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ABSTRACT

This thesis propose to use phased chirp modulation technique uses in spread spectrum
system that provide an alternative multiple access to direct sequence spread spectrum and
frequency hopping spread spectrum. This technique is the research for 4G wireless applications
that expectation of both data rate and support user increase by spreads the modulated signal with
difference chirp rates and phases. This method successfully to demonstrate and increasing the
performance due to the decrease number of multiple access interference, fluctuation by Doppler
effect and error at the receiver by frequency selective fading by chirp signals.

This paper compared the bit error rate and user capacity of PCMSS (Phase Chirp
Modulation Spread Spectrum), CMSS (Chirp Modulation Spread Spectrum) and DSSS (Direct
Sequence Spread Spectrum) systems over fading channel and Doppler environment based on
signal processing. The correlation receiver structure, the coherence time is used in the order to the

bit duration.
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2.5.1.2 FayqnauerliBugady
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o= M (Linear sweep) (2.28)
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da o’ o lcgJ W y w o 1 v w do o
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B b Bl (2.29)
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(2.34)

(2.35)

(2.36)

2.37)

(2.38)

(2.39)

[] 4 4 =Y 4 . 1 o o o
dauduiiisiaulafie wansutlasysies (Fourier Transform) waganunuuiumlaaiuiiag

(Power Spectrum Density) Mﬂdﬁ'ﬂgm“‘lml‘nﬁ‘gﬂ [20,21]

i~ +m:::,-2
)= 25T J(@-o)snar’]

i

dt = |C,(@)| £C,(@)

(2.40)
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e o, =2xf;

.~ a a
RTimsTanginavosviauazimavesmsulaySies (21] uaasldlag

|Ci(@)| = \/%\’Cz(u)+82(u) (2.41)

LHas

2
£Ci(0) =tan™ S(u) —-(m"+ﬂW"_w) (2.42)
C(u) 4ra;
il
u2 j£x2
Cw)+jSw)=[e 2 dx (2.43)
ul
uay

1 o +7aW—-w
u =,/2W- —_—t— |
‘ [ 2 2aW }

(2.44)
1 o+7aW,-w

Uy =20, | +—+———F1—|,

2 ’[ 2 2, }

Tavidlandu C (u) Aowwls aiualnleidufina (Fresnel Cosine Integral)
S(u) Aemlsenua lanidufinda (Fresnel Sine Integral)
damuanunuuiuaaas U8 (Power Spectral Density: PSD) fitnu ldnnuuiauniideaes

ypansuaanSios [21]

C () = %(Cz(u)+82(u)) = 4, (Cz(u)+S2(u)) (2.45)

1
Manunutualansutiaeialdannanmsnszneiawesdyaiu luunazanutuazdna
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2.6 NQUHNIVNMYUUTBIT YN
2.6.1 ¥ITYYIUTVNIUVII (AWGN)
mﬂgﬂﬁ 2.25 f"'r'tuuigm'mmuTuizuuéamﬂfuﬁaummzs’imaﬂﬁ’ﬁ‘lmmu
Foadygrnsuniuny dsfinnumuiminanansuiduuuuginesy (Uniform  Spectrum
Density) tazuau1agaiin1sunusauuind (Gaussian Distribution) Tavyn@uddaysya
SUNIUNNGUNYI (Thermal Noise) Hazdayey105unIUN19 IHH1 (Electrical Noise) fifnvn
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s(t) > > r(t)=s(t)+n(t)
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° 1 o P @ 4
Funuuiassmssameuugesdyanuiimmeduannzuindon uiioad
a o ' 1 1 ' [
Jszneudaomsiwed 2 Aumziimanumnminanuhezndudsrums

2 2

r re=a ar 4
p(r) = .O?expli— - i|fo [-——f:‘ we =0 (2.64)

g
4 o g
o I,(x) Aedlenduiueman (Bessel Function)
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2 3
an +a,n +a.n

, (3.26)
1+bn+bn°

G(m)=n+

= ' EI o
Tauft 771 ancillary variable dafianiludeauns
i
1 m
n=|ln— (3.27)

M a,,a,,a;,b wag by iumdulszaninhlfifadnnuamandoudssiganaz
° " ' 1 < o a g o
Ml G) =~ F;'(u) damar midudindsueansnnesmignuuuinnmu-ioy a1 3.

1 "3 =Y Q” 1 dvd‘ [-*} ]
uaaenamdulseansinariinaoandonunl m

! v c:; 3/ a ' '
M319N 3.1 01 a,,a,,a,,b 1Az b, NADANADINUAT M A1 [25]

m a, a, a, b, b,
0.65 -0.0828 -4.5634 -15.8819 63.1955 23.2981
0.75 -0.0547 -0.3679 -1.0336 6.2107 1.8533
0.85 -0.0336 0.1543 -0.4733 4.9250 1.2082
1.5 0.0993 0.0560 0.2565 0.5276 0.0770
2.0 0.1890 -0.0128 0.2808 -0.0809 0.0638
3.0 0.3472 -0.2145 0.2626 -0.3446 0.1690
4.0 0.4846 -0.4231 0.2642 -0.9729 0.2727
5.0 0.6023 -0.6238 0.2789 -1.1798 0.3723
6.0 0.7139 -0.8305 0.3223 <1.3232 0.4558
7.0 0.8167 -1.0244 0.3761 -1.4233 0.5192
8.0 0.9260 -1.2350 0.4557 -1.4872 0.5628
10.0 1.1088 -1.6095 0.6015 -1.6046 0.6488
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A Ty
b,(t) = Sgn L3 jx(!)cf(t)dr (4.1)
Ty o

. td o é [
luduiiszuaasmaveanissineszuy dauTUsunsy MATLAB - 49a15197 4.1
Smuamimesueens sassszuuneldinasgvesmsdens molugadi 4 uaz n1s

o = o o P
Snuansiees lumssiaoaszuuluns1an 4.2 [2-7]

M5197 4.1 W5 mesnldianaszu [2-7)
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P99 NUANIVDITA 0.2 us
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smandasoniiedldan 10" bits
gns1vu1emIlizuIumg 3dB

RN 10 Mbps
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4.1 pavnmsasumlassiugléanulussuy

(Variable Number of User Parameter: M)

a a gq 3 o &4 4 o 3q ¥
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DSSS 8 4 8 1.82
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Average System BER

Average User SNR [dB]
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Average System BER

Average User SNR [dB]
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4.2 wasnmsdeundasdsnsnussu

(Variable Chirp Rate Parameter)
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Multiple Access with Chirp Modulation Spread
Spectrum Technique for 4G Wireless Applications
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Absiract- Phased chirp moduladon rechuique is the research for
4G wireless applications that expectation of both dara rare and
support user increase by spreads the modulated signal wirh
difference chirp rates and phases. This technique is spreads the
modulate signal with different chirp rares and phases. The method
successfully fo demonstrate and increasing the performance due to
the decrease number of multiple access interference, fluctuarion by
Doppler Effect and exvor at the receiver by frequency selective
fading by chirp signals. This paper compared the bit error rate
over fading channel and Doppler environment based on signal
processing. The correlation receiver structure, the coherence rime
is used in the ovder to the bit duration.

1. INTRODUCTION

One most important objectives of the 4G wireless sysrems are 10
take care of the severe inter symbol mterference (I5I) resulting
from the high data rates. and to utilize the avalable lumted
bandwidth in a spectrally efficient manner. To achieve these
objectives. there are two principle contending technologies, viz.,
Orthogonal Frequency Division Muluplexing (OFDM) and
Code Division Muluple Access (CDMA). CDMA 15 a well-
known standard and has been used for several years. However,
OFDM and multi-carrier (MC) technique, 15 relarvely new.
OFDM 15 represented as the successor to frequency hopping and
direct sequence CDMA. It is also posinoned as the technique of
choice for next generation wireless LANs and metropolitan
nerworks. Furure of 4G wireless systems, based on the
combmation of multi-carrier (OFDM) and spread spectrum
(CDMA) technologies, popularly known as OFDM-CDMA (or
MC-CDMA), applied to a wide-area environment, can achieve
very large average user throughputs. [1]

The four basic of spread spectrum techniques known as direct
sequence spread spectrum (DSSS), frequency hopping spread
spectrum (FHSS), time hopping spread spectrum (THSS) and
chirp spread spectnun.[2]

The chirp signals 15 used for multi-user communication have
the same power and bandwidth.[2] Closed form and
approximate analynical expressed for the multiple access
interference (MAI) and bit error rate (BER) of this novel chup
modulation spread spectrum techmque (CMSS) propose in [3).
Chirp technique has many desirable properties and used in many
applications such as sonar and radar communications. Chirp can
provide more accurate range and Doppler resolution estunates
than other pulses. This technique can be resist jammmg.

bandwidrh-efficient. no need synchromzation. have more
negative cross correlation properties as compared with sinusoids
signal and an inherent immunity against Doppler and flar fading.
In wireless communication, when mobile tenminal 1s moved at
the high speed. the received signal had been more fluctuation by
Doppler and detection error at the receiver by frequency
selective fading. This paper is studies the importance parameter
of phase chirp modulation spread spectrum techmque for 4G
wireless application to solve problem case frequency selective
fading. By compare between CMSS, DSSS and Phase chirp
modulation over AWGN channel, the number of user 1s
investigated, and BER of phase chirp technique over fading
channel model and Doppler environment 1s compared.

II. MODULATION SPREAD SPECTRUM SYSTEMS

A, Chirp Modulation Spread Specorum

Figure 1, shows the diagram of CMSS. [2] Each user
amplifies its transmitted bit §(?) e{-L+1|0Sr< T} to the
desired transmit power F.7=12.M and T, denotes the bit
duration. The limitation m case of all users transmut at the same
power £, = P2¥i. This system used is binary data transnussion
and easily o exrend for higher order symbol transmission.
Spreading and up conversion to carrier frequency f. 15
achieved by multiplication with one of the chirp signals. The
transnut signal as follow.

5 (N =8 () )

Each user i 1s assigned a distinct chirp signal ¢;(¢r) from the
set of spreading signals
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Fizure |. Churp hodulanon Spread spectrum

with data sequence 5(r) { -1 ]lO”!MT] modulates a
linear churp signal ¢, (1) of energy E, centered at some given
carrier frequency fl. T, denotes the symbol ciurauon
af a;” =M 1s the indnadual chirp rates and &, E’“ M the
initial phases respectively. The bandwidth of svstem as follow.

e =(af +a,b)ij- (3)

B.  Phase Chirp Modularion Spread Speciion

Phase chirp modulation spread spectrum (PCMSS) used for
mulriple access channel (MAC). The system model is shown
figure 2.

Figure 2. Phase Churp Medulaticn Spread specirum
Each }f user assigned a distinct chirp signal ¢;(r) from the
set of spreading signals as follow.
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Where 87 €R" i the chirp rate and & SN 15 the phase of
the spreading signals. Linear chirps can guarantees that all users
occupy equal bandwidth. AT and the phase parameter é 15
Iugh effect to the system performance. All user chirp signals
have equal bandwidth as follow,

Az
B= 3
T !

Chirp rare parameter depends on the given bandwydth and the
desired number of users is given by Aw =2BT, /M . Phase

88

parameter & 15 calculated by nunimize of all cross-correlauon
coefficients. For A& 2 1. usually vield a pseudo random (PN)
set of spreading codes. Far A& <1, the linear chirps would be
the densely spaced in joint time-frequency domain. Thus, a
pseudo random (PN) codes can not be obtamed in thus case
and the system would suffer from multiple access mrerference.
Time-bandwidth product normalized to number of user or
simply the normalized time-bandwidth product may serve as a
usefill measure to compare and evalvate system efficiency.

I.B
el i &
= M i

BER of systems based on the PCMSS and CMSS techmique 15
given by [4]

1M f .
BER = _.3.-1._.@ 1- "'b(r)pﬁ )
{512 h

Q) = J..wjn(\) (8)

Where 3; -{b,-(r)e{—l:+i}|; =12 .M patl L subsequently
over all receiver 1=12...M givesa neueml expression for the
probability of bit error rare. The problem 1s minimizing the BER
from (7) over the ser of cross-correlation coefficients py1= g

Observing that the error probability function Q(x) 1s strict
bound of monotomcally decreasing function bounded by
O()=1 for x>—t and Q)0 for x—x Ths 15
equivalent to maxinlzing its argument x

In this system the A/ user channels are parallel-sloped slices
of bandwidth in the joint time-frequency domain. In this aspect.
it is comparable to time division multiple access (TDMA). m
which the channels are parallel slices orthogonal to the time axis
and frequency division mulriple access (FDMA). i which the
chanuels are parallel slices orthogonal to the frequency axis.

Each user’s spread signal 5,(7) transmuts through a channel
which has fading. Moreover, the fading affects only the
amplitude. In case channel coherence time T, is larger than the
symbol duration 7; . Assume that the channel delay and
synchronized at the receiver 1s neglect.

The additive white Gaussian noise channel under
consideration adds a realization of a zero mean white Gaussian
noise process with variance Ng/2to the sum of tramsmirted
signals.

M
=3 s(n=nlr) (9

i=l

For simplicity, artenuation and ume delay commonly caused
by transmussion channels are neglected here.



In particular, each receiver multiplies the received signal with
its coherent. locally generated replica of the spreading signal of
it energy and integrates this product over one symbol nterval
to obtamn the decision variable. A threshold derector estimates
the data symbol sent simply by detecting the sign of the decision
variable. .

For each user's recetver 1s laid out as comrelation recerver.
The cross-correlation coefficient computes benvesn the recerved
signals +(;) and the coherent spreading code in discrete nme.
The user's spreading chirp ¢;(r) over each bir mrenal A
threshold detector then esumates the transmitted data bit 15
estimated by deciding about the sign of the cross-correlaton
coefficient. Each user's receiver has a coherent copy of the
spreading signal ¢;(7) wiich can be obtained through
synchronizanon. Comparing the estimared data bit sequence
with the transmiitted sequence determunes the number of bit
error. The average system BER 1s then obtained by averaging
the number of bit errors over the number of bits sent per user
and the number of user. Tt will only work successtul if coherent
derection is possible. This requirement 1s satisfied since fading
channel does not distort the phase.

III. SDMULATION RESULTS

To simulate bit error rate performance of Phased chup
modulation spread spectrum over fading channel and Doppler
environment, we implemented an eqmvalent discrete-tune
baseband model and separating the chip signals into wphase
and quadrature components. In our system model. the
ransmirter uses the equivalent baseband chirp codes to spread
the binary phase shuft keying (BPSK) dara sequence. A binary
random number generator creates independent data bit
sequences for the users. where Os and ls occur with equal
probability. Notice rthat we use a rectangular pulse shape
although raise cosine or other pulse shaping techniques may be
applied advantageously. The system specifications are shown
Table 1.

I this paper. the performance compared of the new PCMSS.
CMSS modulation schemes and DSSS considering five different
channels: AWGN, Rayleigh fading, Nakagami fading. Rician
fading and Doppler environment. For our simulations. we
transmitted 5000 birs of information per user and performed
simmlations to obtain measurements of bit error rate (BER)
versus SNR per bit. We assumed perfect power control. and no
coding or diversity techniques were used. Also, the chammel
state mformation is assumed known, and we employed coherent
detectors. We used a normalize time-bandwidth product 1B as
expected. performance increases with IB as the cross-
correlation coefficient of chirp signals depends on 5.

We demonstrate first the improved performance of the new
technique for an AWGN channel with Doppler environment.
Figure. 3 indicates that the PCMSS performance 15 at least 2dB
higher than the corresponding PCMSS performance and more
over when compare with DSSS. In addinion, our system suffers
from less MAT than the DSSS.

For Figure. 4 demonstrates the perfonmance of both the
PCMSS and CMSS signaling schemes for an AWGN channel
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ath the same number of users are 8. Increasing of the clurp rate
will be increase the systems performance. For a grven
performance level, more chirp rate can be expected for the
PCMSS as compared o the CMSS.

Figure. 5 shows the performance when phase are changed. the
performance increases when decrease the phase paramerer. The
phase parameter can easily be deternuned by one-dimensional
optimization of the BER given in (7). Obviounsly. the
dependency of Py has been reduced to chirp rate and phase.

TABLEI
SYSTEM SPECIFICATIONS
Chamiel Bandwidrth 20MHz
Frequency 5GHz
Data Sequence BPSK
Symbel Duration 0.2 ps
Mobile Speed 100 kin per hour
Bit per Data Point 5000 bits
TABLEIL
PARAMETER FOR StMULATION INFIGU2E.3
System M IB Ad g
CMSS | 8.16,32 4 8 1.82
PCMSS | 8.16.32 4 8 182

Average Syshen BER
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Figure 6 demonstrates the number of user performance
comparnison over ravleigh fading channels. For Figure. 7 shows
the BER performance versus number of user over ravleigh
fading channels in Doppler Environment. In the case of Doppler
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frequency increased. PCMSS system shows the low BER
Therefore, m Doppler environment. we can decrease MAI i a
PCMSS system by using chirp signals.

IV. CONCLUSION

In this paper, the phase chup modulation spread spectrum
rechnique for efficient and flexible multiple access was
developed. This technique is the research for 4G wireless
applications that expectation of both data rate and support user
increase by spreads the modulated signal with difference churp
rates and phases. It is resist the fluctuation by Doppler effect
and error at the receiver from frequency selective fading. Each
user emplovs a distmet chip signal for spreading and
despreading of data bit sequence. The spreading chirp signal
equally occupy the same bandwidth and therefore offer inherent
protection agamnst flat fading and reduces mulple access
interference. By compare between CMSS, DSSS and Phase
chirp modulation over AWGN channel for the number of user 15
investigated. BER of phase chirp techmgque over fading channel
and Doppler environment 15 compared.  We successful
demonstrated with simulations that the PCMSS scheme can
dscrease the impact of Doppler environment. All the results
concluded that the PCMSS gives the betrer performance than
the traditional CMSS in this sysrem environment.
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