UNIT 6
Spread Spectrum Modulation

A collective class of signaling technigues are employed before transmitting a signal to
provide a secure communication, known as the Spread Spectrum Modulation. The main
advantage of spread spectrum communication technigue is to prevent “interference”
whether it is intentional or unintentional.

The signals modulated with these techniques are hard to interfere and cannot be
jammed. An intruder with no official access is never allowed to crack them. Hence,
these techniques are used for military purposes. These spread spectrum signals
transmit at low power density and has a wide spread of signals.

Pseudo-Noise Sequence

A coded sequence of1sand0Oswith certain auto-correlation properties, called
as Pseudo-Noise coding sequenceis used in spread spectrum techniques. It is a
maximum-length sequence, which is a type of cyclic code.

Narrow-band and Spread-spectrum Signals

Both the MNarrow band and Spread spectrum signals can be understood easily by
observing their frequency spectrum as shown in the following figures.

Narrow-band Signals

The Narrow-band signals have the signal strength concentrated as shown in the
following frequency spectrum figure.
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Following are some of its features -

« Band of signals occupy a narrow range of frequencies.
« Power density is high.

« Spread of energy is low and concentrated.

Though the features are good, these signals are prone to interference.

Spread Spectrum Signals

The spread spectrum signals have the signal strength distributed as shown in the
following frequency spectrum figure.
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Following are some of its features -

« Band of signals occupy a wide range of frequencies.
« Power density is very low.

« Energy is wide spread.

With these features, the spread spectrum signals are highly resistant to interference or
jamming. Since multiple users can share the same spread spectrum bandwidth without
interfering with one another, these can be called as multiple access techniques.

FHSS and DSSS / CDMA

Spread spectrum multiple access techniques uses signals which have a transmission
bandwidth of a magnitude greater than the minimum required RF bandwidth.



~ These are of two types.

+ Frequency Hopped Spread Spectrum FHSS
+ Direct Sequence Spread Spectrum DSS5

Frequency Hopped Spread Spectrum FHSS

This is frequency hopping technique, where the users are made to change the
frequencies of usage, from one to another in a specified time interval, hence called
as frequency hopping. For example, a frequency was allotted to sender 1 for a
particular period of time. Now, after a while, sender 1 hops to the other frequency and
sender 2 uses the first frequency, which was previously used by sender 1. This is called
as frequency reuse.

The frequencies of the data are hopped from one to another in order to provide a secure
transmission. The amount of time spent on each frequency hop is called as Dwell time.

Direct Sequence Spread Spectrum D555

Whenever a user wants to send data using this DSSS technique, each and every bit of
the user data is multiplied by a secret code, called as chipping code. This chipping code
is nothing but the spreading code which is multiplied with the original message and
transmitted. The receiver uses the same code to retrieve the original message.

Comparison between FHSS and DSSS/CDMA

Both the spread spectrum technigues are popular for their characteristics. To have a
clear understanding, let us take a look at their comparisons.

FHSS DSSS / CDMA
Mulhtiple frequencies are used Single frequency is used

Hard to find the user's frequency at any instant  User frequency, once

of time allotted is always the
same

Frequency reuse is allowed Frequency reuse is not
allowed

Sender has to wait if the

Sender need not wait .
spectrum is busy

Power strength of the signal is high Power strength of the
signal is low



Stronger and penetrates through the obstacles It is weaker compared to

FHSS

It is never affected by interference It can be affected by
interference

It is cheaper It is expensive

This is the commonly used technique This technigue is not

frequently used

https://ersahilkagyan.com

Advantages of Spread Spectrum

Following are the advantages of spread spectrum -

+ Cross-talk elimination

« Better output with data integrity

+ Reduced effect of multipath fading
+ Better security

« Reduction in noise

+« Co-existence with other systems

+ Longer operative distances

+ Hard to detect

+ Not easy to demodulate/decode

« Difficult to jam the signals

Although spread spectrum techniques were originally designed for military uses, they
are now being used widely for commercial purpose.

CDMA - Technology

Code Division Multiple Access (CDMA) is a sort of multiplexing that facilitates various
signals to occupy a single transmission channel. It optimizes the use of available
bandwidth. The technology is commonly used in ultra-high-frequency (UHF) cellular
telephone systems, bands ranging between the 800-MHz and 1.9-GHz.



CDMA Overview

Code Division Multiple Access system is very different from time and frequency
multiplexing. In this system, a user has access to the whole bandwidth for the entire
duration. The basic principle is that different CDMA codes are used to distinguish
among the different users.

Techniques generally used are direct sequence spread spectrum modulation (DS-
CDMA), frequency hopping or mixed CDMA detection (JDCDMA). Here, a signal is
generated which extends over a wide bandwidth. A code called spreading code is used
to perform this action. Using a group of codes, which are orthogonal to each other, it is
possible to select a signal with a given code in the presence of many other signals with
different orthogonal codes.

How Does CDMA Work?

CDMA allows up to 61 concurrent users in a 1.2288 MHz channel by processing each
voice packet with two PN codes. There are 64 Walsh codes available to differentiate
between calls and theoretical limits. Operational limits and quality issues will reduce the
maximum number of calls somewhat lower than this value.

In fact, many different "signals" baseband with different spreading codes can be
modulated on the same carrier to allow many different users to be supported. Using
different orthogonal codes, interference between the signals is minimal. Conversely,
when signals are received from several mobile stations, the base station is capable of
isolating each as they have different orthogonal spreading codes.

The following figure shows the technicality of the CDMA system. During the
propagation, we mixed the signals of all users, but by that you use the same code as the
code that was used at the time of sending the receiving side. You can take out only the
signal of each user.
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~ CDMA Capacity
The factors deciding the CDMA capacity are -

« Processing Gain
« Signal to Noise Ratio
+ Voice Activity Factor

+ Frequency Reuse Efficiency

Capacity in CDMA is soft, COMA has all users on each frequency and users are
separated by code. This means, CDMA operates in the presence of noise and
interference.

In addition, neighboring cells use the same frequencies, which means no re-use. So,
CDMA capacity calculations should be very simple. No code channel in a cell, multiplied
by no cell. But it is not that simple. Although not available code channels are 64, it may
not be possible to use a single time, since the COMA frequency is the same.

Centralized Methods

+ The band used in COMA is 824 MHz to 894 MHz (50 MHz + 20 MHz separation).
+ Frequency channel is divided into code channels.

+« 1.25 MHz of FDMA channel is divided into 64 code channels.

Processing Gain

CDMA is a spread spectrum technique. Each data bit is spread by a code sequence.
This means, energy per bit is also increased. This means that we get a gain of this.

P (gain) = 10log (W/R)

W is Spread Rate

R is Data Rate

For CDMA P (gain) = 10 log (1228800/9600) = 21dB

This is a gain factor and the actual data propagation rate. On an average, a typical
transmission condition requires a signal to the noise ratio of 7 dB for the adequate
guality of voice.

Translated into a ratio, signal must be five times stronger than noise.
Actual processing gain = P {(gain) - SNR

=21-7=14dB

CDMA uses variable rate coder

The Voice Activity Factor of 0.4 is considered = -4dB.

Hence, CDOMA has 100% frequency reuse. Use of same frequency in surrounding cells
causes some additional interference.

In CDMA frequency, reuse efficiency is 0.67 (70% eff.) =-1.73dB
Advantages of COMA

CDMA has a soft capacity. The greater the number of codes, the more the number of
users. It has the following advantages -



l
CDMA requires a tight power control, as it suffers from near-far effect. In other

words, a user near the base station transmitting with the same power will drown
the signal latter. All signals must have more or less equal power at the receiver

Rake receivers can be used to improve signal reception. Delayed versions of time
(a chip or later) of the signal {(multipath signals) can be collected and used to
make decisions at the bit level.

Flexible transfer may be used. Mobile base stations can switch without changing
operator. Two base stations receive mobile signal and the mobile receives
signals from the two base stations.

« Transmission Burst - reduces interference.

-

-

-

Disadvantages of COMA
The disadvantages of using CDMA are as follows -

+ The code length must be carefully selected. A large code length can induce delay
or may cause interference.

+ Time synchronization is required.

+ Gradual transfer increases the use of radio resources and may reduce capacity.

+ As the sum of the power received and transmitted from a base station needs
constant tight power control. This can result in several handovers.
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