for wideband system. 

 

1.1.2.2 Disadvantages of Time Division Multiple Access.  

The Disadvantages of TDMA are, 

 The high bit rates of wideband systems require complex equalization. 

 Because of burst mode of operation, a large number of overhead bits for 

synchronization and framing are required. 

 Guard time is required in each slot to accommodate time inaccuracies 

because of clock instability. 

  Electronics operating at high bit rates increase power consumption. 

 Complex signal processing is required for synchronize within a short slot 

time. 

 



1.1.3 Code Division Multiple Access (CDMA)  

Code Division Multiple Access system is very different from time and frequency 

division multiplexing. In this system, a particular user has access to the entire 

bandwidth for the entire time duration as shown in Figure 4. The basic principle 

of CDMA is that different codes are used to distinguish between the different 

users. Typically used forms of modulation are Direct Sequence spread spectrum 

(DS-CDMA), frequency hopping or Joint Detection CDMA (JDCDMA). Here a 

signal is generated that spreads out over a wide bandwidth. A code known as a 

spreading code is used to perform this action. By using a group of codes, which 

are orthogonal to each other, it is possible to pick out a signal with a given code 

in the presence of many other signals with different orthogonal codes. In fact 

many different baseband "signals" with different spreading codes can be 

modulated onto the same carrier to enable many different users to be supported. 

By using different orthogonal codes interference between the signals is minimal. 

Conversely, when signals are received from several mobile stations, the base 

station is able to isolate each one as they have different orthogonal spreading 

codes. 

 

 
1.1.3.1 Advantages of Code Division Multiple Access  

The following are the advantages of CDMA 

 CDMA has a soft capacity. The more the number of codes, more the 

number of users. However as more codes are used the S/I ratio will drop 

and the BER (Bit Error Rate) will go up for all users. 

 CDMA requires tight power control as it suffers for far-near effect. In other 

words, a user close to the base station transmitting with the same power as 

a user farther away will drown the latter.s signal. All signals must have 

more or less equal power at the receiver. 



 Rake receivers can be used to improve signal reception. Time delayed 

versions (a chip or more delayed) of the signal (multipath signals) can be 

collected and used to make bit level decisions. 

 Soft handoffs can be used. Mobiles can switch base stations without 

switching carriers. Two base stations receive the mobile signal and the 

mobile is receiving from two base stations. 

 Burst transmission - reduces interference. 

1.1.3.2 Disadvantages of Code Division Multiple Access  

  The following are the disadvantages of Code Division Multiple Access. 

 The code length has to be carefully selected. A large code length can induce 

delay or even cause interference. 

 Time synchronization is necessary. 

 Soft handoff increases use of radio resources and hence can reduce 

capacity. 

 As the sum of the power received at and transmitted from a base station 

has to constant, a tight power control is needed. This can result in more 

handoffs. 

 

 

 

 

 

What is GSM? 

GSM stands for Global System for Mobile Communication. It is a digital mobile 

telephony system used for trans-receiving of the data and voice signals and is a 

second generation standard for mobile networks. 

The GSM standard operates on three different carrier frequencies 900MHz, 

1800MHz and 1900MHz. 900MHz band is used for original GSM system and the 

1800MHz band is added to support the increasing number of customers. The 1900 

MHz frequency band is used mainly in the United States. 

A GSM phone is a digital cellular technology used for transmitting mobile voice 

and data services. GSM makes use of narrowband Time Division Multiple Access 

(TDMA) technique for transmitting signals.  

The GSM standard has led to the evolution of the wireless services like GPRS 

(General Packet Radio Service) UMTS (Universal Mobile Radio System) and 

EDGE (Enhanced Data Rates for GSM Evolution). Its users were the first to take 

the advantage of Short Message System (SMS). 



A GSM system makes use of cells to provide wireless communication to the 

subscribers. The GSM mobiles are identified by using Subscriber Identity Module 

(SIM). This is a removable smart card which contains the information of the 

subscriber. This SIM card allows the customer to switch from one mobile to 

another. 

Advantages of GSM 

 GSM provides improved spectrum efficiency 

 Low-cost mobile set and base stations 

 High-quality speech 

 International roaming 

 Compatibility with Integrated Services Digital Network (ISDN) 

What is CDMA? 

CDMA stands for Code Division Multiple Access. It is used in cellular 

communication similar to GSM and is a second generation and third generation 

standard for mobile networks. It is the most secure mode of communication 

because of its spread spectrum property. 

CDMA is a form of multiplexing where a number of signals occupy a single 

transmission channel and optimizing the use of available bandwidth. This 

technology is used in ultra high frequency (UHF) cellular systems having a band 

ranging from 800MHz to 1.9GHz. 

CDMA uses to analog to digital conversion in combination with spread spectrum 

technology. First, the audio signal is digitized to binary elements. 

The frequency of the transmitted signal is then made to change according to the 

code. Thus, it can be intercepted only by a receiver whose frequency is 

programmed with the same code. 

The original CDMA standard called CDMA One offers a transmission speed of 

up to 14.4 kbps in its single channel form and up to 115kbps in an eight-channel 

form. CDMA2000 and wideband CDMA deliver the data many times faster. 

Advantages 

 Efficient utilization of fixed frequency spectrum. 

 Flexible allocation of resources 

 Multipath fading may be substantially reduced due to large signal 

bandwidth. 

 No limit on a number of users. 



 Impossible to decipher the code sent and better signal quality. 

 No sense of hand-off when changing cells. 

 The CDMA channel is nominally 1.23MHz wide. 

 Soft hand-off minimizes signal breakup as the handset passes from one cell 

to another. 

 CDMA is compatible with other cellular technologies, thus allowing a 

national wide roaming. 

 

 

 

 

Differences between GSM and CDMA 

  

S.no 

GSM CDMA 

1 The GSM is based on wedge spectrum 

called a carrier. 

  

The CDMA is based on spread 

spectrum technology. 

  

2 This carrier is divided into time slots, and 

each user is assigned a different time slot. 

Thus, until the ongoing call is finished, 

no other user can access the same slot 

(TDMA). 

This technology allows each user to 

transmit over the entire frequency 

spectrum all the time. (CDMA) 

3 Less security compared to CDMA 

technology. 

  

More security is provided in 

CDMA technology. 

  



4 No built-in encryption. It has built-in encryption 

5 Signals can be detected as the GSM 

signals are concentrated in the narrow 

bandwidth. 

The signals cannot be detected 

easily in CDMA. 

  

6 The GSM network operates in the 

frequency spectrum of 850MHz and 

1900MHz. 

  

The CDMA network operates in the 

frequency spectrum of 850MHz and 

1900MHz. 

  

7 GSM is used over 80% of the world’s 

mobile network. 

  

CDMA is exclusively used in the 

United States, Canada and Japan. 

  

8 GSM uses EDGE data transfer 

technology. 

  

CDMA has faster data transfer as 

EVDO ready data transfer 

technology is used 

  

9 It offers a maximum download speed of 

384 Kbps. 

  

It offers a maximum download 

speed of 2 Mbps. 

  

10 A SIM card is required for the working 

of GSM device. 

  

CDMA phones do not have these 

pulses. 

  



11 A GSM is more flexible than CDMA as 

the SIM can be replaced with other GSM 

devices. 

A CDMA is not flexible. 

12 GSM phones emit continuous wave 

pulse. Thus, there is a need to reduce the 

exposures to electromagnetic fields. 

  

CDMA phones do not have these pulses. 

  

13 GSM phone emits about 28 times more 

radiations on an average as compared to 

CDMA. 

  

Very less radiation 

 

 


