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IntroductionIntroduction

•• Multiple Access TechniquesMultiple Access Techniques
–– FDMA:    AMPSFDMA:    AMPS
–– TDMA:    ISTDMA:    IS--5454
–– CDMA:    ISCDMA:    IS--9595
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IntroductionIntroduction
•• Spread Spectrum TechniquesSpread Spectrum Techniques

–– Frequency Hopping S.S.Frequency Hopping S.S.
–– Direct Sequence S.S. Direct Sequence S.S. 

•• Advantages using PN SequencesAdvantages using PN Sequences
–– Antijamming: Antijamming: J/S=(BW/RJ/S=(BW/Rbb)/(E)/(Ebb/N/N00))
–– Multipath Protection: Multipath Protection: throughout BWthroughout BW
–– Multiple Access: Multiple Access: OrthogonalityOrthogonality
–– Message Privacy: Message Privacy: PseudorandomPseudorandom
–– Selective CallingSelective Calling
–– IdentificationIdentification
–– NavigationNavigation
–– Low Radiated Flux DensityLow Radiated Flux Density
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Theory of PN SequencesTheory of PN Sequences

•• Applications in ISApplications in IS--95 system95 system
–– Data ScramblingData Scrambling
–– SpreadSpread--spectrum Modulationspectrum Modulation

•• NecessitiesNecessities
–– Sufficient RandomnessSufficient Randomness
–– Changing BackChanging Back
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Theory of PN SequencesTheory of PN Sequences

•• Generation of PN SequencesGeneration of PN Sequences
–– Linear Feedback Shift Register (LFSR)Linear Feedback Shift Register (LFSR)

•• N stagesN stages
•• Period: 2Period: 2nn--11
•• Maximal length sequence: Maximal length sequence: 

0 0 01 0

⊕

Clock 
Pulses

Modulo-2 
Adder

Output

0000101011101100011111001101001



Dec 6, 2000 EE 521 Dept. of ECprE
IOWA STATE UNIVERSITY

7

Theory of PN SequencesTheory of PN Sequences

•• Pseudonoise SequencesPseudonoise Sequences
–– Balance PropertyBalance Property

•• Number of 1s differs from the number Number of 1s differs from the number 
of 0s by at most 1of 0s by at most 1

–– Run PropertyRun Property
•• 22nn--1 1 runs of consecutive 1s or 0sruns of consecutive 1s or 0s

–– Correlation PropertyCorrelation Property
•• Scaled Autocorrelation: 1Scaled Autocorrelation: 1
•• Scaled CrossScaled Cross--correlation: 0correlation: 0
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Theory of PN SequencesTheory of PN Sequences

0000101011101100011111001100100001010111011000111110011001
•• Balance: 15 0s ; 16 1sBalance: 15 0s ; 16 1s
•• Run: 2 runs of length 3; 4 runs of Run: 2 runs of length 3; 4 runs of 

length 2; etc.length 2; etc.
•• Correlation: Correlation: 

–– Auto ~ 1=31/31 Auto ~ 1=31/31 
–– Cross ~ 0Cross ~ 0≈≈--1/311/31
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Theory of PN SequencesTheory of PN Sequences

•• Mathematical BackgroundMathematical Background
–– Finite FieldsFinite Fields

•• A finite set of elements with two operations: A finite set of elements with two operations: 
additionaddition andand multiplicationmultiplication

•• Galois Field of q: Galois Field of q: a finite field of element qa finite field of element q

–– Example: GF(2)={0,1}Example: GF(2)={0,1}

001111

110000

1100⊕⊕

110011

000000

1100••

Addition Multiplication
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Theory of PN SequencesTheory of PN Sequences

•• Extension Galois FieldsExtension Galois Fields
–– GF(q)=GF(pGF(q)=GF(pmm): P ~ prime; m ~ any integer): P ~ prime; m ~ any integer
–– GF(p): prime fieldGF(p): prime field

•• Primitive PolynomialsPrimitive Polynomials
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Theory of PN SequencesTheory of PN Sequences

•• MultiplicationMultiplication

•• AdditionAddition
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Theory of PN SequencesTheory of PN Sequences

•• An example of GF(2An example of GF(233)=GF(8) )=GF(8) 
generated from  generated from  11)( 2332 +=++= ααxxxf

1   1   01   1   0αααααααα22 ++αααααααααααααααα 66==
0   1   10   1   1αααααααα +1+1αααααααα 55==
1   1   11   1   1αααααααα22 ++αααααααα +1+1αααααααα 44==
1   0   11   0   1αααααααα22 +1+1αααααααα 33==
0   1   00   1   0αααααααααααααααα 22==
0   0   10   0   111αααααααα 11==
0   0   00   0   0000=0=

Sequence over GF(2)Sequence over GF(2)Polynomials over GF(2)Polynomials over GF(2)0 and Powers of 0 and Powers of αααααααα
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Theory of PN SequencesTheory of PN Sequences

•• Mechanization of LFSR for Mechanization of LFSR for 
Binary Primitive PolynomialsBinary Primitive Polynomials
–– Simple Shift Register GeneratorSimple Shift Register Generator
–– Modular Shift Register GeneratorModular Shift Register Generator

Clock 
Pulses

R1

c1

R2

c2

⊕ ⊕

Rn

SSRGSSRG
Clock 
Pulses

R1

c1

R2

c2

Rn⊕ ⊕

MSRGMSRG
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Application of PN Application of PN 
Sequence in ISSequence in IS--9595

•• Overview of ISOverview of IS--95 System95 System
–– Forward Link Forward Link 

•• Pilot ChannelPilot Channel
•• Synchronization ChannelSynchronization Channel
•• Paging ChannelsPaging Channels
•• Traffic ChannelsTraffic Channels

–– Reverse LinkReverse Link
•• Access ChannelAccess Channel
•• Traffic ChannelTraffic Channel
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Application of PN Application of PN 
Sequence in ISSequence in IS--9595

•• Role of PN Sequences in ISRole of PN Sequences in IS--9595

Multiple Multiple 
accessaccess

Multiple Multiple 
accessaccess

Short PNShort PN
n=15n=15

N/AN/AScrambles Scrambles 
user datauser data

Long PNLong PN
n=42n=42

Reverse Reverse 
LinkLink

Forward Forward 
LinkLink
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Simulation of PN Simulation of PN 
SequencesSequences

Long Code Seed

Modulo-2 addition
n

1 2 3 4 N

OUTPUT

….
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Simulation of PN Simulation of PN 
SequencesSequences

Start

iInput initial status of LFSR

Input Polynomial Parameters

The output bit is the modulo-
2 addition of all the bits in the 
registers of the generator.

Shift the bits circularly to get 

the next state

Output the sequence formed 
by the output bits at every 
state of the registers.

End
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SummarySummary

•• DSSS is the core of CDMA DSSS is the core of CDMA 
techniquestechniques

•• PN sequence is crucial to DSSSPN sequence is crucial to DSSS
•• PN sequence realizes PN sequence realizes 

–– Multiple AccessMultiple Access
–– Message PrivacyMessage Privacy
–– Suitable to realSuitable to real--world world 

communication channelscommunication channels
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Future WorkFuture Work

•• Simulation of Spreading with Simulation of Spreading with 
Walsh codesWalsh codes

•• Simulation of TransmitterSimulation of Transmitter
•• Simulation of ReceiverSimulation of Receiver



Dec 6, 2000 EE 521 Dept. of ECprE
IOWA STATE UNIVERSITY

20

ReferenceReference

»»[1][1] C.Y. Samuel, C.Y. Samuel, CDMA RF System EngineeringCDMA RF System Engineering, Artech House , Artech House 
Publishers, Boston, 1998.Publishers, Boston, 1998.
»»[2][2] S.L. Jhong, S.L. Jhong, CDMA Systems Engineering HandbookCDMA Systems Engineering Handbook,  Artech House ,  Artech House 
Publishers, Boston, 1998.Publishers, Boston, 1998.
»»[3][3] CDMA Development Group, CDMA Development Group, ““cdmaOne,cdmaOne,”” Available HTTP: Available HTTP: 
http://www.cdg.org/frame_cdma1.htmlhttp://www.cdg.org/frame_cdma1.html, Nov. 2000., Nov. 2000.
»»[4][4] CDMA Development Group, CDMA Development Group, ““CDMA Development Group White Paper: CDMA Development Group White Paper: 
Third Generation Systems,Third Generation Systems,”” Available HTTP: Available HTTP: 
http://www.cdg.org/frame_cdma1.htmlhttp://www.cdg.org/frame_cdma1.html: 3G/Internet & IS: 3G Pavilion: Detailed : 3G/Internet & IS: 3G Pavilion: Detailed 
Information, Nov. 1998.Information, Nov. 1998.
»»[5][5] V. Garg and J. Wilkes, V. Garg and J. Wilkes, Wireless and Personal Communications Wireless and Personal Communications 
SystemsSystems, Prentice Hall, Upper Saddle River, NJ, 1996., Prentice Hall, Upper Saddle River, NJ, 1996.



Dec 6, 2000 EE 521 Dept. of ECprE
IOWA STATE UNIVERSITY

21

Got A Question???Got A Question???


