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UNIT-I 

Spread Spectrum Modulation: Introduction, frequency hopping multiple access, CDMA, cellular CDMA 

systems, multi user detection, time hopping impulse radio. 

Spread Spectrum Modulation 

Introduction: 

We know that the available spectrum for the wireless communication is limited. Each wireless 

communication system uses a certain frequency band that is assigned to this specific service of 

application. Spectrum is thus a limited resource and it cannot be extended. Due the spectrum limitation 

we have to use the available spectrum in very precisely or in efficient manner to serve many users as 

possible. There are different methods or techniques that allow the multiple users to access the available 

band and known as multiple access (MA) methods. The different multiple access techniques are as 

follows 

 Frequency Division Multiple Accesses (FDMA) - In FDMA different frequencies are assigned 

to different users. 

 Time Division Multiple Access (TDMA) - In TDMA different timeslots are assigned to 

different users. 

 Code Division Multiple Access (CDMA) - In CDMA different codes are assigned to each user. 

 Space Division Multiple Access (SDMA)- In SDMA multiple antennas are used for multiple 

access.  

A collective class of signaling techniques are employed before transmitting a signal to provide a secure 

communication, known as the Spread Spectrum Modulation. The main advantage of spread spectrum 

o u i atio  te h i ue is to p e e t i te fe e e  hethe  it is i te tio al o  u i te tio al. 
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 of 1s and 0s with certain auto-correlation properties, called as Pseudo-Noise coding 

sequence is 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 Narrow band and Spread spectrum signals can be understood easily by observing their 

frequency spectrum as shown in the following figures. 
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Narrow-band Signals 

The Narrow-band signals have the signal strength concentrated as shown in the following frequency 

spectrum figure. 

 
Fig.01: Narrowband signal representation 

Follo i g a e so e of its featu es − 

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. 

 

Fig.01: Spread spectrum signal representation 

 

Following are so e 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. 
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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 (DSSS) 

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 (DSSS) 

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 techniques are popular for their characteristics. To have a clear 

understanding, let us take a look at their comparisons. 

FHSS DSSS / CDMA 

Multiple frequencies are used Single frequency is used 

Ha d to fi d the use s f e ue  at a  i sta t of 
time 

User frequency, once allotted is always the 

same 

Frequency reuse is allowed Frequency reuse is not allowed 

Sender need not wait Sender has to wait if the 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 
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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 technique is not frequently used 

Advantages of Spread Spectrum 

Following are the advantages of spread spectru  − 

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. 

Code Division Multiple Access 

 

Code division multiple access is technique in which number of signal transmitted over a shared channel 

using the different code assignment to each signal. In CDMA system a user has access to the total 

available bandwidth for the entire duration. Different CDMA codes are assigned to different user for 

distinguish them. CDMA utilize a spread spectrum technique in which a spreading signal which is 

uncorrelated to the other signal. This uncorrelated code is used to spread the narrow band message 

signal.         

 

 

Figure03: Principle behind code division multiple access. 
 

CDMA spread spectrum is similar to the direct sequence spread spectrum system. In this the 

information sequence is multiplied by a broadband signal which is generated by modulating carrier 

signal with the code/ spreading sequence generated by PN generator. At the receiver end reverse 

operation is performed i.e. dispreading operation. This is done by correlating the received signal with 
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the spreading sequence. This process reverses bandwidth spreading, so that after correlation, the 

desired signal is obtained.  

 

FDMA - Technology 

Frequency Division Multiple Access (FDMA) is one of the most common analogue multiple access 

methods. The frequency band is divided into channels of equal bandwidth so that each conversation is 

carried on a different frequency (as shown in the figure below). 

FDMA Overview 

In FDMA method, guard bands are used between the adjacent signal spectra to minimize crosstalk 

between the channels. A specific frequency band is given to one person, and it will received by 

identifying each of the frequency on the receiving end. It is often used in the first generation of analog 

mobile phone. 

 

Figure04: FDMA. 
 

Advantages of FDMA 

As FDMA systems use low bit rates (large symbol time) compared to average delay spread, it offers the 

follo i g ad a tages − 

Reduces the bit rate information and the use of efficient numerical codes increases the capacity. 

It reduces the cost and lowers the inter symbol interference (ISI) 

Equalization is not necessary. 

An FDMA system can be easily implemented. A system can be configured so that the improvements in 

terms of speech encoder and bit rate reduction may be easily incorporated. 

Since the transmission is continuous, less number of bits are required for synchronization and framing. 

Disadvantages of FDMA 

Although FDMA offers several advantages, it has a few drawbacks as well, which are listed elo  − 

It does not differ significantly from analog systems; improving the capacity depends on the signal-to-

interference reduction, or a signal-to-noise ratio (SNR). 

The maximum flow rate per channel is fixed and small. 

Guard bands lead to a waste of capacity. 

Hardware implies narrowband filters, which cannot be realized in VLSI and therefore increases the cost. 
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TDMA - Technology 

Time Division Multiple Access (TDMA) is a digital cellular telephone communication technology. It 

facilitates many users to share the same frequency without interference. Its technology divides a signal 

into different timeslots, and increases the data carrying capacity. 

TDMA Overview 

Time Division Multiple Access (TDMA) is a complex technology, because it requires an accurate 

synchronization between the transmitter and the receiver. TDMA is used in digital mobile radio systems. 

The individual mobile stations cyclically assign a frequency for the exclusive use of a time interval. 

In most of the cases, the entire system bandwidth for an interval of time is not assigned to a station. 

However, the frequency of the system is divided into sub-bands, and TDMA is used for the multiple 

access in each sub-band. Sub-bands are known as carrier frequencies. The mobile system that uses this 

technique is referred as the multi-carrier systems. 

In the following example, the frequency band has been shared by three users. Each user is assigned 

definite timeslots to send and receive data. In this example, user B  sends after user A,  and 

user C  sends thereafter. In this way, the peak power becomes a problem and larger by the burst 

communication. 

 

Figure05: FDMA. 
 

FDMA and TDMA 

This is a multi-carrier TDMA system. A 25 MHz frequency range holds 124 single chains (carrier 

frequencies 200) bandwidth of each kHz; each of these frequency channels contains 8 TDMA 

conversation channels. Thus, the sequence of timeslots and frequencies assigned to a mobile station is 

the physical channels of a TDMA system. In each timeslot, the mobile station transmits a data packet. 

The period of time assigned to a timeslot for a mobile station also determines the number of TDMA 

channels on a carrier frequency. The period of timeslots are combined in a so-called TDMA frame. TDMA 

signal transmitted on a carrier frequency usually requires more bandwidth than FDMA signal. Due to the 

use of multiple times, the gross data rate should be even higher. 

Advantages of TDMA 

Here is a list of few notable ad a tages of TDMA − 

Permits flexible rates (i.e. several slots can be assigned to a user, for example, each time interval 

translates 32Kbps, a user is assigned two 64 Kbps slots per frame). 

Can withstand gusty or variable bit rate traffic. Number of slots allocated to a user can be changed 

frame by frame (for example, two slots in the frame 1, three slots in the frame 2, one slot in the frame 3, 

frame 0 of the notches 4, etc.). 
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No guard band required for the wideband system. 

No narrowband filter required for the wideband system. 

Disadvantages of TDMA 

The disad a tages of TDMA a e as follo  − 

High data rates of broadband systems require complex equalization. 

Due to the burst mode, a large number of additional bits are required for synchronization and 

supervision. 

Call time is needed in each slot to accommodate time to inaccuracies (due to clock instability). 

Electronics operating at high bit rates increase energy consumption. 

Complex signal processing is required to synchronize within short slots. 

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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Figure06: FDMA. 
 

CDMA Capacity 

The fa to s de idi g the CDMA apa it  a e − 

Processing Gain 

Signal to Noise Ratio 

Voice Activity Factor 

Frequency Reuse Efficiency 

Capacity in CDMA is soft, CDMA 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 CDMA frequency is the same. 

Centralized Methods 

The band used in CDMA 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 quality of voice. 

Translated into a ratio, signal must be five times stronger than noise. 

Actual processing gain = P (gain) - SNR 

= 21 – 7 = 14dB 
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CDMA uses variable rate coder 

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

Hence, CDMA 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 CDMA 

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

follo i g ad a tages − 

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. 

T a s issio  Bu st − edu es i te fe e e. 
Disadvantages of CDMA 

The disad a tages of usi g CDMA a e as follo s − 

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. 

 

Figure07: FDMA, TDMA and CDMA. 
 

CDMA - Spread Spectrum 

All technical modulation and demodulation strive for greater power and/or efficiency of bandwidth in a 

white Gaussian additive stationary noise channel. Since bandwidth is a limited resource, one of the 

primary design goals of all the modulation schemes is to minimize the bandwidth required for 
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transmission. On the other hand, spread spectrum techniques use a transmission bandwidth that is 

order of the magnitude greater than the bandwidth required the minimum signal. 

The advantage of spread spectrum technique is that — many users can simultaneously use the same 

bandwidth without interfering with each other. Therefore, spread spectrum is not economic when the 

number of users is less. 

Spread spectrum is a form of wireless communications in which the frequency of the transmitted signal 

is deliberately varied resulting higher bandwidth. 

Spread-spectrum is apparent in the Shannon and Hartley channel- apa it  theo e  − 

C = B × log2 (1 + S/N) 

I  the gi e  e uatio , `C  is the ha el apa it  i  its pe  se o d ps , hi h is the a i u  data 
rate for a theoretical bit-e o  ate BE‘ . B  is the e ui ed ha el a d idth i  Hz, a d “/N is the 

signal-to-noise power ratio. 

Spread spectrum uses wideband, noise-like signals that are hard to detect, intercept, or demodulate. 

Additionally, spread-spectrum signals are harder to jam (interfere with) than narrow band signals. 

Since spread-spectrum signals are so wide, they transmit at a much lower spectral power density, 

measured in watts per hertz, than narrow band transmitters. Spread-spectrum and narrowband signals 

can occupy the same band, with little or no interference. This capability is the main attraction for all the 

interest in spread spectrum today. 

Points to Remember − 

The transmitted signal bandwidth is greater than the minimal information bandwidth, which is needed 

to transmit the signal successfully. 

Some function other than the information itself is normally employed to determine the resultant 

transmitted bandwidth. 

Follo i g a e the t o t pes of sp ead spe t u  te h i ues − 

Direct Sequence and 

Frequency Hopping. 

Direct Sequence is adopted by CDMA. 

Direct Sequence (DS) 

Direct Sequence Code Division Multiple Access (DS-CDMA) is a technique to multiplex users by different 

codes. In this technique, the same bandwidth is used by different users. Each user is assigned with one 

its own spreading code. These sets of codes are divided into two lasses − 

Orthogonal Codes and 

Non-Orthogonal Codes 

Walsh sequences come into the first category which is Orthogonal Codes whereas other sequences i.e. 

PN, Gold, and Kasami are shift register sequences. 
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Figure09: Spread spectrum Modulator. 

 
Orthogonal codes are assigned to the users, the output of the correlator in the receiver will be zero 

except the desired sequence. In synchronous direct sequence, the receiver receives the same code 

sequence which was transmitted so that there is no time shift between the users. 

Demodulating DS Signals - 1 

In order to demodulate DS signals, you need to know the code that was used at the time of 

transmission. In this example, by multiplying the code used in the transmission to the reception signal, 

we can get the transmitted signal. 

In this example, multiple codes were used at the time of transmission (10,110,100) to the received 

signal. Here, we have calculated by using the law of two additives (Modulo 2 Addition). It is further 

demodulated by multiplying the code that was used at the time of this transmission, called the reverse 

diffusion (de-spreading). In the diagram given below, it can be seen that during the transmission of the 

data to the narrow band (Narrow Band) spectrum, the spectrum of the signal is dispread. 

 
Figure09: Spread spectrum Demodulator. 

 
Demodulating DS Sig als − 2 

On the other hand, if you do not know the code that was used at the time of transmission, you will not 

be able to demodulate. Here, you are trying to demodulation in the code of different (10101010) and 

the time of transmission, but it has failed. 

Even looking at the spectrum, it is spreading during the time of transmission. When it is passed through 

a band-pass filter (Band Path Filter), only this small signal remains and these are not demodulated. 
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Figure09: Spread spectrum Demodulator. 

 
Features of Spread Spectrum 

As shown in the following figure, the power density of Spread Spectrum signals could be lower than the 

noise density. This is a wonderful feature that can keep the signals protected and maintain privacy. 

 
Figure09: Spread spectrum Features. 

By spreading the spectrum of the transmitted signal, one can reduce its power density such that it 

becomes less than the power density of the noise. In this way, it is possible to hide the signal in the 

noise. It can be demodulated if you know the code that was used to send the signal. In case the code is 

not known, then the received signal will remain hidden in the noise even after the demodulation. 

 

DS-CDMA 

DS code is used in CDMA. So far, it has been explained basic part of the spread spectrum 

communication. From here, we will explain how Direct Sequence Code Division Multiple Access (DS-

CDMA) works. 

Downloaded from  be.rgpvnotes.in

Page no: 12 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


The signal which is spread spectrum, can be demodulated only by a code used for transmission. By using 

this, the transmission signal of each user can be identified by the separate code when it receives the 

signal. In the given example, the spread signal of the user A at the code A, and diffused signal of user B 

at code B. Each of the signal when it receives are mixed. However, by the inverse diffuser (Despreadder), 

it identifies the signal of each user. 

DS-CDMA System - Forward Link 

 
Figure10: DS Spread spectrum. 

 
DS-CDMA System - Reverse Link 

 
Figure11: DS Spread spectrum. 
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Spreading Code 

Cross-Correlation 

Correlation is a method of measurement of how precisely a given signal matches with a desired code. In 

CDMA technology, each user is assigned with a different code, the code which is being assigned or 

chosen by the user is very important to modulate the signal because it is related to the performance of 

the CDMA system. 

One will get best performance when there will be clear separation between the signal of desired users 

and signals of the other users. This separation is made by correlating the desired signal code which was 

locally generated and other received signals. If the signal matches with the code of the user, then the 

correlation function will be high and the system can extract that signal. If the user's desired code has 

nothing in common with the signal, the correlation should be as close to zero as possible (thus 

eliminating the signal); also known as cross correlation. So, there is a self-correlation (Self-Correlation) 

and cross-correlation (Cross-Correlation). 

Properties of self-correlation and code are shown in the diagram given below where correlation 

et ee  sp eadi g ode A  a d sp eadi g ode B  is shown. In this example, the calculated correlation 

of sp eadi g ode A  a d sp eadi g ode B   is gi e , hile 
performing calculations in below example, the result has come to 6/16. 

 

Preferable Codes 

Preferable code is used in CDMA. There are different codes that can be used depending on the type of a 

s ste  of CDMA. The e a e t o t pes of s ste  − 

Synchronous (Synchronous) System and 

Asynchronous (Asynchronous) System. 
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In a synchronous system, orthogonal codes (Orthogonal Code) can be used. In asynchronous system for 

this, such as pseudo-random code (Pseudo-random Noise) or Gold code is used. 

In order to minimize mutual interference in DS-CDMA, the spreading codes with less cross-correlation 

should be chosen. 

Synchronous DS-CDMA 

Orthogonal Codes are appropriate. (Walsh code etc.) 

Asynchronous DS-CDMA 

Pseudo-random Noise (PN) codes/Maximum sequence 

Gold Codes 

 

Synchronous DS-CDMA 

Synchronous CDMA Systems are realized in Point to Multi-point Systems. For example, Forward Link 

(Base Station to Mobile Station) in Mobile Phone. 

 
Synchronization system is used in one-to-many (Point to Multipoint) systems. For example, at a given 

time, in a mobile communication system, a single base station (BTS) can communicate with multiple cell 

phones (forward link/downlink). 

In this system, a transmission signal for all the users can communicate in synchronization. Means, 

"Synchronization" on this point is a sense that can be sent to align the top of each user signal. In this 

system, it is possible to use orthogonal codes and it is also possible to reduce mutual interference. And 

orthogonal codes, it is the sign, such as cross-correlation i.e. 0. 

Asynchronous DS-CDMA 

In asynchronous CDMA system, orthogonal codes have bad cross-correlation. 
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Unlike the signal from the base station, the signal from the mobile station to the base station, becomes 

the asynchronous system. 

In an asynchronous system, somewhat mutual interference increases, but it uses the other codes such 

as PN code or Gold code. 

 

Advantages of Spread Spectrum 

Since the signal is spread over a wide frequency band, the power spectral density becomes very low, so 

other communication systems do not suffer from this kind of communication. However, the Gaussian 

oise i eases. Gi e  elo  is a list of a fe  ajo  ad a tages of “p ead “pe t u  − 

Multipath can be agreed with, as a large number of codes can be generated, allowing a large number of 

users. 

In spread spectrum, there is no limit of users whereas there is limitations of users in FDMA technology. 

“e u it  − ithout k o i g the sp eadi g ode, it is ha dl  possi le to e o e  the t a s itted data. 
Des e di g eje tio  − as la ge a d idth is used the s ste ; it is less susceptible to deformation. 

PN Sequence 

The DS-CDMA system uses two types of spreading sequences, i.e., PN sequences and orthogonal codes. 

As mentioned above, the PN sequenc is generated by the pseudo-random noise generator. It is simply a 

binary linear feedback shift register, consisting of XOR gates and a shift register. This PN generator has 

the ability to create a sequence identical for both the transmitter and the receiver, and retaining the 

desirable properties of the noise randomness bit sequence. 

A PN sequence has many features such as having an almost equal number of zeros and ones, very low 

correlation between shifted versions of the sequence, and very low cross-correlation with other signals 

such as interference and noise. However, it is able to correlate well with itself and its inverse. Another 

important aspect is the autocorrelation of the sequence as it determines the ability to synchronize and 

lock the spreading code for the received signal. This fight effectively effects the multiple interference 

and improves the SNR. M-sequences, Gold codes, and Kasami sequences are the examples of this class 

of sequences. 

A Pseudo-random Noise (PN) sequence is a sequence of binary numbers, e.g. ±1, which appears to be 

random; but it is in fact, perfectly deterministic. 

PN se ue es a e used fo  t o t pes of PN sp ead spe t u  te h i ues − 

Direct Signal Spread Spectrum (DS-SS) and 

Frequency Hop spread Spectrum (FH-SS). 

If u  uses P“K fo  odulati g the PN se ue e, it esults i  D“-SS. 

If u  uses F“K for modulating the PN sequence, it results in FH-SS. 

Frequency Hopping Technology 

Frequency hopping is a spread spectrum in which the propagation takes place by hopping in frequency 

over a wide band. The precise order in which the break occurs is determined by a hopping table 

generated by using a pseudo-random code sequence. 

Hopping rate is a function of the speed information. The order of frequencies is selected by the receiver 

and is dictated by the pseudo-random noise sequence. Although the transmission of a frequency 
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hopping signal spectrum is quite different from that of a direct sequence signal, it suffices to note that 

the data is distributed over a signal band is larger than necessary to carry. In both the cases, the 

resulting signal will appear as noise and the receiver uses a similar technique, which is used in the 

transmission to recover the original signal. 

 

Multiuser detection 

Multiuser detection deals with demodulation of the mutually interfering digital streams of information 

that occur in areas such as wireless communications, high-speed data transmission, DSL, satellite 

communication, digital television, and magnetic recording.[1] It is also being currently investigated for 

demodulation in low-power inter-chip and intra-chip communication. Multiuser detection encompasses 

both receiver technologies devoted to joint detection of all the interfering signals[2] or to single-user 

receivers which are interested in recovering only one user but are robustified against multiuser 

interference and not just background noise. 

Mutual interference is unavoidable in modern spectrally efficient wireless systems: even when using 

orthogonal multiplexing systems such as TDMA, synchronous CDMA or OFDMA, multiuser interference 

originates from channel distortion and from out-of-cell interference. In addition, in multi-antenna 

(MIMO) systems, the digitally modulated streams emanating from different antennas interfere at the 

receiver, and the MIMO receiver uses multiuser detection techniques to separate them.[3] By exploiting 

the structure of the interfering signals, multiuser detection can increase spectral efficiency, receiver 

sensitivity, and the number of users the system can sustain. 

Because of the mistaken belief in some quarters of the spread spectrum community that little could be 

gained from receivers more sophisticated than the single-user matched filter, multiuser detection did 

not start developing until the early 1980s.[4] Verdu[5] showed that the near-far problem suffered by 

CDMA was not inherent to this multiplexing technology and could be overcome by an optimum receiver 

that demodulates all users simultaneously. Verdu's receiver consisted of a bank of matched filters 

followed by a Viterbi algorithm. In the context of the capacity of the narrowband Gaussian two-user 

multiple-access channel, Cover[6] showed the achievability of the capacity region by means of a 

successive cancellation receiver, which decodes one user treating the other as noise, re-encodes its 

signal and subtracts it from the received signal. The same near-far resistance of the optimum receiver 

can be achieved with the decorrelating receiver proposed in.[7] Adaptive multiuser detectors that do 

not require prior knowledge of the interfering waveforms have also been proposed.[8][9] 

 

Multiuser detection in CDMA 

Multiuse  dete tio  MUD  assu es the k o ledge of all use s  sig atu es {usi g pseudo ode e to  
and esti ates of all use s  ha el i pulse espo ses h t  e to  fo  all use s, h ,h ,....et  o  a 
matrix if multiple antennas were used h(1,1), h(1,2), ..., h(n,m), n is the number of users and m is the 

number of antenna elements) in order to improve the detection of each individual user. 

The employment of MUD is more feasible for the uplink because all mobiles transmit to the base station 

a d the ase statio  has to dete t all the use s  sig als a a . 
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The major drawback of joint detection lies in the e ei e s  g eate  o ple it . hi h i eases 
exponentially with the increase in the number of users to be demodulated simultaneously. 

Basically, at the base station can detect all. Once one user signal is detected it is used to generate the 

corresponding noise (by re-multiplying with the pseudo-code) again and the resulting (noise) signal can 

be subtracted from the received total signal to improve the reception of others. This process can be 

repeated successively to obtain the rest of the signal in an iterative multiple subtractions MUD. Of 

course, this is one of the methods and many other sub-optimal methods are devised.  

In multi-user detection (MUD) you will always need detection by standard techniques of BPSK, 

QPSK,...etc. In fact a matched filter detector is a basic ingredient in MUD circuit. The improvements 

resulting from MUD is that we get red of the effect of others that are considered as simply interference 

(basically noise). Assume we have one signal only received at the base station, this signal can be 

detected by a matched filter (matched to the whatever, BPSK or QPSK or else). Even with one signal 

errors in reception can occur because of the added thermal noise. Thermal noise can't be avoided. Now 

assume we have another signal received, therefore our composite received signal is composed of the 

first signal, the second signal and the thermal noise. Now, detecting the first signal can be still be done 

using the matched filter but with more errors because we have thermal noise and the second signal is an 

additional noise (interference). To optimize reception (reduce errors), we may detect the second one 

first, this will be an estimation of this second signal with possible errors, subtract it from the composite 

signal so we end up -roughly- with one signal plus the thermal noise. Now apply detection as before to 

get the first signal with less errors -roughly- same as if it is received alone (with thermal noise only). this 

process of successive detection, subtraction, detection n,...etc needs signal processing. This signal 

processing can be more refined (adaptively) to improve reception again, for example, we can use signal 

1 obtained lastly (with less errors), subtract it from received composite signal and detect signal 2 again 

to get a second improved version of it. If you have more signals, the process becomes more complicated 

as we have to do multiple subtractions and detections. 

The processing in MUD need not be a successive detect and subtract process (called Successive 

Interference Canceller-SIC) and there are algorithms of MUD in which the optimized signals can be 

detected in few stages. e.g. we can detect them all together (N signals in one time). The detected signals 

are considered as estimate signals, now if we are interested in one signal in particular, the remaining N-

1 estimated signals can be used to refine the estimate of this particular one (subtract the N-1 and detect 

again). The idea of minimum square error is used in such processing. This is sometimes called Parallel 

Interference canceller-PIC. MUD can be optimum detection, in which the detection results in zero errors 

(in the absence of thermal noise) or sub-optimum, which can not guarantee zero errors even in the 

absence of thermal noise. Of course, sub-optimum MUD processing is less complex.  

 

CDMA is implemented using biphase modulation of an RF carrier sinewave. To produce the CDMA 

spread-spectrum waveform, the sinusoidal carrer is multiplied by a baseband chipping code that is a 

pseudorandom sequence of +1 or -1 pulses of equal width. Thus the signal structure looks like randon-

noise BPSK modulation of an RF carrier. 

The composite output signal produced by a CDMA transmitter is the superposition of the CDMA spread-

spectrum waveform and the data signal modulation that would/could be applied to a non-CDMA 

transmitter. Think of the process as a modulation of an RF sinewave by both a CDMA chipping code and 
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a data signal. The order of this modulation is theoreticall unimportant (at the transmitter) but designers 

usually choose one order over the other for practical reasons. 

At the receiver, the signal must be despread by frequency conversion (sometimes down to baseband) 

and then be cross-correlated with a replica spreading code stored in the receiver. The receiver must 

have a stored replica code for every CDMA transmitter it wishes to receive (multiple access). After cross-

correlation, the remaining signal is preserved and demodulated as though spread spectrum never 

occured. 

Multiple access is accomplished by using as set of orthogonal or pseudo-orthogonal chipping codes with 

good autocorrelation properties and low cross-correlation sidelobes. Popular choices are pseudorandom 

binary sequences such as Gold Codes or Maximal-Length Codes. For security purposes, spreading codes 

can be encrypted in ways that preserve their auto- and cross-correlation properties. 

Time Hopping Impulse Radio 

When the desired spreading bandwidth W is on the order of 500 MHz or higher, it becomes interesting 

to spread the spectrum by transmitting short pulses whose position or amplitude contains the desired 

information. This method, often called impulse radio allows the use of simple transmitters and 

receivers. It is mostly used for ultra wideband communications systems. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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