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ABSTRACT

A New Hybrid Acquisition Scheme for CDMA
Systems Employing Short Concatenated Codes

Vijay Doradla

With the rapid growth of Personal Wireless Communications in our times and
the important role being played by Code Division Multiple Access (CDMA) in the
realization of the goals of second generation wireless systems, there is an ever in-
creasing need for the development of better acquisitions techniques along with the
study of a variety of techniques. Noting the important role of synchronization in
CDMA systems, active research is being carried out to develop synchronization (ac-

quisition+tracking) schemes that suit particular applications.

In the first part of this thesis we propose a New Hybrid Acquisition Scheme
for CDMA systems employing Short Concatenated Codes. A new coding scheme
using short concatenated codes is presented along with a detailed description of a
new hybrid acquisition scheme. Simulation studies of the scheme are performed in

a multiple access and additive white gaussian noise environment.

In the second part of the thesis, a Simplified Analytical Model of the scheme is
developed using the state transition flow diagram approach and standard signal flow
graph reduction techniques. Expressions for the mean and variance of the acquisition
along with the probability of detection are developed. Finally the simplified model
is studied in a Rayleigh fading channel.
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Chapter 1

Introduction

In the following chapter, a brief introduction to the Spread Spectrum Systems— the
Direct Sequence, Frequency Hopping, Time Hopping, Chirp will be presented. This
will be followed by a brief summary of the layout of this thesis.

1.1 Spread Spectrum Communications

Spread Spectrum Communications is a modulation and demodulation technique in
which the transmission bandwidth employed is much greater than the minimum
bandwidth required to transmit the digital information. A number of modulation
techniques use a transmission bandwidth much larger than the minimum required
for data transmission, but are not spread spectrurn modulations. To be classified as

a spread spectrum system, the modem must have the following characteristics.

1. Bandwidth occupancy by the transmitted signal must be much larger than the

information bit rate.

2. Demodulation must be accomplished in part by correlation of the received
signal with a replica of the signal used in the transmitter to despread the

information signal.



3. The codes used for spreading the signal must be maximal length sequences,

which are a type of pseudo noise codes (PN sequences).

Some of the salient features of spread spectrum techniques are

e Interference rejection capability.

e Multiple access.

e Improved spectral efficiency.
Spread spectrum techniques may be broadly classified as

1. Direct Sequence (DS)

2. Frequency Hopping (FH)

3. Time Hopping (TH)

4. Chirp

. Hybrid Systems (which combine two or more of the above techniques)

w

1.2 Direct Sequence Systems (DS)

Bandwidth spreading by direct modulation of a data modulated carrier by a wide-
band spreading signal or code is called Direct Sequence (DS) spread spectrum. The
wideband spreading signal or code is a baseband pulse (of normalized amplitudes of
+1 or -1), representing pseudorandom sequences generated by pseudorandom code
generators (see chapt 3). Pseudorandom sequences are long binary sequences (of
ones and zeros) at bit rates much higher than the bit rate of the information se-
quence. Figure 1.1 (page 6), shows a DS system with binary phase modulation. The
processing gain of the DS system (processing gain is the performance improvement

achieved through use of spread spectrum techniques over techniques without spread

2



spectrum) is equal to the number of chips (pulses of code sequence) in a symbol
interval

T,
Gy ==

where T, and T, are the data symbol period and chip period respectively.

1.3 Frequence Hopping Systems (FH)

In this technique the spectrum of the data modulated carrier is widened by changing
the frequency of the carrier periodically. Typically, each carrier frequency is chosen
from a set of frequencies which are spaced approximately the width of the data
modulation bandwith apart. The spreading code in this case does not directly
modulate the data-modulated carrier but is instead used to control the sequence
of carrier frequencies. In the receiver, the frequency hopping is removed by down
converting (mixing) with a local oscillator signal which hops synchronously with the
received signal, as illustrated in Figure 1.2 (page 7)

Frequence hopping may be classified as fast or slow depending upon whether
the hop frequency band changes many times per symbol (FFH) or the hop frequency
band changes more slowly than the symbols coming out of the data modulator.

The processing gain in a frequency hopping spread spectrum system is equal to

=W,

where W, is the total FH band and Wj is the data bandwidth.

Gp

1.4 Time Hopping Systems (TH)

In this technique, the code sequence is used to key the transmitter on and off. The
transmitter on and off times are therefore pseudorandom. Time hopping Figure
1.3 (page 8) may be used to aid in reducing interference between systems in time-

division multiple access where stringent timing requirements must be placed on the

3



overall system to ensure minimum overlap between transmitters. One of the primary
advantages offered by this type of spread spectrum communications in interference
rejection is the reduced duty cycle; i.e., an interfering transmitter to be really ef-
fective would be forced to transmit continuously. Thus the power required by a
reduced duty cycle time hopper would be less than that of the interfering trans-
mitter by a factor equal to the signal duty cycle. Time hopping systems are very
useful for Ranging, multiple access because of the relative simplicity of generating

the transmitted signal.

1.5 Chirp Systems

This technique is one of the only types of spread spectrum modulation that does
not necessarily employ coding but does use a wider bandwidth than the minimum
required, so that it can realize the processing gain. This form of spread spectrum
has found its main application in radar and is also applied in communications.
Chirp transmissions are characterized by pulsed RF signals whose frequency varies
in some known way during each pulse period. The advantage of these transmissions
for radar is that significant power reduction is possible. The receiver used for chirp
signals is a matched filter, matched to the angular rate of change of the transmitted

frequency-swept signal.

1.6 Code Division Multiple Access (CDMA)

The inherent interference rejection capability, high spectral efficiency and multiple
access capability of spread spectrum systems eventually lead to the development of
CDMA. Code Division Multiple Access (or Spread Spectrum Multiple Access) is a
new and promising multiple access system for the Second Generation Wireless com-

munication era. In a CDMA system, all users transmit data on the same bandwith.



Each user is assigned a unique spreading sequence (signature sequence) s (t).

Some major attributes of DS/CDMA are

1.

Universal frequency reuse.
Fast and accurate power control.

Constructive combining of multipath propogated components by means of a

RAKE receiver.

. Soft handoff between contiguous-cell base stations using the same RAKE re-

ceiver.
Autonomous capacity increase for variable rate speech or data transmission.

Natural and seamless exploitation of sectored antennas and adaptive beam-

forming.

Capacity increase with forward error-correcting (FEC) coding without over-

head penalty.

Some of the important components of the DS/CDMA system are

e System Features:

— Frequency assignment.
— System Pilot Acquisition.
— Mobile station assisted soft handoff.

— Variable data rate Vocoder.

e Link waveform:

— Forward Link Waveform.

— Reverse Link Waveform.



e Network and Control:

— CDMA Power Control.
— The Sync Channel.

— Framing and Signaling.
— Service Options.

— Authentication, Encryption and Privacy.
e System Functional Description:

— MTSO Functions.
~ CDMA Equipment Design.
— Dual Mode Mobile Station/Portable.

There are a number of references in literature about this new and promising tech-

nology. A few are listed in the bibliography [1] -[7].

1.7 Thesis Outline

The information and work presented in this thesis is organized as follows:

Chapter 2 recounts some of the acquisition schemes used for PN synchroniza-
tion. A detailed discussion of the Single Dwell serial search scheme is presented and
brief discussions of the Multiple Dwell; PN search procedures for Non Uniformly
Distributed signal location; and the Sequential Detection technique are presented.

Chapter 3 begins with an introduction to Maximal Pseudonoise sequences and
Gold Codes. This is followed by a detailed presentation of the New Hybrid Acqui-
sition Scheme for CDMA systems. In the end Simulation results of the scheme are
presented.

In Chapter 4 we present a Simplified Analytical Model of the proposed acqui-

sition scheme. Expressions for Mean and Variance of the acquisition time for this

6



simplified model are derived. Finally this Simplified Model is studied in a Rayleigh

Fading environment.

Chapter 5 summarizes the work done as part of this thesis and sums up with

certain conclusions.
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Chapter 2

Pseudorandom Code Acquisition
in Direct Sequence Spread

Spectrum Systems

This chapter begins with an introduction to the different types of Detectors for the
purpose of acquisition and the various acquisition schemes present in the literature.
A detailed description of the Single Dwell Serial Search will be developed using the
Markov Chain Acquisition Model. The Acquisition Time Performance of the single
dwell search scheme will be discussed. This is followed by a brief look at the various
other search schemes, the Multiple Dwell Serial Search— as an extension of the
single dwell search scheme, PN synchronization search procedures for a Non Uni-
formly Distributed signal location, and finally PN synchronization using Sequential
Detection. A number of papers were consulted during the course of this work, a few

relevant papers are [8] -[17].
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2.1 Introduction

The primary function of a direct sequence (DS) spread spectrum receiver is to de-
spread the received pseudonoise (PN) code. The process involves generating a local
replica of the PN code in the receiver and then synchronizing this local PN signal
to the received one. The process of synchronizing the local and received PN signals
is accomplished in two stages. Initially, a coarse alignment of the two PN signals
is produced to within a small residual relative timing offset. This process of bring-
ing the two codes into coarse alignment is referred to as PN Acquisition. Once the
incoming PN code has been acquired, a fine synchronization system takes over and
continuously maintains the best possible waveform alignment by means of a closed
loop operation. The process of maintaining the two codes in fine synchronism is

referred to as PN Tracking.

2.2 Historical Perspective

2.2.1 Classification of Detectors for PN code Acquisition

The common denominator among almost all methods in the literature discussing PN
acquisition techniques is that the received and local PN signals are first multiplied
and integrated to produce a measure of correlation between the two. This correlation
measure is then processed by a suitable detector/decision rule and search strategy
to decide whether the two codes are in synchronism and what to do if they ary not.

The differences between the various schemes depends on

1. The type of detector (and the decision strategy) used.

2. The nature of the search algorithm that acts on the detector outputs to reach

the final verdict.

12



The broadest categorization of detectors in any PN acquisition system is Co-
herent and Non-Coherent. By far the most common found in acquisition systems
for DS/SS receivers is the non coherent detector. The reason why the Non-Coherent
detector is most commonly found is because the despreading operation typically
takes place ahead of the carrier synchronization function. Another convenient clas-
sification of detectors for PN acquisition schemes is depending upon whether they
are the fized or variable integration time type. Within the category of fized integra-
tion time detectors, one can further subdivide them into single dwell types [18], [19]
and multiple dwell types [20] depending, respectively, upon whether the detector’s
decision is made on the basis of a single (suitably processed) fixed time observation
of received signal plus noise or many such observations (not necessarily independent
of one another). Depending upon the duration of the observation, or equivalently,
the time alloted to make a decision, relative to the PN code period, single dwell time
detectors can be further differentiated according to whether they utilize partial or
full period code correlation. The multiple dwell detectors differ from one another
in the way in which the additional observations are used to verify the temporary
decision made based on the first observation alone.

Since all of the detector structures of interest make decisions based on a thresh-
old comparision test of one form or another, following a threshold exceedance of the
first dwell (integration) output, the additional dwells in combination with threshold
testing are used in accordance with a specified verification algorithm, to produce
a final decision on whether the code phase position under test corresponds to true
synchronization. This verification mode of operation of the detector structure typi-
cally falls into one of two catagories. In the type of multiple dwell acquisition system
discussed by [20], a code phase position is immediately rejected or dismissed as cor-
responding to an incorrect synchronization condition as soon as any dwell output
fails to satisfy its threshold exceedance test. All other types of verification modes of

operation, often referred to as search/lock strategies [21], employ algorithms which
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require repeated threshold testing of given dwell output or use a majority logic type
of decision on the total set of multiple dwell threshold tests.

Variable integration time detectors are the types where the dwell time (which
is the time for a continuously integrated stochastic process to exceed a threshold)
is a random variable. The various PN acquisition systems that contain a variable
integration time detector typically employ the classical method of sequential detec-
tion.

The next classification of detector structures is in accordance with the rate
at which decisions are made on each code phase position under test. High decision
rate detectors, such as those used in “matched filter” PN acquisition systems, refer
to those structures that make their decisions on the out-of-sync code phase offsets
between incoming and local codes at the PN code chip rate or an integer multiple of
it. Low decision rate detectors, which employ active correlation, make these same
decisions at a rate significantly slower than the code chip rate.

For the purpose of completion of this discussion of detector types, one can
categorize them according to the criterion used for deciding between in-sync and
out of sync hypotheses, e.g., Bayes, Neyman-Person etc.

Figure 2.1 is a summary of the classification of the structure of the detectors

used for PN acquisition purposes.

2.2.2 Classification of Acquisition Schemes

Acquisition schemes are classified according to the search strategy. The simplest
of the search techniques is the “mazimum-likelihood” algorithm. The algorithm
basically requires that the input PN signal be correlated with all possible code
positions (or even fractional code positions) of the local PN code replica. The
correlations are assumed to be performed in parallel and the corresponding detector
outputs all pertain to the identical observation of received signal plus noise. The

correct PN alignment is chosen as that local code phase position which produces the
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Figure 2.1: Block Diagram of Detectors for Acquisition Purposes.
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maximum detector output. The maximum likelihood algorithm can be implemented
in a serial fashion. Here the input PN signal is serially correlated with all possible
code positions of the local PN code replica and the corresponding detector outputs
are stored. At the end of the test, the correct PN alignment is chosen as that local
code phase position which produces the maximum detector output. Such a brute
force acquisition procedure, whether implemented in parallel or serial form, has the
advantage that a definite decision will be made after only a single examination of
all code phase positions, or a single search through the entire code period. Thus,
multiple examination of each code phase position or multiple searches through the
code are avoided by this procedure. The obvious disadvantage is that a decision
cannot be reached unless every code phase position has been examined, i.e., the
entire code period has been searched. For long codes, complexity of the parallel
implementation or the time to search the entire code to reach a synchronization
decision in the serial version is often prohibitive.

Another scheme introduced by Ward [22] is based on a sequential estimation
of the shift register states of the PN generator. The RASE (Rapid Acquisition by
~ Sequential Estimation) system makes its best estimate of the first n received PN
code chips (n represents the number of stages of the code generator) and loads the
receiver sequence generator with that estimate, thus defining a particular initial
condition (starting state) from which the generator begins its operation. Since a
PN sequence has the property that the next combination of register states depends
only on the present combination of states, if indeed this present combination is
correct, all the following states can be predicted based on the knowledge of only this
initial condition. Such is the manner in which the RASE maintains synchronization
once it has been determined that the n detected chips provide the correct starting
position, i.e., from that point on it no longer needs estimates of the input code chips.
Until such time, however, the local PN shift register must be periodically, at a rate

determined by an examination period generator, loaded with new estimates where
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Figure 2.2: A rapid acquisition by sequential estimation (RASE) technique.

the decision when to stop the reload procedure is based upon a threshold crossing
of an in-lock detector. The test-statistic upon which this in-lock detector makes its
decision is the cross-correlation of the input code with that produced by the local
PN generator whose shift register contents correspond to the present estimate of
the input state. Once it is determined that a correct estimate was made, the lock
detector threshold crossing inhibits further reloading of the local shift register. This
register is then closed within the tracking loop which is responsible for maintaining
code phase from that time on. Figure 2.2 illustrates the schematic of the RASE
technique.

A modification of the RASE system is the RARASE (Recursion-Aided Rapid
Acquisition Sequential Estimation). Here additional estimated code chipsare summed
to form a sync-worthiness indicator(SWI) which is used along with the inlock indi-

cator to determine when the n-stage shift register should shift from a reload to a
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tracking condition. When compared with the basic RASE system, which uses only
a simple in-lock detector, the RARASE system was shown to achieve an acquisition
time reduction by a factor of 7.5 for a PN code length of 21° — 1.

One of the earliest references of serial synchronization of pseudonoise signals
was reported by Sage [23]. In this version, a serial search was performed by linearly
varying the time difference between the PN modulation on the incoming carrier and
the PN waveform generated at the receiver with a continuous decision process deter-
mining when synchronization was achieved. Such a system is also referred to in the
literature as a “sliding correlator” PN acquisition circuit. Since the test for synchro-
nization was based on the crossing of a threshold by the output of the detector, when
compared with the serial realization of the maximum-likelihood technique discussed
earlier, this scheme trades off shorter acquisition time against reduced accuracy in
the detection of synchronization.

In recent years, the trend has been to accomplish the variation of the time dif-
ference between the incoming and local PN waveforms by a discrete stepping process
wherein the phase of the local PN code is, at uniform increment in time, advanced
(or retarted) by fixed amount which is typically a fraction of a chip. This time
discrete sweep of the uncertainity region can be accomplished by a uniform search
from one end of the region to the other, as in the case of no a-priori information
about the received PN code phase, or by a non-uniform search typically starting in
the region of highest code phase certainity and expanding as a function of time to
regions of lesser certainity.

We can continue on the classification of search strategies by distinguishing
two different philosophies with regard to the time elapsed before reaching the fi-
nal acquisition state. In the first case the search is allowed to proceed as long as
it is necessary to achieve acquisition with a given fidelity criterion. Such serial
search techniques are classified as having “non limited” permitted acquisition time

and are typically employed in applications where information modulation is always
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present in the received waveform. Serial search strategies with “limited” permitted
acquisition time are characteristic of DS/SS systems where information modulation
commences to be transmitted only after PN code acquisition has been ensured. In
such applications, a fixed time is usually allotted to achieve code acquisition, and
furthermore this achievement must be accomplished with high probability.

The final classification of serial search strategies is in accordance with the way
in which the false alarm event is handled. False alarm in serial search PN code
acquisition occurs when the detector erroneously decides that an in-sync condition
has occurred and proceeds to direct the appropriate logic circuitry to initiate PN
code tracking. Under normal circumstances, an erroneous entry into the tracking
mode of operation will be detected by the code loop lock detector, and after a given
amount of time (referred to as the false alarm penalty time), the system will return to
the acquisition mode and continue searching where it last left off. Such a recoverable
false alarm state is referred to as a “returning state”. Sometimes, an entry into the
false alarm state is catastrophic in that the system cannot recover from this event.
In this instance code acquisition is completely lost and thus this type of false alarm
state is referred to as “absorbing”. Figure 3.6 is a brief summary of the different

acquisition techniques.

2.3 Serial PN Acquisition System: Single—Dwell

A simple model of a single dwell serial PN acquisition system is illustrated in Fig-
ure 2.4. The model employs a standard type, Non-Coherent (square-law) detector.
Briefly, the received signal plus noise is actively correlated with a local replica of
the PN code and then passed through a bandpass filter. The output of the filter is
then square-law envelope detected with the detector output being integrated for a

fixed time duration, 74 ( the dwell time), and then compared to a preset threshold.
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Figure 2.4: Block Diagram a of a single dwell PN acquisition system with Non-
Coherent detection.

2.3.1 Markov Chain Acquisition Model

The markovian nature of the acquisition process results from how the detector out-
put is processed. If the detector output is above the preset threshold, then a Ait is
declared. If this hit actually represents a true hit (i.e., the correct code phase has
been determined), then the system has officially acquired and the search comes to
an end. If the hit is a false alarm, then the verification process cannot be consum-
mated and the search must continue. In general the verification is characterized by
an extended dwell time (e.g., K74, K>> 1) assumed to be fixed and an entering
into the code tracking loop mode. Since a true hit corresponds to a single code
phase position, which can occur only once per search through the code, the time
interval K74 sec can be regarded as the Penalty time associated when a false alarm
is declared. If the detector output falls below the preset threshold, then the local
PN code generator steps to its next position and the search proceeds. Thus, at
each test position, one of the two events can occur, namely, a false alarm i.e., an
indication that acquisition has occurred when the PN codes are actually misaligned
or no false alarm. The former event can occur with a probability of Pr4 whereas
the latter can occur with a probability of (1-Pr4)— hence the Markov chain model.
Furthermore, at the true code phase position, either a correct detection can hap-

pen, i.e., an indication that acquisition has occured when the PN codes are indeed
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aligned, with probability Pp, or no detection occurs, with probability (1-Pp). In
the absence of any a-priori information regarding the true code phase position, the
uncertainity in misalignment between the received PN code and the local replica of
it could be as much as a full code period. For long PN codes, the corresponding time
uncertainity to be resolved could typically be quite large. In order to represent a
reasonable compromise between the time required to search through this code phase
uncertainity region and the accuracy within which the final alignment position is
determined, the amount by which the local PN code generator is stepped in position
as the search proceeds must be judiciously chosen. It is typical in practise to require
that the received and the local PN code signals be aligned to within one-half a code
chip period (T.)/2 before relinquishing control to the fine synchronization system
(tracking loop). In accordance with this requirement, the time delay of the local
PN code signal would be retarded (or advanced) in discrete steps of one half a chip
period and a check for acquisition made after each step. If T, represents the uncer-
tainity time to be resolved and T, = N,T. , then g = 2NV, would be the number of
possible code alignments (these are referred to as cells) to be examined during each
search through the uncertainity region.

The time to declare a true hit, Tyco (which is generally referred to as the
Acquisition Time), is a random variable and generally depends upon the initial code
phase position of the local PN generator relative to that of the received code. The
probability density function gives a complete statistical description of this random
variable. The determination of the PDF would ultimately allow computation of the
probability of successful synchronization for the single dwell serial synchronization
system, but one is often content with measuring performance in terms of the first
two moments of the PDF of T4cq namely the mean acquisition time TACQ, agd the

acquisition time variance 65¢q.
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2.3.2 Single Dwell Acquisition Time Performace

In the following presentation of the acquisition time performance of a single dwell
system , it will be assumed, for the sake of simplicity, that no code doppler is present
in the received signal and that the probability Pp is constant (i.e., time invariant)
which is equivalent to assuming that only one cell corresponds to a “correct™ code
alignment. In the absence of a-priori knowledge concerning the relative code phase
position of the received and locally generated codes, the local PN generator is as-
sumed to start the search at any code phase position with equal probability. Stated
mathematically, the probability P, of having the signal present (true hit) in the
first cell searched is 1/q and the probability of not being present there is 1 — 1/q.
For example, if the number of code chips to be searched is denoted by N, and the
search proceeds in half chip increments, then the number of cells to be searched is
q=2N, and P, = fjil_u Figure 2.5 illustrates the generating function flow graph for
the g-state Markov chain which characterizes the acquisition process of the single
dwell system. As is customary in such flow graphs, each branch is labelled with the
product of the transistion probability associated with going from the branch to the
node at its terminating end, and an integer power of a parameter denoted by 2. The
parameter z is used to mark time as one proceeds through the graph and its power
represents the number of time units (dwell times) spent in traversing that branch.
Furthermore, the sum of the branch probabilities (letting z = 1) emanating from
each node equals unity.

One can show, using standard signal flow graph reduction techniques [24], [25]

that the generating function is given by

U = 1= g (31‘5H’(z)) 21)

q i=0

where 8 =1 — Pp and H(z) = Ppgz*t! + (1 — Pra)=.
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The mean acquisition time T 4¢cq is obtained by differentiating U(z) with re-

spect to z and evaluating the result at z = 1.

(2.2)

Taco = [%U(z)]

considerable algebraic simplification is experienced when U(1) = 1, and the R.H.S

z=1

of equation (2.2) can be expressed as

) é
J—ZU(z) . = Eln U(z) _ (2.3)
since
é 1 6 1 )
—1 = ——=U = — —_— .
-2V e EYE| L T re|l, =Y (24)
therefore equation (2.2) can be written as
T = ﬁ-ln U(z) (2.5)
ace = 62 : z=1 '

Since eqn (2.1) satisfies the condition that U(1) = 1, applying eqn (2.5), one
arrives at the following result after some algebra,

= 2+ (2-P - 1)(1+ KP
T aco = + ( D)(ZPD )( FA)Td (2.6)

which for g>>1 (the number of cell to be searched is large, which is of practical

interest) simplifies to

(2— Pp)(1 + KPry)
2Pp

The variance of the acquisition time is determined from the first two derivatives

of U(z) as

TACQ = (qu) (2.7)

82U(z™)  §U(z™)  [8U(z™)\*
2 = —
74cQ = [ 822 + dz oz . (28)
but since U(1)=1, one can use the equivalent relation
8 InU(z™ lnU(z™
z=1
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It can be shown that for (q>>1 and K<<q) then

1 1 1
a‘fxcq =731+ KPFA)2q2 (Ti + _155- - FD-) (2.10)

It should be noted that although the simple dwell system discussed is for a Non-
Coherent bandpass detector, the above results apply equally to a single dwell system
with a coherent detector, the only difference being the interrelation of the parameters
T4, Pra and Pp for the detector. The above analytical results for the mean and
variance of the acquisition time can also be obtained by a simple heuristic approach,

a detailed description of which can be found in [26].

2.3.3 Evaluation of Pp (Detection probability) and Prgy
(False alarm probability) in terms of system param-

eters

The mean and variance of the acquisition time are all functions of the probability of
detection Pp, probability of false alarm Pr4 and dwell time 7y. It is also important
to note that for a given probability of false alarm and pre- detection signal to noise
ratio, the probability of detection Pp is implicitly a function of 74. In the following,
Pp and Pr4 are evaluated in terms of PN acquisition system parameters for the
simple case of no code doppler or doppler derivatives.

When the signal is present (i.e., the cell being searched corresponds to a sam-
ple value on the PN correlation curve), then the input to the square-law envelope

detector can be expressed in the form

z(t) = s(t)+n(t) (2.11)

= V2Acos(wot + %) + V2n.(t) cos(wot + ¥) (2.12)
~V2R(t) cos(wot + 1 + 8(t))

= V2R(t) cos(wot + ¥ + 8(t)) (2-13)
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where R(t) = \/(A + n(t))? + n2(t) , 6(¢) = arctan (A—_';S(Lt-)), A represents the rms
signal amplitude, wy, the radian carrier frequency and n.(t) and n,(¢) band-limited,
indpendent, lowpass zero mean gaussian noise process with variance 02 = NyB/2,
Ny is the single sided noise spectral density and B is the noise bandwidth of the
pre-detection filter. The output of the square-law envelope detector in response to
an input x(t) is y(t) = z(¢)? = R(¢)? = (A + n.(¢))?> + n?(t) (ignoring the second
harmonics of the carrier) and has a non—central chi-squared probability distribution

function, which is given by

ply) = { (j—;iexp m @)y itz (2.14)

otherwise

where v = 7\7;%, is the predetection signal to noise ratio, /o() is the Bessel function
of first kind and zero order . In the absence of signal, A = 0 and equation (2.11)

reduces to the central chi-squared probability density function given by

p(y) = { e (~gl) iy 20 (2.15)
otherwise
and this probability denstiy function characterizes the square law output in all search
cells that contain noise only.
The integrate and dump output can be approximated by a summation over the

sampled values (y(t) is sampled at intervals of T=1/B) i.e.,

v == [yt~ Sy (2.16)
== ¥®) —Tv-k=oy( ) ~
where N = % = B7y. Substituting the above approximation in the first order

probability density function, the pdf of Y (namely p(Y)), for the signal present is
given by
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%(#)(N—l)/zexp [—N (L+'y)] IN—l [2 _I\;_":_yzx] ifYZO

p(Y)present = { 272

0 otherwise

(2.17)
and for the signal absent,

lg.ZnLh’[ o _YNY >
p(Y)absent = 202 (N—l)! exp 262) lf Y - O (2-18)
0 otherwise

Letting Yiorm = %’6_1\27 (random variable Y normalized by 2{,—2), one can express the

pdf of Y in a more simplified form as

(N-1)/2
p(y ) — (YN:—Y exp(_)/no’"’" - N7)IN—1 [2V ]' Snorm')’] )/'n.orm Z 0
norm resent —
’ 0 otherwise
(2.19)
and
YN—I
_anl _Ynorm Y;lor‘m 2 O
P(YiormYaseome = P01 P ) (2.20)
0 otherwise

The false alarm probability Pr4, is the probability that Y exceeds the threshold 7
when the signal is absent. Stated in terms of the normalized random variable Y,

and normalized threshold 7,,rm = -2”% we have

PFA = /oo p(}/norm)d)/norm (2'21)

Mnorm

Tnorm (Ynorm)N—l
= - BrZY LIV E norm d norm .22
1 /o DT e (Yrorm)dY, (2.22)

_ N1 (nnorm)k 23
b exp(—nnorm) Z T’_ (2’ )
k=0 °

The detection probability Pp is the probability that Y exceeds the threshold n when

the signal is present and is given by

(N-1)/2
Mnorm Ynorm
PD =1 —/(; (_W) exP(_}/norm - N7)IN—1 [2 V N'Y)/norm] derm
(2.24)
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and can also be expressed if desired in terms of the generalized Marcum’s Q-function.
For the case of the most practical interest, N can be assumed large and the expression
becomes much simpler. Defining y; = y(kT)/20? then eqns (2.14) and (2.15) can

be expressed as

exp —(yx + ) o(2v/y5) w20
p(yk*)present = * ¢ k k . (2.25)
0 otherwise
exp(—yr) vr 20
DT absens = H)owz0 (2.26)
0 otherwise

Now, Yiorm = ZQ’;O‘ yr and since the y;’s are independent random variables, then
for large N, Y, ,rm is approximately Gaussian distributed with mean Yiorm = Ny~
and o}, = Nol. The mean and variance of the pdf’s in eqns (2.22) and (2.23)

are well known to be for the signal present and absent respectively as

yT o= 149
ol = 1+2y (2.27)
y =1
ol =1 (2.28)
Thus, for the signal present we have,
Yoorm = N(1+47) (2.29)
e = N(1+27) (2.30)
and for the signal absent
Yorm = N (2.31)
Yoorm = N (2.32)
Using the Gaussian assumption, the false alarm probability is
Pry = /W::m \/%rwexp [— (Ynor;&- N)2] dYnorm (2.33)
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- o=
= Q(B) (2.34)

where Q(x) is the gaussian probability integral. Now if Pr, is specified, then 8 can
be evaluated. The probability of detection is given by
}/norm - N(l + 7)2

Pp = /oo 1 exp [—
Tinorm 4 /27‘1’N(1 + 2»')/) 2N(1 + 27)

Pp=Q (ﬂ\/—‘i—ﬂ_‘/ﬁ—]) (2.36)

Equations (2.9)-(2.34) presented here are referred from [26)

] dYnorm (235)

2.4 Serial PN Acquisition System: Multi— Dwell

Multi~dwell techniques are a generalization of the single dwell serial PN acqusition
with additional threshold testing that does not constrain the examination interval
per cell to a constant interval of time. Nevertheless, this scheme falls into the class
of fixed dwell time PN acquisition systems because of the fact that the variation
In integration time is achieved here by allowing the examination interval to consist
of a series of fixed short dwell periods (each generally longer than its predecessor)
with a decision being made after each. Allowing the integration time in a given
cell examination interval to increase towards its maximum value in discrete steps,
permits dismissal of an incorrect alignment earlier than would be possible in a single
dwell system which is constrained to always integrate over the full examination
interval. Since most of the cells searched correspond to incorrect alignments, the
ability to quickly eliminate them produces a considerable reduction in acquisition
time (particularly in the case of long codes).

Figure 2.6 and Figure 2.7 illustrates the N-dwell serial synchronization system
with half chip search and Non-Coherent detection respectively. The received signal

plus noise s firstly multiplied by the local replica of the PN code and this is applied to
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each of N non-coherent detectors. The ith detector, i=1,2,.....N is characterized by a
detection probability Pp;, a false alarm probability Pr4; and a dwell time 74;. If it is
assumed that the detector dwell times are ordered such that 741 < 142 < ....7yn then
the decision to continue or stop the search at the present cell is made by sequentially
examining the N-detector outputs (starting with the first) and applying the following
algorithm:

1. If all the N detectors (tested in succession) indicate that the present cell is
correct, i.e., each produces a threshold crossing, then the decision is made to

stop the search.

2. If any one detector fails to produce a threshold crossing (i.e., fails to indicate
that the present cell is correct), then the decision is made to continue the
search, the delay 7 of the local PN generator is retarded by the chosen phase
update increment, and the next cell is examined. Thus, as soon as one detec-
tor indicates that the codes are misaligned, the search may move on without

waiting for the decisions of the remaining detectors.

The power of the N-dwell system over the single dwell system lies in the fact that the
maximum time to search a given cell is 74n, the minimum time is 74, thus most of the
cells can be dismissed after a dwell time 74 , £ < N, whereas the single dwell system
requires that each and every cell be examined for a time equivalent of 7;x5. Figure
2.7 illustrates a block diagram of an N-dwell time PN acquisition system using Non-
Coherent detection. All the N integrate-and-dump circuits initiate their integration
at the same instant in time, each one dumping, however, at a later and later time
instant (because of the assumption that 75, < 75 < ...7yv ). The probability that
the Z; crosses its threshold depends on the probability that Zx, k=1,2,3...i-1 crossed
their respective thresholds. Thus in accordance with the search update algorithm,

the output of the ith integrate-and-dump is sampled and compared to a threshold

only if all of the (i-1) integrate-and-dump outputs have previously exceeded their
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respective thresholds. Otherwise, the first integrate-and-dump output that fails to
exceed a threshold causes the local code to update its phase and search the next
cell thereby resetting all of the integrate-and-dump circuits. A false alarm occurs
when all N detector outputs exceed their respective thresholds for a cell that does

not correspond to the correct code alignment.

2.5 PN Synchronization procedures for Non Uni-
formly Distributed Signal Location

In the previous discussion of the signal dwell and multi-dwell system, it was implicitly
assumed that the “a-priori” pdf of the signal location across the uncertainity region
was uniform, i.e., the correct cell was equally likely to occur in any of the g-cells
searched in one complete pass. When the “a-priori” pdf of the signal location is in
some sense peaked rather than uniform, then it is more likely to find the correct
code phase in the “region” surrounding the peak, and therefore one’s sweep strategy
should be adjusted accordingly. Suppose now that the received phase distribution
is defined by p(n), the probability that the received phase is within the n** phase
cell. When p(n) is known, the sweep strategy should be modified to search the most
likely phase cells first and then the less likely cells. For example, if the received phase
distribution were Gaussian, a resonable search strategy would be to search the cells
within one standard deviation of the most likely cell first and then expand the search
to cells within two standard deviations and so on [27]. It is important to note that
p(n) is a discrete distribution and therefore cannot be Gaussian, whereas the received
phase is continuous, the function p(n) can be easily derived from the continuous
density and cell boundaries. Figure 2.8 illustrates the Gaussian distribution and the

search strategy proposed by [27].
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The average synchronization time for the system is caiculated using

T,= S Pr(n,j,k) (2.37)

n,5,k

where n,k,j respectively, are the particular location for the correct phase, the par-
ticular number of FA’s and the number of missed detections of the correct phase.
The proper limits for all summations for the three variables n,j and k must be de-
termined. If AT represents the time uncertainity region, At the phase step size,
then ?_\—7; is an integer and represents the number of cells to be searched.The limits
for the first summation are then —C/2 < n < C/2 where cell number zero is at
the center of the uncertainity region. The discrete probability of the n** phase cell

being correct is
2
p(n) = Aexp (—n—) —C/2<n<+C/2 (2.38)

where A is a constant calculated from z:jﬁfw p(n) = 1.0, T = ¢/6. Let each pass
through the uncertainity region be numbered using the variable 'b’. Furthermore let
Ny, and Nsy1) denote the starting and ending cell number for the bth pass. For the
strategy of Figure 2.8, Ny = ~C/6, N, = C/6, N3 = C/3, Ny = +C/3, and so on,
where all fractions are rounded to the nearest integers. Let f(n) denote the number
of the pass that evaluated cell 'n’ for the first time. For example if C/6 < n < C/3,
the cell will not evaluated until the third sweep. The limits of the sum over ’j’ are
0 € j < oo, the variable 'k’ is the total number of false alarms in all incorrect phase

cells is denoted by K(n,j), and is given by

) f(n)+i—1
Km,j)= >, [Neya—Nol+ |n - Nf(n)+j| -J (2.39)

b=1
The false alarm can occur in any order within the K(n,j) incorrect phase cells and
the number of false alarms is binomially distributed. Combining all of the above
information yields
2

[ K(n,j .
P[n,j,k] = Aexp (—;—Tz) Py(1 - P,y ( (k 7) ) PE (1 — Ppp)K 9=k (2.40)
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and

_ n=C/2 o K{(n.7) n2 .
T, = Z Z z [K(n,g) +J]T; + kTf,Aexp (_ﬁi) Py(1 - Pd)J

n=-~-C/2 3=0 k=0
K(n,j)

k

Pro(1 — Ppa)K)=k - (2.41)

The above equation has been evaluated in [27]. Modified sweep strategies have been
used for many years in radar. Their use results in reduced average synchronization

time when the distribution of the received phase is non-uniform.

2.6 PN Synchronization Using Sequential De-
tection

The single dwell time PN acquisition system is insufficient from an acquisition time
standpoint, since its detector spends as much time rejecting a false sync position as
it does in accepting the correct one. If one is to minimize the acquisition time, what
is needed is a detector that quickly dismisses a false sync position, but is allowed to
integrate over a much longer time interval during the single cell which corresponds
to the correct code alignment. The multiple dwell time system also discussed previ-
ously was an attempt at accomplishing the above mentioned objective wherein the
detector integration time was increased in discrete steps until the test failed (with
one output falling below the threshold). Another alternative is to allow the inte-
gration time to be “continuous”, and thus replace the multiple threshold tests by
a continuous test of a single dismissal threshold. Such a variable integration time
detector is referred to as a “Sequential Detector” and the corresponding acquisition
system is designed so that the mean time to dismiss the false sync position is much

smaller than the integration time of a single dwell system.
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To illustrate the above technique, consider the serial sequential detection PN acqui-
sition system illustrated in Figure 2.9. Until the output of the square-law envelope
detector, the system operates identically to the single dwell acquisition system as
discussed in the previous sections. Figures 2.10, 2.11 and 2.12 represent the outputs
of the continuous time integrator. Figure 2.10 represents the case when the bias
voltage ’b’ is absent, for both cases of the signal plus noise and the noise alone.
In particular, the integrator output would follow along the integrated mean of the
square-law detector output, given by Ny Bt or Ny B(1++)t, thus for both hypotheses,
the integrator output tend to increase linearly with time but at different slopes. Now
suppose one subtracts a fixed bias voltage 'b’ from the signal before integration and
if this bias is assigned a value between the means of the square-law detector outputs,
i.e., NoB < b < NoB(1++), then the integrator output will tend to decrease linearly
when the signal plus noise is present as illustrated in Figure 2.11. If one now chooses
a threshold ¢ (of negative value) which causes a dismissal whenever the integrator
output falls below it, then the smaller the magnitude of this threshold, the faster
the output for the noise only condition will dip below it. This quick dismissal for
the noise only condition is what forms the heart of the sequential detection system
and provides the acquisition time advantage. But because of the small magnitude
of the threshold, the possibility of the signal plus noise case to also dip below the
threshold is relatively high. Therefore a compromise threshold value is generally as-
signed, leading to a relatively quick dismissal of false sync position and also allowing
the integrator output for the true sync position to remain above the threshold. A
test truncation time 7 is often allocated and if the threshold is exceeded before this
time, then the test is terminated and the signal is declared present in the cell being

searched.
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Chapter 3

A New Hybrid Acquisition
Scheme for CDMA Systems
employing Short Concatenated

Codes

This chapter begins with an introduction to the codes used by spread spectrum
systems: the Maximal Length Sequences, and Gold Codes. This is followed by a
detailed description of a New Hybrid Acquisition Scheme for CDMA systems. An
outline of the procedure used for simulating the scheme is discussed followed by the

performance analysis of the Acquisition scheme in a multiple access environment.

3.1 Introduction

In the previous chapter, an overview of the various acquisition schemes for the pur-
pose of PN synchronization was presented. Before presenting the proposed hybrid
acquisiton scheme, a brief introduction to the maximal length sequences and Gold

Codes will be presented for the sake of completeness.
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3.1.1 Coding for Spread Spectrum Systems

Spread Spectrum systems employ special types of codes for the purpose of commu-
nications. In fact the type of code used , its length, its chip rate, set serious bounds
on the capability of the sytem. Some of the salient features of codes used for spread

spectrum systems are
e Protection against Interference.
¢ Provision for Privacy.
e Noise-Effect reduction.

Figure 3.1 illustrates the block diagram of generation of linear and nonlinear
codes. It is important to point out that a spread spectrum system is not a secure
system unless the codes used are cryptographically secure, and that linear codes

used in spread spectrum systems do not provide any security.

3.1.2 Maximal-Length Sequences

Given a shift register of a specific length, the longest codes that can be generated
are by definition, Mazimal-Length sequences. For an ‘n’ stage shift register, the
maximal length sequence is 2® — 1 chips long. A shift register sequence generator
consists of a shift register working in conjunction with an appropriate logic, which
feeds back a logical combination of the state of two or more of its stages to its input.
The output of a sequence generator and the contents of its 'n’ stages at any sample
time, is a function of the stages fed back at the preceediﬁg sample time. Feedback
connections from 3 to 100 stages have been tabulated for maximal code generators.
If B4:(k) represents the discrete periodic cross—correlation function and 6,(k), the
discrete periodic auto-correlation function, then by definition,
] N-1

ber(k) = j—V-Zana;_*_k (31)

n=0
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1 N-1
Ob(k) = N AnQn4k (3.2)

n=0
where a, = (=1)*, b, € {0,1}, N being the period of the code. It is well known
that the periodic autocorrelation function 6;(k) for maximal length sequences is
two-valued and is given by
1.0 k=IN
0s(k) = . (3.3)
-~ k#IN
where | is any integer. If R.(7) and R.-(7) represent the autocorrelation function

and crosscorrelation functions respectively, and are defined as,

1 T
Re(r) == /0 ot)e(t + 7)dt (3.4)
and
1 (T
Reo(r) = /0 c(t)d(t + 7)dt (3.5)
where c(t) = T2 _ a.p(t — nTc), p(t) is a unit pulse beginning at zero and ending

at T., then it can be shown that the discrete auto/cross correlation function and the

continuous auto/cross correlation functions are related as
Reo(7) = Reo(k,7) = (1= 25 ) B () + 70w (k + 1) (3.6)

For the specific case of maximal length sequences, the auto correlation function can

be expressed (in terms of the discrete autocorrelation function) as

—l(l-{-%) 0<1<T,k=0,1. =17
R.(r) = —% T. <7< (N-1)T.,k#IN (k+1)#IN for any integer
2(1+%)-% (N-1)L<T<NT, k=(N~-1), (k+1)=N,
=1~ (N-1)T. (3.7)
Figure 3.2 illustrates the autocorrelation function for a maximal length sequence
with chip duration T, and period NT.. The power spectral density of maximal

length sequences is given by

+o0
Se(f) = 2 Pud(f — mfo) (3-8)
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Figure 3.3: Power Spectral Density of Maximal length sequences

where Py = 73, Pn = [L%";—ll] sinc?(m/N) and f, = Nln-.Figure 3.3 illustrates the

PSD of a maximal length sequence with chip duration 7, and period NT..

3.1.3 Gold Codes

Spread Spectrum multiple access techniques permit all users to transmit simultane-
ouly using the same band of frequencies. Each user is assigned a unique spreading
code (signature sequence) enabling the receiver to separate each user during the de-
spreading operation. Therefore the goal of a spread spectrum system designer for a
multiple access system is to find a set of spreading waveforms such that a maximum
number of users can be accomodated in the same band of frequencies with as little
mutual interference as possible. A detailed treatment on Pseudo random sequences
can be obtained in [28].

Gold Codes were invented in 1967 at the Magnavox Corporation specifically
for multiple access applications of spread spectrum. A large set of Gold Codes exist,
which have well controlled cross-correlation properties. They are constructed by a
modulo 2 addition of specific relative phases of a preferred pair of m-sequences.
Equation [3.1] represents the discrete cross-correlation function between two spread-
ing codes. The cross-correlation spectrum is a list of all possible values of 6y (k)

and the number of values of ‘k’ which yield that particular cross-correlation. The
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Gold Code sets have a cross correlation spectrum which is three valued given by,

1

A

1

N

2 t(n) — 2]
i

where

1 + 205(n+1) p odd
t(n) =
1 + 205(n+2) p even

(3-9)

(3.10)

and N = 2" — 1. If (D) and &'(D) represent a preferred pair of m-sequences
having a period NV = 2" — 1, then the family of codes defined by &(D), ¥ (D),b(D) +
DV (D), ....DN-1(D) is called the set of Gold Codes. For m sequences of period
‘N’, the total number of Gold Codes is (N+2). Figure 3.4 illustrates a typical Gold

Code generator configuration.
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3.2 A New Hybrid Acquisition Scheme for CDMA
Systems

In this section, we present a new hybrid acquisition scheme for CDMA systems.
Before discussing the details of the acquisition scheme, a new coding scheme is

proposed [29], [30].

3.2.1 Proposed Concatenated Signature Coding Scheme

The signature coding scheme proposed is slightly different from that used in conven-
tional spread spectrum systems. Conventional CDMA systems use long PN codes
for each user as signature sequences. The proposed coding scheme also uses long
codes as signature sequences for each user. The difference between the two lies in
the structure of the long codes. Unlike the former, the latter is made up of shorter
codes. Figure 3.5 illustrates the proposed structure of the Long code. The Long
signature code is composed of repetition of a shorter code (which we call the user
“Basic” code) M times (M being an integer suitable choosen for a specific scenario).
Each of these repetitive Basic codes are further composed of unique sequences of
shorter concatenated codes. It is important to clarify that the term “Concatenated”
here differs from the previous reference in [31], where it is defined as a combination
of two sequences such that each bit of one sequence is further encoded by another
sequence. Here the term is used to signify the serial stacking of short codes com-
prising the user Basic code.

Each of the user Basic code is composed of a unique sequence of N short concate-
nated codes. These N short codes are called “Subcodes”. Each of these subcodes
is a Gold code of 127 chips length, and every user is assigned a unique sequence of

these subcodes. Here there are two possibilities.

1. The set of N subcodes comprising a user Basic code is completely different

from the set of subcodes comprising any other user. (This was followed for the
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simulation of the proposed scheme).

2. The set of N subcodes comprising a user Basic code is not completely different

from the set comprising a different user.

Thus the sequence of N subcodes is user specific and hence different from user
to user. This signature coding scheme proposed is specifically designed towards the
acquisition scheme.

One of the main ideas behind the coding scheme is to replace the search of the phase
(single) of a long code by the search of independent phases of many shorter, logically
connected sequential subcodes comprising the user Basic code. A few perceivable
benefits of such a coding scheme are that, firstly, the event of missed detection shifts
from its possibility of occurence over entire length of the code to the possibility of
its occurence over each of the subcodes. This could lead to a decrease in the mean
acquisition time since missing the phase of a long code would mean searching the
entire uncertainity region again. Secondly, acquisition of the user code could be
declared without searching the entire length of the code (although this point would
be appreciated only after discussion of the acquisition scheme in conjunction with
the above mentioned coding scheme). Before closing the discussion of the coding
scheme, a brief summary of the coding terms used is given below. These terms

would be frequently used during the discussion of the acquisition scheme.
e Subcode : Short Gold Codes of 127 chips length.
e Basic Code : A user specific sequence of N subcodes.

e Long Code : The code composed of the repetition of the user Basic code M
times. Thus the length of the user Long code is MN X 127 chips.
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Figure 3.5: Coding Scheme Structure

3.2.2 Hybrid Acquisition Scheme for CDMA Systems

The schematic of the receiver structure of the proposed scheme is shown in Figure
3.6. The received signal plus noise is first fed into a bank of N matched filters. This
bank of filters at the receiver is user specific, with each filter matched to one of the N
subcodes of only the particular user code that is to be acquired. Thus it is assumed
that the receiver possesses knowledge of the particular user being acquired, in terms
of the user specific sequence of subcodes. Such information is available from the call
signaling channel, the details of which will not be discussed here. Before elaborating
the various steps involved in the acquisition process, a summary of the important

parameters of the scheme are presented in the following for the sake of clarity.

1. LP1: Parameter indicating the identity of the filter that gives a maximum
value out of the bank of matched filters. This information translates directly
into the identity of the most probable subcode comprising the specific user

Basic code.
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2. Pivot Subcode: The pivot subcode plays a very important role in the search
scheme. At the beginning of the search, the first detected subcode is assigned
the role of the pivot subcode. The pivot subcode could be visualized as a
sort of “anchor” or “reference” in a search scenario. All subcodes detected
after the pivot subcode during a search scenario are checked against it for
sequential integrity. Any subcode in sequence contributes towards the final
declaration of Acquisition. The particular subcode playing the role of the
pivot is different from one search scenario to another. One of the features of
the acquisition scheme is a running search scenario. Depending on the value
of certain parameters of the acquisition scheme, the search is restarted with

all parameters of the scheme being re-initialized.

3. PIVCT (Pivot Count): This is a counter that is incremented every time
either a subcode during a search scenario is not in sequence with the pivot
subcode or the filter that peaks (out of the back of matched filters) does not
cross the threshold value. A high value of PIVCT during a search scenario
indicates the accumulation of wrong subcodes (subcodes out of sequence with

respect to the pivot).

4. CLIMIT (Subcode Count Limit): This parameter indicates the tolerance
of the search scenario. It is the maximum value of the PIVCT allowable during
a search scenario. If the PIVCT exceeds CLIMIT, then all parameters of the
search scenario are re-initialized, the pivot subcode dropped and a new subcode
is assigned the role of the pivot. CLIMIT can also be viewed as a “window”
length of the search scenario. Thus as mentioned before, depending on whether
the value of the PIVCT exceeds (or not) the value of the CLIMIT within the
window length as defined by the value of CLIMIT, the search scenario could

(or not) lead to a successful declaration of acquisition.
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5. AC (Accumulator Value): This parameter is the running average of the
search scenario. Every subcode in sequence with the pivot subcode increments
the accumulator value in varying degrees depending upon the value of the
accumulator weight “X”. This means subcodes detected in the later periods
of the search scenario would contribute more to the accumulator as compared

to the earlier ones.

6. ¢ (ZHI: Normalized threshold): “(” represents the normalized threshold
value for a search scenario. The mean accumulator value is checked against
¢ to decide whether acquisition is successful or not. If the mean accumulator
value (AC) exceeds (, then acquisition is complete and the tracking loop is
enabled. The value of ( fixed in a certain search scenario must be chosen

judiciously to avoid high false alarms.

7. C (Sequential Subcode Count): The counter indicates the number of filter
outputs during a particular search scenario that cross the threshold value and

also the subcodes that fall in sequence with the pivot Subcode.

Let us assume the receiver is matched to a particular user, say User;. This
means the bank of matched filters at the receiver are each matched to one of the 'N’
subcodes of User;. The first step at the receiver is to feed the received signal into
the bank of matched filters simultaneously. As mentioned previously, there exists a
one-to—one correspondence between the filter identity and subcode identity (which
means that if filter ‘i’ peaks then it means that the identity of the subcode is “most
probably” G; where we use the word “most probably” to emphasize the probabilistic
aspect of the identity of the detected subcode). The filter that gives a maximum (as
compared to the rest) is then compared to a suitably chosen threshold. Here there
are two possibilities. Firstly the maximum value exceeds the threshold. In this case
the subcode is processed along Block # 1 (see Figure 3.6). The other possibility

is that the maximum does not exceed the threshold, in which case the subcode is
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processed for the next few steps along Block # 2.
Block # 1

1. Step # 1 : The first step is to enquire about the existence of a pivot subcode
for the present search scenario. In the event that there is no pivot subcode
(which is possible because, either LP1 (the present subcode) could be the first
detected subcode implying the beginning of acquisition with respect to some
arbitrary time reference ¢t = 0 i.e., 1 search scenario, or LP1 (present subcode)
is the first in a newly initiated search scenario, implying the existence of previ-
ous search scenarios each with assigned pivots), LP1 (the present subcode) is
assigned the role of the pivot. If a pivot subcode exists then it indicates that
LP1 (present subcode) enters the search scenario after a previously assigned

pivot, and in such a case other questions are addressed.

2. Step # 2: The second step along Block # 1 is checking the value of PIVCT
against CLIMIT. If PIVCT > CLIMIT, then as illustrated in the block
diagram Figure 3.6, we enter the “Re-Initialize” block, where the parameters
AC (accumulator value), PIVCT (pivot Count), X (Accumulator weight), C
(Sequential subcode count) are reset, the pivot subcode for the search scenario
dropped, and LP1 (present subcode) assigned the role of the pivot. Therefore a
completely new search scenario is started. It is important to indicate that the
time spent in the previous search scenarios is not discarded but is accounted
for in the final evaluation of mean acquisition time. If PIVCT < CLIMIT,

then the present search scenario continues.

3. Step # 3: The final step is incrementing the paramater “C”. As mentioned
previously, C represents a count of the number of filter outputs in a particular
search scenario that cross the threshold value and cases where the subcodes
are in sequence with the pivot. Since Block # 1 is for the cases where the

filter output exceeds the threshold, therefore parameter C is incremented.
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Block # 2

1. Step # 1: When the filter that gives a maximum output value from the bank
of matched filters does not cross the threshold value, then instead of discarding
this case altogether (which is done in many conventional acquisition schemes),

the parameter PIVCT is incremented.

2. Step # 2: The next and final step along Block # 2 is to check whether PIVCT
is > (or<)CLIMIT. As mentioned in Step #2 of Block # 1, depending upon

the outcome, the parameters are either re-initialized or not.

After the steps in Block # 1 and # 2, the next step of the acquisition scheme s
to check for sequential integrity of LP1 (present subcode) with respect to the pivot.
In the event of the existence of a previous pivot subcode for the search scenario,
LP1 (present subcode) is checked against it to verify whether it falls in sequence
with it. Since the receiver has the knowledge of the exact sequence of subcodes
comprising User;’s Basic (and Long) code, the receiver uses that information to
check for sequential integrity. If LP1 (present subcode) falls in sequence, then as
illustrated in the block diagram, the accumulator weight “X” and parameter “C”
are incremented. The value of C is finally added to the accumulator “AC”. It is
important to note how the accumulator value builds up. It is clear that since “C” is
not incremented in equal steps (C = C + 2X), the subcodes detected further along
the search scenario contribute to the accumulator more than those detected in the
earlier stages of the search scenario.

If LP1 (present subcode) is the pivot subcode for the search scenario then even
in this case the same set of steps are carried out as in the previous case as mentioned
above.

If LP1 (present subcode) is not in sequence with the pivot subcode, then

as usual the parameter PIVCT is incremented. The final step of the scheme is
AC

Tsearch

the evaluation of the mean accumulator value (AC = ). Tsearch TEpresents
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Figure 3.7: Structure of the Acqusition scheme comprising many Search Scenarios

the duration of a search scenario (and hence is indirectly related to the value of
CLIMIT). The final step of the proposed scheme is to check the value of the mean
accumulator value against the normalized threshold . If the mean accumulator
value AC < ( then the next 127 chips of the received signal are fed into the bank of
filters and the entire operation as discussed till now is carried out again. If AC > (
then this means that acquisition is successful (with a certain probability of detection)
and the tracking loop is enabled.

Figure 3.7 illustrates the main structure of the acquisition scheme as comprised
of many search scenarios. At the end of every unsuccessful search scenario, the value
of PIVCT > CLIMIT and therefore the scheme encounters a re-initialize block
(as mentioned earlier). Each scenario has a pivot subcode guiding the search and
each search scenario is completely independent from preceeding or succeeding ones.
The process continues until AC > ( for a search scenario.

Let us illustrate the acquisition process via an example. Assume that User,
has to be acquired in a multiple access environment. Without any loss of generality

we can make the assumption of synchronous transmission for User;. Let User;’s
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sequence of subcodes be G3G1GsG11G13G2Gs. Thus N=7 and this sequence repeats.
Thus User;’s Long code would be G3G;G5G1;G13G2G6G3G1G5G11G13G2Geé..... Be-
cause of the interference encountered in the channel, assume that the received se-
quence is different from the transmitted one and is G3G1G1G2G13G1G3G1G6G11G11
G13G6G2G3G1G5G11G2G2GsG3GsGsG11 Gha....... Figure 3.8 illustrates the transmit-
ted sequence and the received sequence. The first detected subcode is G3 and hence
it is assigned the role of the pivot (pivot # 1 for search scenario # 1). The next
received subcode is Gy and is in sequence with Gs, thus the parameters C, X, AC
are incremented. The next two subcodes are G; and G, which are not in sequence
with G3, therefore PIVCT is incremented (PIVCT=2). Assume that CLIMIT =5
for the acqusition scheme. The next detected subcode is Gi3 and is in sequence
with G3 (Pivot # 1). This is followed by detection of the Gi, Gz, G1, Ge. As is
clear, these subcodes are not in sequence with G3, PIVCT is incremented for each
of three subcodes and hence the value of PIVCT = 6 at this stage of the search
scenario. At this point of PIVCT > CLIMIT and all parameters are re-initialized,
the pivot subcode G3 dropped and a new search scenario initiated as is illustrated
in Figure 3.8. The next search scenario illustrates the consequences of assigning a
wrong subcode the role of the pivot. The pivot subcode for search scenario # 2 is
G1,- But the correct subcode should have been Gs (assuming synchronous trans-
mission of User; code sequence at some arbitary time reference t=0) Thus inspite of
the fact that the next two subcodes G;; and G5 are correct (with respect to the the
time reference t=0), they obviously do not fall in sequence with the assigned pivot
and hence would be counted as wrong subcodes. Search scenario # 2 illustrates the
importance of the pivot. The fourth detected subcode in search scenario # 2 is Ge
and happens to be in sequence with Gy (the pivot # 2) and hence AC is incre-
mented. The next four subcodes detected (again although are correct with respect
to the time reference ¢t = 0) do not fall in sequence with the pivot and thus PIVCT
is incremented. At this stage PIVCT > CLIMIT and thus the reinitialization
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procedure is invoked. Assume for the sake of illustration that at the end of the third
search scenario, AC > (. In such a case, the acquisition procedure is stopped and
the tracking loop invoked. The third search scenario illustrates a subtle point of the
scheme that a search scenario leading to a successful declaration of acquisition could
have a couple of subcodes that are not in sequence with the pivot. This aspect of
the scheme reflects its inherent roboustness.

Given below are some important features of the acquisition scheme.

1. The process of acquisition in the proposed scheme is the process of accumula-

tion of sufficient sequential subcodes within a certain search scenario.

2. The number of sequential subcodes required for AC to exceed { depends upon
the value of ¢ chosen. Therefore ¢ should be cautiously fixed taking into
account the level of interference encountered in the channel so as to minimize

the probability of error.

3. The length of a search scenario is not fixed and depends indirectly upon the

value of CLIMIT.

4. The number of subcodes to be searched and detected to declare acquisition of
a user code is not fixed. Also it is not necessary to search the entire length of

the user code to declare acquisition.

5. It is possible that a search scenario leading to acquisition contains a few sub-

codes not in sequence with the pivot.
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Figure 3.8: Processing of the received signal for CLIMIT= 5
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3.2.3 Simulation Procedure and Performance in a Multiple

Access Environment

Simulation studies of the Hybrid Acquisition scheme were performed in an additive
white gaussian channel in the presence of multiple access interference. The general

steps involved in the process of simulation are given below.

1. The first step was generating Gold Codes of length 127 chips. The code gen-
erators were developed in matlab (appendix contains the source code for the
functions used in simulation). After generating Gold Codes of length 127 chips,
each user was assigned a specific sequence of these short codes. The user basic
code length ‘N’ of 6 and the value of repetition ‘M’ used for the user long code

was 20 in the simulation studies.

2. Generation of random phases of the Gold Codes. The random phases were
assigned to the codes using the random generator of Matlab which follow a

Normal distribution with mean zero and variance one.

3. Each user was then created by assigning a specific sequence of the above men-
tioned short Gold Codes (along with the random phases that were assigned to

each of these short codes).

4. After the creation of all users, the transmitted signal was represented by a
sum of all the user signals. AWGN was then introduced in the signal by
adding additive white gaussian noise (AWGN) which was again the random
generator of Matlab, with mean zero and variance as defined by the SNR in

the simulation graphs. This final signal constitutes the transmitted signal.

5. At the receiver end the signal was fed into a bank of user specific matched
filters. Details of the source code of the matched filters are listed in the

appendix.
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6. After feeding the recieved signal into a user specific bank of matched filters,
the maximum value of the filter out of the bank of matched filters represented
the most probable phase of the transmitted signal, and this information was
processed along the steps of the block diagram of the proposed acquisition
scheme as described in the previous sections.

The received signal at the bank of matched filters can be expressed as,
K
ri(t) = Y Arsi(t — 7i) cos(wet + @) + n(2) (3.11)
k=1
where it was assumed that data modulation of the users is absent.
K = Number of simultaneous users in the channel.
A = Amplitude of the k** user.
sk(t) = Signature code of the k** user at a specific rate R. chips/sec.
n(t) = Additive White Gaussian Noise with a specific variance.
e = Time delay of the k" user.
¢r = Phase of the kt* user.
It was also assumed that the receiver had knowledge of the phase ¢; of the user
and therefore accurate carrier recovery was assumed. Under such an assumption
the received signal can be expressed as
K
re(t) = 12 Arsi(t — 1) + n(t) (3.12)
The detection of the user subcode at the receiver involves correlation of the receiver
replica of the signature sequence and hence, the output of the bank of matched

filters can be mathematically expressed as

$k(t) = mazx (/;NTC r(t)s:(t + fk)dt) (3-13)

where ¢ € {1,2,3,...N}, (i belongs to the set of the N subcodes assigned to the
user ’k’, assuming that ’k’ represents the intended user), 5x(t)represents the receiver

estimate of the most probable subcode, ¢, the receiver estimate of the delay of the
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subcode. This maximum value is processed along the steps mentioned previously to
evaluate the mean acquisition time and probability of acquisition.

The characteristic polynomial of the shift registers used for generating the
Gold Codes are g;(z) = 1 + z° + 7 and g2(z) = 1 + £ + 7 . The family of Gold
Codes of length 127 chips (a total of 129) were generated as shown in Figure 3.9.
The Simulation was performed in Matlab. The details of the simulation programs

are given in the Appendix for interested readers.
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(a)

7 6 5 s =P—1 3 2 1

(b)

Figure 3.9: (2) The Shift Register used to generate the Maximal Length Sequences.
(b) The Gold Code generator of length 127 (n = 7)
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3.2.4 Simulation Results

As mentioned in the previous section, the simulations were performed in a non-
fading channel and in the presence of multiple access interference. Two sets of per-
formance parameters were evaluated for the scheme, the first one being the Mean
Acqusition Time(T4cq), the second being the Overall Probability of Detection, or
(equivalently the probability of acquisition) Pacq (Pra being related to the P4cq as
Paco + Pra = 1). The performance parameters were studied for different values of
the parameters of the scheme. The two main parameters of the scheme are the sub-
code count limit (CLIMIT), and the normalized threshold value ({). All simulations
were performed for CLIMIT = 6, and ( ranging from 6 to 12. Two separate detec-
tion processes were studied, the Hard decision detection and Soft decision detection
cases. Also each of these cases were studied for SNR’s (Signal to noise ratios) rang-
ing from 0dB to 8dB. Hard decision refers to the firm decision made on the received
signal quantizing each received chip to {0,1} (and subsequently into {-1, +1}). This
is implemented in the simulation by simply employing a limiter at the receiver. Soft
decision detection involves processing the received signal (without making any hard
decision) as it is.

Before going into the details of the simulation results, a small note on another per-
formance parameter, the variance of the acquisition time 0%,,. Although we have
not evaluated this parameter in our simulation studies, useful information can be
obtained from this parameter. The process of evaluation would involve finding the
mean square 12, and the square of the mean acquisition time T-z, and the usual

formula of the variance.

e Figure 3.10 (page 65) is the simulation plot of the mean time to acquire a
specific user code (T4cq) as a function of the number of simultaneous users

(multiple access interference). A total of six graphs are shown in the figure.

A set of three are for the hard decision detection for SNR’s of 0dB, 4dB, 8dB,
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the other set of three plots are for the soft decision detection for SNR’s of
0dB, 4dB, 8dB. The value of { (normalized threshold) is 6, and CLIMIT=6.
As is clearly visible, soft decision detection results in lower acquisition time as
compared to hard decision detection. This reflects the fact that in the case of
soft decision, the mean accumulator value (AC) crosses ( faster as compared
to the hard decision case, which means that within a certain search scenario,
more detected subcodes fall out of sequence with the pivot (as the identity of
the detected subcodes are in error!) as compared to the soft decision case. It
can also be observed from the plots that the time to acquire a user code for
SNR = 8dB, hard decision detection, is almost the same as the case of soft
decision detection for SNR=0dB. It is also important to interpret the results

of Figure 3.10 in conjuction with Figure 3.11.

Figure 3.11 (page 66) is a plot of the probability of acquisition (Pacq) as a
function of the multiple access interference. Again two sets of plots, one for
hard decision (SNR’s= 0dB, 4dB, 8dB) and the other for soft decision (SNR’s
0dB, 4dB, 8dB) are illustrated. The value of { = 6 and CLIMIT = 6. It
can observed that in low levels of multiple access interference, the probability
of acquiring the user code is high, but decreases with increasing load. In
conjunction with Figure 3.10, we see that for both cases of hard and soft
decision detection, as multiple access interference increases, the probability of
acquisition decreases with a corresponding increase in the mean acquisition

time.

Figure 3.12 (page 67) is the plot of mean acquisition versus the number of
users for SNR’s 0dB and 4dB (hard decision) and SNR’s 0dB, 4dB, 8dB (soft
decision) for ( =8, CLIMIT = 6. As it is visible, because of the higher value
of the normalized threshold ({ = 8), the mean acquisition time is higher as

compared to Figure 3.10 ({ = 6).



Because of a higher threshold value, the probability of detection Figure 3.13
(page 68) (or acquisition) is visibly higher (for the same level of load) as com-
pared to Figure 3.11. Hence we encounter a trade-off! Higher threshold(()
values for a certain fixed value of CLIMIT, although they have a better per-
formance in terms of the probability of detection (and thus have a lower value
probability of false alarm), require more time to acquire the codes. There-
fore depending upon the requirements of a particular application at hand, the
value of the system parameters must be fixed to meet the required performance

criterion.

Figure 3.14 (page 69) is the simulation plot of the mean acquisition again as a
function of users in the channel for { = 10, CLIMIT = 6 for SNR’s 0dB, 4dB
and 8dB (hard decision case) and SNR’s 0dB, 4dB for soft decision detection.
Again, a visible increase in the acquisition time is observed as compared to

Figure 3.10.

Figure 3.15 (page 70) represents the probability of acquisition as a function of
multiple access interference for { = 10, CLIMIT = 6, SNR’s of 4dB and 8dB

(soft decision case).

Figure 3.16 (page 71) are simulation results for the mean acquisition for { = 12,
CLIMIT =6, SNR’s 4dB and 8dB for hard decision case and SNR’s of 0dB,

4dB for soft decision case.

Figure 3.17 (page 72) is the plot of the corresponding probability of detection
for ¢ =12, CLIMIT = 6, SNR’s 4dB, 8dB for hard decision and SNR’s 0dB,
4dB and 8dB for soft decision detection.

Figure 3.18 (page 73) and Figure 3.19 (page 74) clearly illustrate the trade-
off aspect between the mean acquisition time and probability of detection for

CLIMIT = 6, ( = 6,8,10,12, SNR=4dB and detection process being soft
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decision. Higher values of ( would require more time to acquire the codes but
would have a better performance in terms of the probability of detection (i.e.,

low false alarms).
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Figure 3.10: Mean Acquisition Time versus Number of Users for ((ZHI) =
6,CLIMIT = 6 for Hard Decision and Soft Decision Cases and Signal to Noise
Ratio’s of 0dB, 4dB and 8dB. Chip rate is 1M chips/sec, processing gain = 127.
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Figure 3.11: Probabilty of Acquisition versus Number of Users for ((ZHI) =

6, CLIMIT = 6, SNR’s: 0dB and 4dB for Hard Decision Case and SNR’s 0dB,
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8, CLIMIT = 6, SNR’s: 4dB and 8dB for Hard Decision and SNR’s: 0dB, 4dB

and 8dB for Soft Decision Case. Chip rate is 1M chips/sec, processing gain = 127.

68



2.5 L ] L 1 ] 1 L
ZHI=10
cumt=s - - T

2 T e e - . T i’ 7]
o e
O P -
&l o Lo TTT =
[)] '_,.-". Ve -
£ ' _x/
" 1s) ]
K]
iz
=
g
<
g 1F -
[0}
b=
g E Hard Dec Soft Dec
e R - SNR=0dB  o.. SNR=0dB

05f B -. SNR=4dB *_— SNR=4dB -
i -~ SNR=8dB
o ! J L ] ! 1 ]
0 5 10 15 20 25 30 35 40

No of Users
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Figure 3.16: Mean Acquisiton Time versus Number of Users for ((ZHI) =
12,CLIMIT = 6, SNR’s: 4dB and 8dB for Hard Decision Case and SNR’s: 0dB
and 4dB for Soft Decision Case. Chip rate is 1M chips/sec, processing gain = 127.

71



o
o)

Pacq Prob. of Acquisition
S
[$4]

ZHI=12
CLIMIT=6

0.7F Hard Dec Soft Dec
.... SNR=4dB —. SNR=0dB ,
0.65- no
— SNR=8dB — SNR=4dB \\
- \
0.6 \
\
\
0.55+ V-
0.5 L L L 1 1 1 (.. !
0 5 10 15 20 25 30 35 40
No of Users
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Chapter 4

Simplified Analytical Model and
Performance in a Non Selective

Rayleigh Fading Channel

In this chapter we introduce a simplified analytical model of the proposed hybrid
acquisition scheme. Certain assumptions are made in the analysis of the scheme to
simplify the complexity involved in developing the expressions for the mean and vari-
ance of the acquisition time. The performance of this simplified acquisiton scheme
is studied in a Rayleigh fading environment. Expressions for the mean and variance
of the acquisition time are developed using signal flow graph techniques. Finally

numerical results of this model are presented.

4.1 Simplifed Analytical Model

In the previous chapter a detailed description of the proposed Hybrid Acquisiton
scheme was presented. An analytical model of this acquisition scheme is developed
here under certain set of assumptions. Although the assumptions do lead to a more

restricted scheme, considerable simplification in analysis is realized. Also we adopt
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the method followed by [32] and [33]

The two assumptions adopted in the Simplified model are

1. The length of the search senarios is fixed and same from one search senario to

another.

2. Every subcode detected in a search senario contributes equally to the accumu-

lator value (which means that the accumulator weight X is set to zero).

Figure 4.1 illustrates the Block Diagram of the Simplified acquisition scheme
for a fading channel. Figure 4.2 illustrates the structure of passive Non-Coherent [-Q
matched filter, Figure 4.3 of the matched filter correlator. The phase update size of
the search scheme is set to half a chip (A =1/2). In T seconds M/A samples from
each of the MF’s are collected and stored. As before, the filter with the maximum
value is choosen as the most likely subcode and this information is processed further
along the lines as described in chapter 3.

The markovian nature of the acquisition process allows the state transition
diagram approach to be used in deriving the probability generating function for the
acquisition time. Figure 4.4 illustrates the circular state transition diagram of the
acquisition system. In MT. seconds (M= length of the subcode), (M N/A) samples
are stored from the bank of N matched filters. The maximum value among all
samples represents the most likely transmitted subcode with a certain probability
of detection Pp. This assumption could also be wrong with a certain probability,
designated as the probability of false alarm Pg4. Since the maximum filter value is
choosen from the bank of filter, and is not compared to any threshold value, this
is equivalent to the case of having the threshold value as zero. Because of this,
the probability of missed detection Pys = 0, and Pp + Pp4 = 1. This information
about the identity of the subcode is then processed along the lines of the block
diagram as shown in Figure 4.1 (the detailed steps are described in chapter 3, pages

48-52). In the event that sufficient number of subcodes are not in sequence with the
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designated pivot subcode of the search senario, the next set of M chips is loaded into
the bank of I-Q matched filters and another set of M/A samples is chosen again.
The process continues until either the value of PIVCT exceeds CLIMIT, which leads
to reinitialization of all parameters of the acquisition process and the initiation of
a new search senario, or a declaration of acquisition (with a certain probability
of detection designated as Pp—_ouerat)- There is also a possibility that the above
mentioned acquisition is incorrect, with a probability designated as Prs_overau- It is
important to note that there are two types of probabilities discussed here, one being
on the individual subcode level, (Pp, Pr4), and the other on the level of the search
senario, (Pp_owverall; PFA—Overait). In the event that acquisition is declared, and
the corresponding phase is correct (with a probability Pp_ouveran); the acquisition
is complete, and tracking enabled. If the phase is incorrect (with a probability
PrA—Cverall), the system goes back to acquisition after a certain penalty time of JT
seconds.

The generating functions associated with the events of Detection H,(z), False
Alarm H,(z), Missed Detection H3(z) (which is on the level of the search senario
and refers to the fact that sufficient number of subcodes are not in sequence with
the designated pivot of the search senario, and is not referred to on the individual

subcode level), and penalty Hy(z) are (C=CLIMIT) given in the following,

’

-1
Pp | P57 12¢T + ¢ P57 (1 — Pp)z¢étiT 4 ¢ Py
¢—2 ¢—2
(1 — Pp)2z¢+2T (k-2 PEH(1 — Pp)kzHAT 4
H]_(Z) =4 C— 2
Cc -2

.t ( ) P51 - PD)(C‘C)zCT} ¢>2

{ Pp [PDZZT + PD(I —_ PD)Z3T TP + PD(I - PD)(C—z)z(CT)] (=2
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Figure 4.4: Circular State Transition Diagram of the Simplified Acquisition Scheme-
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Equation (4.1) is an enumeration of all possible events leading to the declaration
of detection. Tke first term represents the case of detecting ({ — 1) consecutive
subcodes, all in sequence with the pivot of the search senario (the Pp term outside
the square bracket represents the term corresponding to the pivot subcode). The
second term in the expression represents the case of having again { — 1 subcodes in
sequence with the pivot, but this term includes one subcode not in sequence with
the pivot (and therefore a total of ¢ + 1 subcodes are tested inclusive of the pivot).
The final term in the series represents the case of detecting ({ — 1) in sequence with
the pivot along with (C — () incorrectly positioned subcodes. The combinatorial

term represents the possible distinct cases that lead to such a declaration.

(

Pr | PE12¢T 4 <= PEY(1 — Pp)z(6+UT 4 ¢ P!
C—2 ¢—2
(1 — Pr)?420T 4 (rk-2 PETY(1 — Pp)kGHRIT 4
H,(2) =< ¢—2

C -2

et Pffl(l — Pp)(€-0zCT (>2
C—2

| Pr [Pr2?T 4 Pr(1 = PR)2*T + ... + Pr(1 = Pr)©-92€T] (=2

Equation (4.2) represents the generating function for the declaration of a false
alarm in a particular search senario. The series is identical to the previous expression
for detection except for the difference that the term Pp in equation (4.1) should be
replaced by Prs. The first term represents the case of falsely identifying the pivot,
followed by false declaration of ((—1) subcodes (apparently in sequence with a wrong
pivot subcode). It is important to note that a false alarm means that the maximum
value out of the bank of filters, representing the most probable transmitted subcode

is different from that transmitted.
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Cc-1

Pp |:(1 - PD)C’"1 + ( .

) PD(]. —_ PD)C-2 -+ ...

+ ( ¢-1 ) Pg"z)(l — Pp)C—¢+1)| (CT)

(-2

H3(z) = ¢ (4.3)

C
(1 - P}:‘)C—1 + . ) Pr(1 — Pp)c-'2 + ...

+Pr

C—2
| Pp [(1 = Pp)©1] 2D 4 Pr[(1 = Pr)©-D] 2T ¢ =2

+ ( C-1 ) P§C‘2)(1 _ PF)(C—(+1):I ,(CT) ¢>2

Equation (4.3) is an expression for a missed detection on the search senario
level. This would mean that the number of subcodes detected in sequence with the
pivot within the search senario length is less than { — 1 (excluding the pivot for the
search senario). Upon reflection, it becomes clear that there would be two separate
series representing such a situation, firstly, a correctly detected pivot subcode and
insufficient number of subcodes in sequence with this pivot within a search senario,
secondly, a wrongly declared pivot (a false alarm in detecting the pivot) and again
insufficient number of subcode is sequence with this pivot within a search senario,
leading to a probable false alarm. Finally equation. (4.4) represents the generating

function for the penalty time after the declaration of a false alarm.
Hy(z) = 207 (4.4)

which in a shorter form can be expressed as

Hl(z) = ¢—2 (4~5)

P3 [0 Pieteto] (=2

— 242 . .
Pg [ tc=—0( ( C ) P}z(C+t)T} C> 9
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ol (3]

PR [585? Pi26+9T] (=2

H,(z) = (4.6)

C -1 X . .
i . {PEH)P}.C"_I) + Pe(i + 1)pl()0-‘—1)} AT 59
H3(Z) = 7

[Po P + PePf™Y] 2€T) (=2
(4.7)
and
Hy(z) = VD (4.8)

Using standard signal flow graph reduction methods and the fact that the I-Q

matched filters are similar, the overall generating function can be simplified to

— Hl(Z)
1-— H3(Z) -_ HQ(Z)H4(Z)

H(z) (4.9)

It is important to note that Pp+ Pr4 = 1 and also it can be verified that H(1) = 1.

4.1.1 Mean and Variance of the Acquisition Time

It can be verified that H(z)|._, = 1, and therefore following along the lines of

=1
equation. (2.2) and (2.7), chapter 2, the mean and variance of the acquisition time
can be expressed as

- )
TACQ = 3-;111 H(Z) (4.10)

z=1

(4.11)

\ 82 )
UACQ = EIDH(Z)-FEIDH(Z)

z=1

Using straight forward differentiation and some algebra an expression for the mean

acquistion time T 4cq is give by
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ITACQ + IITACQ + IIITACQ -+ IVTACQ

il — 4.12
Tacg Vineo ( )
where,
[ o« (c—24i )
ITACQ = PECJZ(C'*‘Z)( c—2 )P;:' T
=0 -_
(4.13)
[ o fc—24i) .
Hroq = [PE[Do(C+JT+9) (s Pp| T
=0 o
(4.14)
2 (c_1) )
HIr,, = ( _ ) PP (CT)
1=0 1
(4.15)
<2 (c-1 : .
IVTACQ = ( . ) P;;H ch_t-l) (CT)
=0 1
(4.16)
¢ S ¢-2+: i
Ve = Pp Z Pr (4.17)
| =0 C -2

Similarly the expression for the variance ;g after considerable algebraic

simplification can be expressed as

2 —
UACQ = IO2ACQ + [IaiCQ - IIIO’?QCQ

where the terms I,2 _—IV_ 2
ACQ A

c

— 1V,

TaceQ

+Vor

(4.18)

o do not represent any specific event in particular,

but are an outcome of the simplification involved in the process of evaluating an

expression for the variance, although the last term V2 o is the expression for the
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mean acquisition time.

—24i )
(S (XY ( ‘ ) Pk
2
I"ico (—2+41 g
R Pp
¢(—2 ]
114
oo =11, (@19
S C—1 ) ptt1) pCmi1) | pli+1) p(C—i-1) ¢ | L
I1,=(CT) |} P PR T+ PR Py +TPE|3(C+J +9)
=0 z =0
(—2+1i ) .
Pp
(4.20)
¢-2 C-1 . ; 1 —i-1)]
Ig=1-3 ( : ) [P PP 4 PRI PEY)]
=0 A
cC=¢ (| ¢—2+1 N
—P¢ Pr
! [Z ( ¢—2 ) )
(4.21)
4 Y 2
_ A €—=2+: i
R ( (-2 ) i
[z = e T (4.22)
ACQ C 2+i
I P
A C -2 /
_ IV,
Ivdfaco T IVg (4.23)
-2 ( C—1 i+1 p(C—i—1) i+1 :
Wa=i-cC-nx| =[PP + P P(C —i-1)]
=0 2
—24i )\ .
— P Zi=00‘4(4+i)(§+i—1)(c Z)P;, }T"’ (4.24)
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IVg = Ilg (4.25)
Voz = Tacq (4.26)

ACQ

It is important to emphasize that the expressions from equations (4.1) to equa-
tion (4.26) are important contributions of this thesis to the analytical study of the
proposed scheme. The process of deriving these expressions involves the develop-
ment of a suitable state transition diagram, followed by the detailed enumeration
of possible cases leading to a particular event, and in no way is this a non trivial

exercise.

4.2 Performance in a Rayleigh Fading Channel

In this section we derive expressions for the probability of detection Pp and probabil-
ity of false alarm Pr, in 2 Rayleigh fading environment. The assumptions adopted

in doing so are,
1. There exists only one sample corresponding to the correct phase.
2. All samples are independent from each other.

3. The length of the subcode is large enough so that the correlation of the received

and receiver generated sequence yields zero when they are not in phase.

4. The entire length of the subcode is the uncertainity region.

The transmitted signal is a carrier biphase modulated by a PN sequence and there-

fore the received signal in the fading channel can be expressed as

r(t) = -if:o V2z(t) cos(wot + ce) — V2yk(t) sin(wot + cem) + n(t)

k=-—00

kT.<t<(k+1)T. (4.27)
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where ¢; € {0,1}, zx(¢) and yi(t) are independent zero mean stationary gaussian

processes with variances,
E[z3(t)] = E [4i(t)] = o2 (4.28)
The outputs of the [-Q branches of the I-Q matched filters are

Zr = zT.+ N; (4.29)
Zq = yT.+ Ng (4.30)

where N;, Ng, x and y are independent zero mean gaussian random variables. The
noise components N; and Ng have a variance of o2. There are two cases of interest
in defining the random variables x and y.

Case 1: Signal present (Hypothesis H;): Referring to Figure 4.3, x and y are
summations of ‘M’ zero mean Gaussian random variables that consititute the vectors

(where M represents the length of each of the subcodes),

Xt = (21,%2,T3, e ) (4.31)
VP = (y1,¥2,03 cenene 2 YM) (4.32)
therefore
E[*|H] = M’ (4.33)
E[y’|H] = M5! (4.34)

Case 2: Signal absent (Hypothesis Hg) In this case the correlation of the received
signal and the receiver generated sequence would represent approximately indepen-
dent zero mean Gaussian random variables and hence x and y are summations of ‘M’
independent identically distributed Gaussian random variables each with variances

of o2, therefore

E [c*|Hy| = Mo? (4.35)
E[y*|Ho) = Mo? (4.36)
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The outputs of the I-Q matched filters therefore follow Gaussian distributions. If

G(p,0?) represents a Gaussian distribution with a mean y and variance o? then,

Z|Hy ~ G(0,0%) (4.37)
Zo|Hy ~ G(0,c?) (4.38)
Zi|Ho ~ G(0,03) (4.39)
Zg|Ho ~ G(0,09) (4.40)
where
o2 = M??+02 (4.41)
62 = Mol+a2 (4.42)

Referring to Figure 4.2, the sample ‘W’ follows a x? distribution with two degrees

of freedom, i.e.,

Pw(z|Hj) = exp (——-—) , 7=0,1 (4.43)

202

M

Now the detection probability of the search can be expressed as

(NM/A-1)
] dy (4.44)

Pp = /Ooopw(ylHl) [/:pw(ﬂHo)dz

Substituting equation (4.42) into equation (4.43) we have,

P /oo 1 )| = I 2NM-ld 445
D =)o 33 %P\557) | o 202 507) & y  (445)

where N represents the number of subcodes per Basic code (or the number of

matched filters in the bank of filters). Simplifying the above expression we have

o= svaza b o () [ oo ()] o v
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where o = E—E,f—‘, and represents the SNR/chip, and also Pp + Pr=1.
Performance analysis of the acquisition scheme is performed using numerical in-
tegration of equation (4.45) for evaluation of the probability of detection Pp along
with the fact that Pp+ Pra = 1, and substituting these values into equations (4.11)-
(4.25) for evaluating the mean and variance of the acquisition time for certain values

of the system parameters CLIMIT and normalized threshold (.

4.2.1 Numerical Results and Discussion

e Figure 4.5 (page 92) is a plot of the mean acquisition time T acq as a function
of the SNR/chip (in dB) for different values of the subcode lengths M = 7,
15, 31, 63, 127, 255, 511 chips, CLIMIT= 6, normalized threshold ¢ = 3. The
number of subcodes per Basic code is 6. The chip rate of the PN sequence
is 106 Chips/sec. As is clear from the figure, codes composed of subcodes of
lengths M= 511,255,127 require lower time to be acquired as compared to
codes composed of subcodes of length M=7, 15,31, 63 chips. This reflects that
larger number of search scenarios are required for the latter case as compared
to the former case, and this tends to agree with the fact that more number
of errors could occur in the process of detection (on the chip level) for user
long codes composed of shorter subcodes as compared to codes composed to
longer subcodes. Also it is seen that this difference between the sets of codes
exists for high as well as low SNR/chip but the difference is more pronounced
for low SNR/chip. In the case of M=511, 255, 127 chips the difference in the
value of T acq tends to decrease with higher SNR/chip, and beyond SNR/chip
= —12 dB, the curves almost have the same values. A low value of the mean
acquisition time would reflect the fact that fewer search senarios are required

to acquire the codes as compared to a higher value.
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o Figure 4.6 (page 93) is a plot similar to Figure 4.5 but represents the case for
CLIMIT=6, ¢ = 4. The subcode lengths M shown are 127, 255, and 511 chips.
As is observed earlier, the Basic code composed of longer subcodes tends to
have a smaller value of the acquisition time at low values of SNR/chip. Also
it is clear that for higher values of SNR/chip, the difference in the values of

T scq for all three cases tends to decrease.

o Figure 4.7 (page 94) is a plot of T 4cq versus SNR/chip for CLIMIT=6,( =6
and M=127, 255, 511 chips. As noted earlier the value of T 4cq for M=511
chips is lower than for M=127, and 255 chips for low values of SNR /chip.

o Figure 4.8 (page 95) is a plot of the probability of detection Pp for a subcode
versus the SNR/chip. The figure illustrates the fact that a longer subcode has

a better probability of detection as compared to a shorter subcode.

¢ Figure 4.9 (page 96) is a plot of the mean acquisition time T 4cq versus the
SNR/chip for subcode length M=127 chips, normalized threshold ¢ = 3, 4,
and 6, and CLIMIT=6. The number of subcodes per user Basic code remains
as 6. As is shown, higher values of the normalized threshold { require longer
periods of time to be acquired. The tradeoff becomes clear when it is viewed

in conjunction with Figure 4.10.

o Figure 4.10 (page 97) is a plot of the overall probability of detection Pp_overat
as a function of the SNR/chip for subcode length M= 127 chips and normalized
threshold ¢ =3, 4, and 6, CLIMIT=6. As is seen, a larger value of the normal-
ized threshold ¢ has a higher value of overall probability of detection. Thus
the probability of missing a search senario or declaring a false alarm for higher
threshold values is lower as compared to lower threshold values. The tradeoff
involved is clear: higher values of { (normalized threshold) would have a better
performance in terms of the Overall probability of detection Pp_overan, but

the price paid would be in terms of longer durations of acquisition T acq.
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o Figure 4.11 (page 98) and Figure 4.12 (page 99) are the same set of plots
as Figures 4.9 (page 96) and 4.10 (page 97), i.e., the mean acquisition time
versus SNR/chip and the overall probability of detection versus SNR/chip,
but for the difference that the plots are for the case of subcode length M =255
chips, CLIMIT=6, { =3, 4, 6. As before, it is observed that higher values
of the normalized threshold (, although longer periods of time for declaring
acquisition are required, the usual tradeoff of better performance in terms of

the overall probability of detection is observed.

e Figure 4.13 (page 100) and Figure 4.14 (page 101) are the final set of plots for
mean acquisition time and overall probability of detection versus SNR/chip

for subcode length M=511 chips, CLIMIT=6, ¢ =3, 4, 6.

e Figure 4.15 (page 102) is the plot of the variance 0jso of the acquisition
time as a function of the SNR/chip for subcode lenghts M= 127, 255, 511
chips, CLIMIT=6, normalized threshold { =3. As is seen from the graphs,
the variance of the acquisition time is smaller for the code composed of longer
subcodes, and this difference is more marked for low values of the SNR/chip,

although this difference remains even for high SNR/chip.

e Figure 4.16 (page 103) is the plot of the variance ¢4 of the acquisition time
as a function of the SNR/chip for subcode lengths M= 127, 255, 511, CLIMIT
=6, normalized threshold ¢ =4. Again, it is clear that longer subcodes have a
better performance as compared to shorter subcodes. One difference between
Figures 4.15 and 4.16 is that at high values of SNR/chip, the value of o%¢cq
for all the three cases tend to merge at around —5dB, and then spread apart,
although the marked observation is that they all tend to have almost the same

value of 6%¢ for higher SNR/chip.
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Figure 4.5: Mean Acquisition Time versus SNR/Chip (in dB) in a Rayleigh Fading
channel for subcode lengths (M, in chips) 7, 15, 31, 63, 127, 255, 511, Normalized
Threshold (ZHI)¢ = 3, CLIMIT = 6. The number of subcodes per user Basic code
is 6, Chip rate=1Mchips/sec
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Figure 4.6: Mean Acquisition Time versus SNR/Chip (in dB) in a Rayleigh Fading
channel for subcode lengths (M, in chips) 127, 255, 511, Normalized Threshold
(ZHI)¢ = 4, CLIMIT = 6. The number of subcodes per user Basic code is 6, Chip
rate=1Mchips/sec
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Figure 4.7: Mean Acquisition Time versus SNR/Chip (in dB) in a Rayleigh Fading
channel for subcode lengths (M, in chips) 127, 255, 511, Normalized Threshold
(ZHI)¢ = 6, CLIMIT = 6. The number of subcodes per user Basic code is 6, Chip
rate=1Mchips/sec
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code length(in chips) M=7, 15, 31, 63, 127, 255, 511. The Chip rate =1M chips/sec.
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Figure 4.10: Overall Probability of Detection of user code versus SNR/Chip (in dB).
The subcode length,M = 127 chips, Normalized Threshold ¢ = 3,4,6, CLIMIT= 6
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Figure 4.11: Mean Acquisition Time T 4cq versus SNR/Chip (in dB) for Normalized
Threshold (ZHI) ¢ =3, 4, 6.CLIMIT = 6, Subcode length M=255 chips
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Figure 4.12: Overall Probability of Detection of user code versus SNR/Chip (in dB).
The subcode length,M = 255 chips, Normalized Threshold ¢ = 3,4,6, CLIMIT= 6
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Figure 4.13: Mean Acquisition Time T 4¢cq versus SNR/Chip (in dB) for Normalized
Threskold (ZHI) ¢ =3, 4, 6.CLIMIT = 6, Subcode length M=511 chips
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Figure 4.14: Overall Probability of Detection of user code versus SNR/Chip (in dB).
The subcode length,M = 511 chips, Normalized Threshold ¢ = 3, 4, 6, CLIMIT=6
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Figure 4.15: 04, Variance of the Acqusition Time versus SNR/Chip (in dB) for
subcode lengths M=127, 255, 511 chips, CLIMIT = 6, Normalized Threshold
(ZHI)¢ = 3 Chip rate=1M chips/sec.
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Chapter 5

Summary and Conclusions

In this chapter we recount the salient features of the New Hybrid Acquisition scheme
proposed as a part of the thesis along with the work presented in this thesis.

In chapter 3, we proposed a New Hybrid Acquisition Scheme for CDMA sys-
tems using short concatenated codes. A new concatenated coding scheme was in-
troduced. A detailed description of the scheme and its various parameters was pre-
sented. The possible steps of the processing of the received signal were illustrated
using diagrams. Certain salient aspects of the acquisition scheme were discussed in
the end of chapter 3 and a few are recounted here as they reflect certain subtler
aspects of the proposed scheme.

Brief summary of the Proposed Scheme

e Unlike conventional acquisition schemes, the proposed scheme is the process of
accumulation of sufficient subcodes in sequence with a designated Pivot within

a certain search senario.

e The proposed new technique eliminates the penalty time associated with track-
ing, the latter being replaced by a sequential logic testing that takes less time

and tolerates high multiple access interference.

e The proposed scheme is more robust than conventional acquisition schemes as

104



acquisition is declared based on a set of independent events. This is further
reflected in the fact that upon the declaration of acquisition, the search senario
leading to this may contain a few subcodes that are not in sequence with the

pivot.

e It is not necessary that the entire length of the user long code be searched to

declare acquisition.

Simulation studies of the proposed scheme were performed in the presence of mul-
tiple access interference and additive white gaussian noise (AWGN). Two sets of
detection schemes, the Soft decision detection and the Hard decision detection ,
were used. The scheme was studied for various values of the normalized threshold
¢, CLIMIT=6, and SNR’s of 0dB, 4dB and 8dB. The mean acquisition time and
overall probability of detection were evaluated as part of the performance evaluation

of the scheme.

A set of conclusions based on the simulation studies of the scheme in a multiple

access environment are noted here.

e Simulation studies clearly indicate that soft decision detection visibly performs

better than the hard decision detection for all cases.

e Simulation studies show that the mean acquisition time tends to increase with
an increase in the multiple access interference. This is accompanied with a

corresponding decrease in the overall probability of detection.

e An engineering tradeoff was encountered with the observation that although
higher values of the normalized threshold have a better performance in terms
of the overall probability of detection, longer periods are required for acquir-
ing the user code as compared to lower values of the normalized threshold.
Therefore the value of the normalized threshold { to be fixed would depend

upon the particular application at hand.
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A simplified analytical model of the acquisition scheme proposed in chapter
3 was developed in chapter 4. The assumptions of fixed search senario lengths
and equal contributions of the subcodes detected within a search senario to the
accumulator value, although restricting the scope of the acquisition scheme, help
make the analysis of the scheme simpler. This simplified scheme was studied in a
Rayleigh fading channel. Analytical expressions for the mean (T 4cq) and variance
(0%cq) of the acquisition, and the probability of detection Pp were developed using
state transition diagrams and standard signal flow reduction methods.

The performance of the scheme is studied for different values of subcode length
‘M’, threshold values ¢ and different values of the SNR/chip. A set of observations

made of the performance plots are summarized below.

e In a Rayleigh fading environment, codes composed of longer subcodes tend
to have a lower acquisition time as compared to codes composed of shorter
subcodes. This reflects the fact that the number of search senarios required to
declare acquisition for codes composed of longer subcodes is less as compared

to codes composed of shorter subcodes.

e The difference in the mean acquisition time for subcodes of length 127, 255

and 511 chips tend to decrease at higher values of SNR/chip.

e As before a tradeoff is encountered between the mean acquisition time and the
overall probability of detection for different values of the normalized threshold
values (. Higher values of the normalized threshold ¢, although having a better
performance in terms of the overall probability of detection, require longer
periods of time to be acquired as compared to lower values of the normalized

threshold.

e The variance of the acquisition time tends to decrease with an increase in the

SNR/chip for a fixed value of CLIMIT and (. Also it was noted that the
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difference between the value of 0%¢q for M= 127, 255, 511 tends to decrease

with increasing SNR/chip.

As with the mean acquisition time, the variance of the acquisition time also

has a lower value for codes composed of longer subcodes.

Suggestions for future work

Simulation studies of the scheme for different values of the subcode count limit

CLIMIT and larger multiple access interference can be performed.

Development of the analytical model of the acquisition scheme without the

two assumptions we have made in our analysis of the model.

Study of the analytical model of the acquisition scheme in a Rayleigh fading

channel and in the presence of multiple access interference.

Development and implementation of an acquisition scheme with dynamically
varying parameters (normalized threshold ¢ and subcode count limit CLIMIT).
Information about the amount of multiple access intereference could be trans-
mitted in the signaling channel to the base station, which in turn could be

used to fix the values of ( and CLIMIT for a particular search senario.
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Appendix

Here we include the matlab code that was written for the purpose of simulation
of the scheme in a multiple access environment.

Program : Pivot test.m

% This function tests for whether there are any pivot
% subcodes from the previous tests.(basically the dd==
% of dd==1 condition)
% vy returns the value of dd(either 0 or 1), and x the
% position of the particular subcode.
function [y,x,LPIVT]=pivot_test(z)
for i=1:length(z)

if z(2,i)==

LPIVT=1;

end
end
for j=1:length(z)

if z(2,j)==

y=1;x=3;

break

else

Program: Newtestarea.m
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%This program is the main program for simulation.
%The program calls many functions which have
%different roles to play.
clear AC AC_MEAN LP1 MAX N_FA N_acq PIVCT SUBCT
clear X c¢ del dell del2 del3 £ i j info pivot_pos
clear pt pt2 tau
N1=3;
N2=4;
tau=0;
X=0;AC=0;SUBCT=0;N_FA=0;N_acq=0;N_miss_det=0;NR=0;
load gcode
load gcodel
load gcode2
j=0;info=[];
global pivot_pos £
£=5;
Thresh=55;c=0;pt2=0;
PIVCT=0;
pivot_pos=[];
while j<N1i*N2
for i=1:N1*N2
[MAX,LP1(1,i)]=gmain(t((i-1)*(2"7-1)+1+tau:i*x(2°7-1)+tau));
z1(1,1)=LP1(1,1);
z1(2,i)=test2(LP1,1i);
pivot_pos=pivot(z1,i);
if pivot_pos~=[]
z1(2,pivot_pos)=2;

end
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z1(2,i)=test3(z1,i,pivot_pos);
z1;
MAX;
PIVCT;
if MAX>=Thresh
if z1(2,i)==
PIVCT=PIVCT+1;
else
c=c+1;
end
if PIVCT>CLIMIT
PIVCT=0;
X=0;AC=0;c=0;N_acqg=0;N_FA=0;
if £7=5
£f=2;
else

£=5;

end
else
PIVCT=PIVCT+1;

if PIVCT>CLIMIT
PIVCT=0;
X=0;AC=0;c=0;N_acq=0;N_FA=0;
if £7=5

£=2;

else

£=5;
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end
end
end
if (21(2,i)==1)1(z1(2,i)==2)==
X=X+1;
c=c+2*X;
else
PIVCT=PIVCT+1;
end
SUBCT=SUBCT+1;
AC=AC+c;
AC_mean=round (AC/SUBCT) ;
if AC_mean>=zhi
pt=final_test(z1(1,pivot_pos),pivot_pos);
if pt==
if (z1(2,i)==1121(2,1i)==2)==
N_acg=N_acq+1;
else
N_FA=N_FA+1;
end
elseif pt==0
N_FA=N_FA+1;
end
end
i;
J=i+1;
info(1,i)=AC_mean;

info(2,i)=N_acq;
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info(3,1)=N_FA;

if ((info(1,i)>=zhi)&(pt==1))==1
pt2=1;

break

end Yend of the if condition
end Yend of the i loop.

if pt2==1

break

end Yend of the if condition
end Yend of the j while loop.
z1

info;

Program :Pivot search function

YThe function evaluates the value of f and decides what

% has to be done.
%£f=3:Retain the previous pivot.

%f=5:didn’t find a pivot yet.

%f=2:search for a new pivot from latest detected subcode.

%f=1:search for a pivot from the beginning.

function w=pivot_search(y,i)

global pivot_pos £

y:
f;
if £7=3
if £7=5
if f==
w=1;
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£=3;
pivot_pos=1;
y(2,1)=2;
end
if f==
for j=length(y):-1:1
a=(y(1,)==1) I (y(1,1)==2) | (y(1,3)==8) 1 (y(1,3)==4);
if a==1
break
end
end
pivot_code=y(1,j);
w=j;
£=3;
pivot_pos=j;
y(2,1)=2;
end
if f==
for k=1:length(y)
if ((r(1,K)==1)(y(1,k==2) | (y(1,k)==3) | (y(1,k)==4))==
break
end
end
pivot_code=y(1,k);
w=k;
£=3;
pivot_pos=k;
y(2,1)=2;
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end
elseif y(2,i)==
w=i;
pivot_pos=i;
y(2,1)=2;
£=3;
% end
else
break
end
end
else
w=pivot_pos;

end

Program : Pivot test function

function zl=pivottest(y,i)
hz(1,i)=y(1,1);
if (1, == 1(y(1,1)==2) | (y(1,1)==3) | (y(1,i)==4))==
if i==
z(1,1)=y(1,1);
z(2,1)=2;
z1=[z(1,1);2];
pivot_pos=1
end

end

if(i7=1)
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for k=1:length(y)
if ((y(1,k)==1) | (y(1,k)==2) | (y(1,k)==3) [ (y(1,k)==4))==
break

end

end

pivot_code=y(1,k);
pivot_pos=k

z(1,k)=y(1,k)

z(2,k)=2;

z1=[z(1,1) ;2]
end
if (y(2,1)==0)1(y(2,i)==1)==1
z(1,1)=y(1,1);
z(2,1)=y(2,1);
z1=[z2(1,1);2(2,1)]

end

Program :Sequential subcode detection

function y=pos_seq_det(x)

%This function returns the right sequential subcode
Yiposition that would be required to decide.

%function takes as the input a number which is the

% pivot code positionlreturns a vector with the right
% positional sequence .

global pivot_pos f ;

pos_seq_matrix=[1 2 3 4];
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y=pos_seq_matrix;
else
y=[pos_seq_matrix(:,4-d+2:4) ,pos_seq_matrix(:,1:4-d+1)];

end

Program : Reassign Pivot Code

%this function reassigns the pivot code to the latest
% subcode we could also assign the pivot position to the
% correct subcode closest to the old pivot subcode.
function y=reassign_pivot_code(x)
global pivot_pos;
for i=1:length(x)
if x(2,i)==-1
break
end

end

y=1;

Program : Sequential test function

% The function returns a matrix z with the second row
% of z indication whether the subcode detected is a

% pivotsubcode,correct sequential subcode or

% a subcode not belonging to the particular user.
function z=seq_test(x,i)

N2=4; %The number of subcodes in each code.

flag=0;

hz=01;
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1f((x(1,1)==1) [ (x(1,1)==2) | (x(1,1)==3) | (x(1,1i)==4))==0
z(1,i)=x(1,1);
2(2,1i)=0;
end
if((x(1,1)==) 1 (x(1,1)==2) | (x(1,1)==3) [ (x(1,1)==4)) ==
for k=1:length(x)-1
if((x(1,0)==1) | (x(1,k)==2) | (x(1,k)==3) [ (x(1,k)==4))==
flag=1;
break
end
if flag==1
z(1,1)=x(1,1);
z(2,i)=1;
else
z(1,1)=x(1,1);
2(2,1)=2;
end
end
end
for 1=1:length(z)
if z(2,1)==
break
end
pivot_pos=1l;
end
if rem((i-pivot_pos) ,N2)==0
if z(1,1i)==4;
z(2,i)=1;
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else
z(2,1)=0;
end
elseif rem((i-pivot_pos) ,N2)==
if x==1;
z(2,1)=1;
else
2(2,1)=0;
end
elseif rem((i-pivot_pos),N2)==
if z(1,1i)==2
z(2,i)=1;
else
z(2,1)=0;
end
elseif rem((i-pivot_pos) , N2)==
if 2(1,i)==3
z(2,1)=1;
else
z(2,i)=0;
end

end

Program : Sequential test function

i The function takes as input a vector and returns a matrix
% the second row of the matrix gives information of the
% codes their position etc

function z=test2(y,i)
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global pivot_pos £f;
if ((y(1,1)==1)1(y(1,1)==2) | (y(1,1)==3) | (y(1,i)==4))==0
z=0;
else
if ((y(1,1)==D 1 1,1)==2)1(y(1,1)==3) | (y(1,1)==4))==1
if i==
z=2;
pivot_pos=1;
£=0;
elseif (f==5) Ul (£==2)|(f==3))==
z=1;
h £=1;
elseif f==2
z=1;
elseif f==
z=1;
end
end

end

Program : Test3.m

function z=test3(y,i,p)
global pivot_pos f ;
N2=4;
pivot_pos=p;
if y(2,i)==

2=0;

else
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q=pos_seq_det (y(1,pivot_pos));
if ((pivot_pos==1)&(i==1))==
for j=pivot_pos:length(y)
if j==pivot_pos
z=2;
elseif (rem(j-pivot_pos,N2)+1)==q(1)
if y(1,j)==1;
z=1;

elseif ((y(1,j)==2)1(y(1,7)==3)1(y(1,j)==4))==

end
elseif (rem(j-pivot_pos,N2)+1)==q(2)
if y(1,3)==2;
z=1;
elseif ((y(1,j)==1)1(y(1,j)==3)I1(y(1,j)==4))==1
z=-1;
else
z=0;
end
elseif (rem(j-pivot_pos,N2)+1)==q(3)
if y(1,j)==
z=1;

elseif ((y(1,1)==1)1(y(1,j)==2 1 (y(1,j)==4))==

z=-1;
else
z=0;
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end
elseif (rem(j-pivot_pos,N2)+1)==q(4)
if y(1,j)==4

z2=1;
elseif ((y(1,j)==1)1(y(1,3)==2)[(y(1,j)==3))==1
z=~1;
else
2=0;
end
end
end
else
=2;
end

end

Program : Transmitter

function z=trans()
load gcode

load gcodel

load gcode2
ti=[gl g2 g3 g4l;
y=[t1 t1 t1 ];

z=lyyyyyyyvyyyl

Program : Multiple access Interference

%The function receives the no of users and generates
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random multiple access interference.
function z=multiaccess(x)
load gold_code
no_of_users=x;
rand (’seed’,sum(100*clock))
yi(1,:)=[1 2 3 4];
for i=2:no_of_users
y1(i,:)=[round (50*rand(1,4))];
y1(i,:)=checki(y1(i,:));
end
y=yi;
z1l=check2(y);
[m,n]=size(z1);
for j=1:m
22(j,:)=[g(z1(§,1),:) g€21(§,2),:) gz1(j,3),:) g(z1(j.4),)];
23(j,:)=[22(j,:) 22(3,:) z2(j,:)];
end
z=zeros(1,1524);
for k=1:m
temp=23(k, :);
z=z+temp;

end

Program : Receiver with Bank of filters

% The function receives the signal and feeds it into bank
% of matched filters.
function [t1,t2]=gmain(z)

global gmax;
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gmax=[] ;
thres=63.5;
randn(’seed’,sum(100*clock))
n=2*randn(1,127);
=n+z;
for i=1:127

if r(i)>0

r(i)=1;

else

r(i)=-1;
end
end
gnfili(r);
gnfil2(r);
gnfil3(xr);
gnfild(r);
gnfils(r);
gnfilé(xr);
gmax;
fil_no=0;
max_fil_val=0;
for i=1:length(gmax)
temp=gmax (i) ;

if temp > max_fil_val

max_fil_val=temp;

fil_no=i;

end

end
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ti=max_£fil_val;
t2=fil_no;

%if max_fil_val>thres
% Max_filter_value=t1
% Filtegmainr_No=t2
%end

Program :Funtion returns gold code of 127 chips

%gold.m/

function gec=gold(d)

/“the function returns a gold code of length 127 chips.
load out

cl=outi;

c2=delay(d,out2);

z=xor(cl,c2);

gc=con(z);

Program :Example of a matched filter matched to a gold code of 127 chips

function maxi=gmfili(r)
Ymatched filter
global gmax;

%clear gmax

goutl=

[1 -1 -1 -1 -1 -1 1 1 1 1 -1 1.
-1 1 1t -1 -1 -1 1 -1 -1 -1 -1 1.
-1 -1 1 -1 1 -1 -1 -1 -1 1 1 1

1 1 -1 -1 -1 -1 1 -1 1 1 -1 1



c=goutl;

a=zeros(127);

for m=length(c):-1:1
a(m,:)=[c(:,127-m+1:127) ,c(:,1:127~-m)];
end

a;

thres=63.5;
%randn(’seed’,sum(100*clock));
Yn=randn(1,127);

hr=n+z

“for i=1:127

%“ if r(i)>0

h o r(i)=1;

% else

h o r(i)=-1;

% end

%end

ri=r’;

yl=zeros(1,127);

max=0;

max_ind=0;
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for n=1:127

yi(n)=(a(n, :)*r1);

temp(n)=yi(n);

if temp(n)>max
max=temp (n) ;
max_ind=n;

end
end

yi;

max;

max_ind;

%if max>thres
y2=a(max_ind,:);
maxl=max;

gmax (1)=max1;
%end

Program : Hard Decision on each bit

function r=noise(z)
%function adds noise to the transmitted signal and makes a hard decision bit
% wise.
randn(’seed’,sum(100%clock));
n=randn(1,127);
r=n+z;
for 1=1:127
if r(i)>0
r(i)=1;

else
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r(i)=-1;
end

end

Program : Crosscorrelation function

function y=crosscorr(xi,x2)

%function evaluates the crosscorrelation of two codes that are input.

for i=1:length(x1)

% if (x1==x2)
y(:,i)=delay(i,x1)*x2’;
%end

end
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