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Spread Spectrum

Input is fed into a channel encoder
o0 Producesnalogsignalwith narrowbandwidth

Signal is further modulated using sequence of digits
0 Spreadingodeor spreadingsequence
0 Generatedy pseudonoiseyr pseudo-randomumbergenerator

Effect of modulation is to increase bandwidth of signal to be
transmitted

On receliving end, digit sequence is used to demodulate the
spread spectrum signal

Signal is fed into a channel decoder to recover data
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Figure 7.1 General Model of Spread Spectrum Digital Communication System
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Spread Spectrum

I 'What can be gained from apparent waste of spectrun

o Immunity from various kinds of noise and multipath
distortion

o Can be used for hiding and encrypting signals

0 Several users can independently use the same higher
bandwidth with very little interference
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Frequency Hoping Spread Spectrum
(FHSS)

| Signal is broadcast over seemingly random series of radio
frequencies
o0 A numberof channelsallocatedfor the FH signal
o Width of eachchannelcorresponds$o bandwidthof input signal

I Signal hops from frequency to frequency at fixed intervals
o Transmitteroperatesn onechanneltatime

0 Bits aretransmittedusingsomeencodingscheme
0 At eachsuccessivanterval,anewcarrierfrequencys selected
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Frequency Hoping Spread Spectrum

I Channel sequence dictated by spreading code
I Recelver, hopping between frequencies in synchronization wit
transmitter, picks up message

I Advantages
o0 Eavesdropperisearonly unintelligibleblips

0 Attemptsto jam signalon onefrequencysucceeanly at knockingouta
few bits
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Figure 7.2 Frequency Hopping Example
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FHSS Using MFSK

I MFSK signal is translated to a new frequency everseconds
by modulating the MFSK signal with the FHSS carrier signal

| For data rate oR:
o duration of a bitT = 1/R seconds
0 durationof signalelementT = LT seconds
I T.! T, -slow-frequency-hop spreapectrum
o0 Cheapeto implementbutlessprotectionagainsinoise/jamming
o Populartechnigueor wirelessLANS
I T.<T,- fast-frequency-hop spreagectrum
0 More expensivao implement,providesmoreprotectionagainst
noise/jamming
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FHSS Performance Considerations

| Large number of frequencies used

I Results in a system that is quite resistant to jamming
o Jammemust jam all frequencies

o With fixed power, this reduces the jamming power in any
one frequency band
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Direct Sequence Spread Spectrum (DSSS)

Each bit in original signal is represented by multiple bits in the
transmitted signal

Spreading code spreads signal across a wider frequency banc
0 Spreads in directproportionto numberof bits used

One technique combines digital information stream with the
spreading code bit stream using exclusive-OR
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Figure 7.6 Example of Direct Sequence Spread Spectrum



DSSS Using BPSK

I Multiply BPSK signal,
sy(t) = Ad(t) cos(2 f.t)
by c(t) [takes values +1, -1] to get
s(t) = A d(t)c(t) cos(2 ft)
¥ A =amplitudeof signal
¥ f_ = carrier frequency
¥ d(t) = discrete function [+1, -1]
| At receiver, incoming signal multiplied lft)
o0 Since,c(t) x c(t) = 1, incomingsignalis recovered
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Figure 7.7 Direct Sequence Spread Spectrum System



Code-Division Multiple Access (CDMA)

I Basic Principles of CDMA

o D = rate of data signal

o0 Break each bit int& chips
¥ Chipsareauser-specifidixed pattern

o Chip data rate of new channekB
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CDMA Example

I If k=6 and code is a sequence of 1s and -1s

o For aQbit, A sendscodeaschip pattern
¥ <cl, c2, c3, c4, c5, c6>

o For a@it, A sendscomplemenbf code
¥ <-cl, -c2, -c3, -c4, -c5, -c6>

| Receiver knows send®s code and performs electronic decode
function

S,(d)=d1! cl+d2! c2+d3! c3+d4! c4+d5! c5+d6! c6

0 <d1,d2,d3,d4,d5,d6>=receivedchip pattern
0 <cl,c2,c3,c4,c5,c6>=sendef® code
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CDMA Example

| User Acode =<1D1,8,1,81, 1>
oTosendalbit=<1,P1,P1,1, b1, 1>
oTosendaObit=<b1,1,1, b1, 1, Bl>

| UserBcode=<1, P11 8,1, 1>
oTosendalbit=<1,1,b1,b1,1,1>

| Receiver receiving with 8 code

o (AOs code) x (received chip pattern)
¥ User AQO bit: 6 -> 1
¥ User A@O bit: -6 -> 0
¥ UserB O16it: 0 -> unwantedsignalignored
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Figure 7.11 CDMA in a DSSS Environment



Cateqgories of Spreading Sequences

I Spreading Sequence Categories
0 PNsequences
o Orthogonalkodes
' For FHSS systems
0 PNsequencemostcommon
I For DSSS systems not employing CDMA
0 PNsequencemostcommon

I For DSSSCDMA systems

0 PNsequences
o Orthogonakodes
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PN Sequences

I PN generator produces periodic seguence that appears to be
random

' PN Sequences
0 Generatedby analgorithmusinginitial seed

0 Sequencésn® statisticallyrandombutwill passmanytestof
randomness

0 Sequenceeeferredto aspseudorandomumbersor pseudonoise
sequences

0 Unlessalgorithmandseedareknown,the sequences impracticalto
predict
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Important PN Properties

l Randomness

o Uniform distribution
¥ Balanceproperty
¥ Runproperty

o Independence
o Correlation property

I Unpredictability
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Linear Feedback Shift Reqister
Implementation
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Figure 7.12 Binary Linear Feedback Shift Register Sequence Generator



Properties of M-Sequences

' Property 1.
o Has2"lonesand2™1-1 zeros
' Property 2.

o Forawindow of lengthn slid alongoutputfor N (=2™1) shifts, each
n-tupleappear®nce,exceptfor theall zerossequence

' Property 3.
0 Sequenceontainsonerun of ones/engthn
0 Onerunof zerosengthn-1
o Onerunof onesandonerun of zerosJengthn-2
o Two runsof onesandtwo runsof zerosengthn-3
o 2"3runsof onesand2™3runsof zeros,Jengthl
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Properties of M-Sequences

I Property 4.
0 The periodic autocorrelation oftd m-sequence is

$ 1 "=0,N, 2N, ...
R ):fé%; otherwise
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Definitions

| Correlation

o0 Theconcepof determiningnow muchsimilarity onesetof datahas
with another

0 Rangebetweerblandl
¥ 1 Thesecondsequencenatcheghefirst sequence
¥ 0 There is no relation at all between the two sequences
¥ -1 The two sequences are mirror images
I Cross correlation

o Thecomparisorbetweenwo sequencefom differentsourcesather
thana shiftedcopyof a sequencavith itself
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Advantages of Cross Correlation

I The cross correlation between an m-sequence and noise is lo
o Thispropertyis usefulto thereceivenn filtering out noise

I The cross correlation between two different m-sequences is
low

o This propertyis usefulfor CDMA applications

o0 Enablesareceiverto discriminateamongspreadspectrunsignals
generatedy differentm-sequences
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Gold Sequences

I Gold sequences constructed by the XOR of two m-sequences
with the same clocking

I Codes have well-defined cross correlation properties

I Only simple circuitry needed to generate large number of
unique codes

I In following example (Figure 7.16a) two shift registers
generate the two m-sequences and these are then bitwise
XORed
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Gold Sequences
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(a) Shift-register implementation
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Orthogonal Codes

I Orthogonal codes
o All pairwisecrosscorrelationsarezero

o Fixed-andvariable-lengtlcodesusedin CDMA systems

o For CDMA application,eachmobileuserusesonesequencen theset
asaspreadingode

¥ Provides zero cross correlation among all users
I Types
o Walshcodes
o Variable-LengthOrthogonalkodes
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Walsh Codes

I Set of Walsh codes of lengticonsists of the n rows of
ann «n Walsh matrix:
lan Wn 0/
o W,;=(0) W2n = W '
N n 8
¥ n = dimensionof the matrix

o Everyrow is orthogonako everyotherrow andto thelogical
not of everyotherrow

0 Requiredight synchronization

¥ Cross correlation between different shifts of Walsh sequences is
not zero
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Typical Multiple Spreadin@Approach

I Spread data rate by an orthogonal code
(channelization code)

o0 Provides mutual orthogonality among all users in the same
cell

I Further spread result by a PN sequence (scrambling
code)

0 Provides mutual randomness (low cross correlation)
between users in different cells
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