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Abstract

Multi-Carrier Code Division Multiple Access (MC-CDMA) is one of the effective
multicarrier transmission schemes for supporting the multiple access communication.
MC-CDMA is a combination of two techniques: Code Division Multiple Access
(CDMA) and Orthogonal Frequency Division Multiplexing (OFDM). It’s compensation
in frequency diversity and multipath fading resilience paid it good consideration, Like the
CDMA system, MC-CDMA is a interference restricted system. Multiple Access
Interference (MAI) is the problem of the MC-CDMA system same as CDMA system.
MAI occur due to the sharing of same channel among multiple users. The Blind 'CMOE
(Constraint Minimum Output Energy) detector is effective to mitigate MALI in the absence
of the Decision Directed Mode. But, in the presence of the channel modeling errors, the
performance of Blind -CMOE detector degrades considerably. In this case, Robust RLS
based CMOE detector with quadratic constraint is good one to come over. In this thesis,
Robust RLS based detector is implemented to analyze the performance of MC-CDMA
system. Further, on the basis of the simulations the performance of the Robust RLS based

Detector is compared with the Blind CMOE detector for the MC-CDMA.
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Chapter 1

Introduction

1.1. Introduction

One of the major deficiencies of the Multi-Carrier transmission is Multiple
Access Interference (MAI); MAI occur from the sharing of same channel between
multiple users concurrently. Multi-Carrier Code Division Multiple Access (MC-CDMA)
is a Multi-Carrier (MC) transmission system. In MC-CDMA, same bandwidth is shared
by the multiple users concurrently and the data division is done by applying the separate
user particular codes. In MC-CDMA, multicarrier modulation is also applied for-
reduction in symbol rate. Its effect reduces Inter Symbol Interference (ISI) for each sub
channel by adding cyclic prefix. The difficulty is to reduce the MAI. Least Minimum
Mean Square Error (LMMSE) detectors are effective to reduce the MAIL

LMMSE detector known as Blind Constrained Minimum Output Energy (CMOE)
detector is effective for the reduction of MAI in the MC-CDMA system [1]. In favorable
condition, the signal to interference plus noise ratio (SINR) is capitalized for the CMOE
detector. Recursive Least Squares (RLS) updating of the correlation matrix is the basis of
the Blind CMOE detection. The efficiency of the blind CMOE detector decreases
significantly in the presence of signal modeling errors such as errors in channel and data
correlation matrix estimation. This was found in adaptive beam forming [3]-[5] and
Direct Sequence (DS)-CDMA m.ultiple user detection [6].

To avoid this reduction in MC-CDMA performance, in [1] a RLS based Robust

CMOE detector also called Robust RLS based detector with quadratic constraint is

Robust RLS Based Detector for MC-CMDA [
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purposed. This Robust RLS based technique improves the robustness of detector
especially for channel modeling errors. In this method, the minimum eigenvector related
to channel information is calculated. For decreasing the complexity in calculating the
minimum eigenvector relevant to channel information, the inverse iteration method is

required to recursive approximation of minimum eigenvector [7].

1.2. Objective

In this thesis Robust RLS Based detector is studied and implemented in Matlab. The
efficiency of Robust RLS based detector is further compared with old Blind CMOE
detector in various conditions. The performance of RLS based detector and Blind CMOE
detector was observed with respect to average SINR, number of data samples. SNR.
average MSE and BER. This helps in making a decision to utilize RLS based detector or
Blind CMOE detector according to requirement. CMOE detector has aptitude to provide
good efficiency by RLS updating of the correlation matrix and the channel is estimated
by finding the least eigenvector of a data associate matrix. But, after the incident of signal
modeling errors, the efficiency of CMOE detector degrades significantly. In the absence
of signal modeling errors, the CMOE detector is the effective one. In company of signal
modeling errors like in approximation of channel and data correlation matrix. the Robust
RLS based detector do better than Blind CMOE detector. The imitations and coding work

was dpne in MATLAB 7.3 and detectors were coded in form of functions.
1.3. Span of Thesis

The understanding of the MC-CDMA system and Blind CMOE detector is very

important before Robust RLS based detector. So, to have the understanding of Robust

Robust RLS Based Detector for MC-CMDA 2
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RLS based detector, the MC-CDMA system and Blind CMOE detector is also discussed.
As Robust RLS based detector needs the understanding of Blind CMOE detector.
Therefore, the study of the MC-CDMA system is given in the start followed by the Blind
CMOE detector. After the detailed study of the Blind CMOE detector, the Robust RL.S
based detector is studied. Later on, the mathematical model for MC-CDMA system,
Blind CMOE detector and Robust RLS based detector has been presented. Finally. MC-
CDMA system and Robust RLS based detectors have been studied and mathematical

equations are derived.

1.4. Thesis Organization

The thesis is organized as follows. Chapter 1 is consists of the introduction,
objectives and span of work. Chapter 2, which is essentially the literature review, it
covers the relevant literature which was studied during thesis. In Chapter 3. problem
statement has been presented and system design of MC-CDMA system and Robust RLS
based detector has been discussed. Chapter 4 presents general algorithm and simulation
results for Robust RLS based detector which are compared with the Blind CMOE
detector. The comparison is followed by the conclusion. In the end. Bibliography section

is added.

Robust RLS Based Detector for MC-CMDA 3
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Chapter 2

Introductory Literature

In this thesis, the RLS Based detector has been applied on the MC-CDMA
system. Therefore, a good knowledge of MC-CDMA system is required before the study

of Robust RLS based Detector for the MC-CDMA can be initiated.

2.1 Multi Carrier Code Division Multiple Access System

The Code Division Multiple Access (CDMA) permits concurrent usage of
identical bandwidth between multiple users by unique user signaturé assigned to each
user that is orthogonal to supplementary user signatures. The Orthogonal Frequency
Division Multiplexing (OFDM) scheme is powerful against the multipath effect and
guarantees high-quality spectral efficiency. The CDMA and OFDM communication
schemes jointly forms the Multi-Carrier Code Division Multiple Access system. The
CDMA and OFDM systems are discussed first for clear understanding of MC-CDMA
system [9].
2.1.1. Code Division Multiple Access System

In case of CDMA, more than one user is permitted to divide a channel or sub
channel by the method of Direct-Sequence Spread Spectrum Signals (DS-SSS) in CDMA
system [8]. Code sequence or Signature sequence which are distinct are allocated to each
user. Every user modulates the data signal by using these code sequences along the
allocated frequency band. The cross correlation with every user code sequence is used for
multiple users signals separation. There is small cross correlation among the above
mentioned code sequences. As crosstalk rise at this point due to multiple users received

signals which should be mitigated [9].

Robust RLS Based CMOE Detector for MC-CDMA
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In CDMA system, the users use the chanﬁel randomly. This consequences more
than one user in total overlie of signals broadcast of numerous users together in frequency
domain as well as time domain. The separation and demodulation of signals at receiver
are done by code sequence which is used for each user signal modulation.

CDMA Signal and Channel Model

Assume K users are concurrently sharing CDMA system. Each user has a distinct

code waveform g, (t)of period7’, where T is the duration of symbol. Hence. code

waveform is

gk(t)=§a,,(n)p(t—n71.), 0<t<T 2.h

The code sequence {a,(n),0<n<L-1}is consist of total L chips with

significances+1.These code sequences are Pseudo Noise (PN), prt) is pulse with
interval T, . The interval of-chip isT.. This shows that each symbol has L chips and

T = LT,

with assumption that X' code waveforms have energy nearly equivalent to unity, i.e.
,
[gidr=1 (2.2)

The p,(0) is the cross correlation which is necessary for synchronous

transmission given by
.
P, (0= [ g(ng,(nat (2.3)
For easiness, the information is transmitted by using the binary antipodal signal.

The & user information sequence is presented as {b, (m)}. Each bit has values:i1.The bits
block are with duration NV . So, the k" user data block is given by

b, =[b,(1)....b, (N)]' (2.4)

The low pass equivalent waveform relevant to it is

Robust RLS Based CMOE Detector for MC-CDMA
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s (0)=+J&, 3 b, (Ng, (1 —iT -7,) (2.5)
i=l

Where, signal bit energy is¢&,. The aggregate signal of X users is represented as

st)=) e, >.b, (g, (t =T ~1,) (2.6)

where are the transmission holdups with values 0<z <T. In synchronous
transmission r, =0 forl<k<K.

The dispatched signal is supposed to be abused by AWGN. The received signal

after AWGN corruption is

r(t)=s()+n(t) (2.7)
where s(?) is same as above and n(t) is the noise having the power spectral density% N,.

Synchronous CDMA Receiver

b (t) R 4
—-»é———; 5( Jat / :
g,(1)
Lo, / r'.Z
Ly tat — >
N Compute the
correlation
r(t) h matrices and
—¥ ] —_—P
] ° select the >
[ ] [ ] H ]
. . signa
corresponding
r to the targest
———-—-—‘:,—-v metric
g (1)
—’é)——' L v / T
- sample at t = nT

Figure.2.1 Receiver of synchronous CDMA broadcast system

where the received signal r(f), the code waveform of every user is g,(/) and the

correlation matrix is

Robust RLS Based CMOE Detector for MC-CDMA
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() = ﬁ:\/Zb,,(t)m(t), 0<t<T
k=1

The probabilistic log detection function is merged by maximum-likelihood receiver. This
is presented in form of correlation matrix
c(r,:b,)=2b,r, - b,R b,
where the correlation matrix R, has components p, (0) and
r, = [rry....r, 1
by = [\J&,b,(1)...\[E, b, ()]

There possible available bits in information sequence are 2" . The computation of
correlation matrix is done for every sequence and the sequence with largest correlation
matrix is chosen. The complexity of CDMA system rises exponentially with the increase
in users.

2.1.2 Orthogonal Frequency Division Multiplexing System

A unique frequency slot is allocated to every user in OFDM. Each user is allowed
to modulate the information or data signal across the assigned frequency band only.
These frequency slots are distinct to each other.

The stream of serial data is split to a parallel number of channels after moving
through the Serial to Parallel (S/P) converterr The N  channels of
frequencies f, f},....... s fosh hasN modulators because every channel data is applied in
such a way. The separation between the channels isAf. The whole adapted bandwidth
W of N channels is NAf .These N adapted carriers are compositely giving the OFDM
signal [9].

OFDM Signal and Channel Model

Suppose a communication system that modulates on the basis of multi-carrier.

This system transmits N_source symbols S,,n=0,...,N_~1which are complex valued

[9]. These source symbols are parallel after transmission on N_sub-carriers which can be

Robust RLS Based CMOE Detector for MC-CDMA
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acquired by source and channel coding, interleaving and symbol mapping. The source

symbol interval isT,. After S/P transfer the OFDM symbol interval is

T =NT, (2.8)

sz C

The subcarriers have the separation of g =1 for attaining the orthogonality
R T

between the signals on these subcarriers by using the rectangular pulse shape. These
adjacently transmitted symbols are OFDM symbol. The complex envelop by rectangular

pulse shaping is

x(t)— ZS b 0<t<T, (2.9)

‘ n=0

The N, sub-carriers frequencies are placed on

The Inverse Fast Fourier Transform (IFFT) or Inverse Discrete Fourier Transform

(IDFT) could be used for applying the multi-carrier transmission in OFDM system. The

complex envelop x(¢) sampling of single OFDM symbol at rate Of}]‘- The samples are
o

presented as

N.~)
v=_l_z /Znnv/N =—L yosrea N—] (2]0)
N,

3

XN €

where x, is sampled sequence resulted from the IDFT or IFFT of the S, .
The increase in subcarriers results that the interval OFDM symbol 7 grows larger

as compared to period of impulse response 7, of channel which reduces Inter Symbol

max

Interference (1SI). For complete prevention of the ISI, the guard interval of period

T >r__ is placed among OFDM symbols close to each other. The recurring addition of

I max

Robust RLS Based CMOE Detector for MC-CDMA i)
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every OFDM symbol for guard interval is gotten by expanding the OFDM symbol
interval to

¢

T =T +T Q.11

g

The modeled OFDM succession including guard interval is

N .-
xv =_1_ZS"ej2lrnv/N¢-, v=—Lq’ ..... N‘,—] (212)
N- n=0 ‘

¢

This succession need to passes along a converter which is Digital to Analog
(D/A). The final waveform x(¢) is with augmented interval T . After that RF conversion.
transmission of signal to the channel is done.

The RF back conversion gives received signal waveform y(t). The convolution of

x(¢) with channel impulse response A(z,t) including the noise gives the y(r) .
W) = [x(t-0)h(z,0)dr +n(D) (2.13)

The frequency domain received symbol R, is also represented
asR,=H,S +N,., n=0,......N_-1 (2.14)
Basic Multi-Carrier OFDM transmission system

H N,
So 0 0 Ro

—>» S/P . PIS [—

Figure.2.2 Basic Multi-Carrier OFDM transmission system

Robust RLS Based CMOE Detector for MC-CDMA 11
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The source symbol is's,” N_x N _channel matrix is H and the additive noise is N,

The vector of received symbols r resulted following the inverse OFDM is

r=(Ry,R,..R; ) (2.15)
is gotten via
r=Hs+n (2.16)
where
[H,, 0 |
0 H,, 0
H=
L 0 0 H\‘x LA, -
and
r
s=(S0.8,.. Sy )
and

n=(N, N, ...V, )

2.1.3 Detailed Multiple Carrier Code Division Multiple Access System
Since the focus is on MC-CDMA system, it should be discussed in detail. The
signal structure of MC-CDMA is described first [9].

Signal Structure

According to the previous discussion in chapter, MC-CDMA combines the
CDMA with OFDM. Each direct sequence chip modulating the data symbol is drawn on

a distinct subcarrier. Therefore, the spread data symbol chips are sent equivalently on

Robust RLS Based CMOE Detector for MC-CDMA ‘ o
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distinct subcarriers of MC-CDMA system. The concurrent active users are K in MC-

CDMA transmission scheme.’

Sék)
da® Spreader | s | S/P . OFDM o
(k)
¢ Converter *
55

Figure.2.3 Signal generation through multi-carrier spread spectrum

The figure 2.3 illustrates one complex valued data symbol d**' is allocated & user
spread by muiti-carrier spectrum. The symbol rate of serial data is 1/7,.

For simplification, the generation of MC-CDMA signal is focused pro one data
symbol for each user. The complex valued data symbol d“’is multiplied with user
precise spreading code

e = (cf el e (2.17)

The length of spreading code is L = P,. Before S/P alteration, the serial spreading

(k)

code ¢'*’chip rate is given by

(2.18)

&'\]|h‘

1
T,
This chip rate is L times larger than rate of data symbol1/7,. The vector form of complex

valued sequence spreading is

13
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3 ky (4 k & kN
st =dWe™ = (8,80 ., S (2.19)
The components s’ modulation on subcarriers adjacently results in multicarrier

spread spectrum signal. If subcarriers N, of an OFDM symbol is equivalent to length L of

spreading code, the OFDM symbol interval with multicarrier spread spectrum including a

guard interval as well is
T,=T,+LT, (2.20)
Tg is guard interval, length of the spreading code L and the spreading chip is 7. One

data symbol per user is sent on each OFDM symbol in above discussion.

Downlink Signal

The OFDM operation in synchronous transmission is performed after adding the
spread signals of total K users. The K sequences s assignment result in sequence given

by

Another downlink presentation for s is

o
19
19
~

s =Cd (
where

d=(d®,dM,..,d*"

There are total K users transmitted symbols in vector d. The spreading matrix C is

Robust RLS Based CMOE Detector for MC-CDMA
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)
d | Spreader
c(o)

[ ]
e

. T\ S S/P . OFDM
N

Converter

d*™| Spreader
c(K“l)

Figure.2.4. MC-CDMA Downlink transmitter

MC-CDMA signal for downlink attained after sequence s processing in OFDM block by
2.9)

1
N,

N, -1
x()=—> S, 0s1<T,
n=0

Suppose all the echoes are sop up because of long enough guard interval. Hence
inverse OFDM and de-interleaving of received vector transmitted sequence s is
r=Hs+n=(R,R,,...R ) (2.23)
The L x L channel matrix is H and the noise vector n has length L. the r is set to the data
detector for getting hard or soft estimation of the spread data. In multiuser detection, the
system matrix A is utilized rather thaﬁ H. So (2.23) can also given as
r=Ad+n=(R,R...R ) (2.24)
In addition to system matrix A is

A =HC

Robusi RLS Based CMOE Detector for MC-CDMA
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Uplink Signal
The MC-CDMA signal is resulted following processing of succession s'*' in the

OFDM block by (2.9)
N =1

¢ n=0

in uplink. The inverse OFDM and frequency de-interleaving of acknowledged vector of

(k)

the broadcasted successions s’ is given by

K-

[
9
wn
~

H%s" +n=(R,R,..R ) (2.

r =
k=0
H® consists of the sub-channels coefficients allocated to user k. The requirement is to

suppose the uplink synchronous for attaining the high spectral efficiency of OFDM. The

vector r is fed to the data detector for getting hard or soft estimate of the transmitted data.

The system matrix is A =(a,a'"....,.a%") comprises of K user specific vectors

(k) _ py), (k) _ (k) (k) (k) (k) (k) thy\T o)
_a =H"¢ —(Ho,oco ’Hl,l G ""’HI,-I.I,-ICI.-I (2"'-6)

Spreading Codes

There are a number of spreading codes that are capable for the downlink and
uplink signals transmission. The synchronous and asynchronous transmission have the
different spreading codes. The Walsh codes are utilized in our MC-CDMA transmission

system.

2.2. Multiple User Detection
There are two types of multiuser detection
1- Optimum detection
2- Sub-optimum detection

The brief description for both of them is as following:

Robust RLS Based CMOE Detector for MC-CDMA
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1-Optimum detection:

In this detection scheme, the most probable sequence bits such that

{b,(n),1<n<N,1<k<K} over received signal r(t) detected for time duration

0<t< NT +2T [8]. This technique utilizes the a posteriori (MAP) principle or maximum
likelihood (ML) principle. Some of the good Maximum likelihood optimum detection
techniques are Maximum Likelihood Sequence Estimate (MLSE) and Maximum
Likelihood Symbol-by-Symbol Estimation (MLSEE).

One of the good optimum multiuser detection methods is the Maximum
Likelihood (ML) Detection. The two ML techniques are briefly described here. First is

Maximum Likelihood Sequence Estimate (MLSE) [8] that guesses the transmitted data

sequenced = (d”,d"",...,d*")" . The second is the Maximum Likelihood Symbol-by-
Symbol Estimation (MLSEE) that guesses the transmitted data symbol d*’ [10]. The
conceivable transmitted data symbol vectors ared,, # =0,..,M* -1 M*is the number
of the conceivable transmitted data symbol vectors and M is the number of possible

realizations of d**.
2-Sub-optimum Detectors

The intricacy of the optimum detector gives the rise in power of integers on
increasing users [9]-[10]. But, the suboptimum detectors are less complex than optimum
detectors that arise linearly by increasing users.

One common sub-optimum method for detection is Block Linear equalization.
The block linear equalization needs information of system matrix A in detector. There are
many ways for using system matrix A for data detection in receiver, i.e. MMSE Block
Linear Equalizer, Linear Minimum Mean Square Error Block detector etc. The LMMSL

Block detectors are used in this thesis. Therefore, the LMMSE technique is discussed | 1].

Robust RLS Based CMOE Detector for MC-CDMA 17
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Linear MMSE Block Linear Equalizer

The MC-CDMA transmitter modulates the unique data stream through dissimilar
subcarriers by a given spreading code in frequency domain [9]-[10]. Each subcarrier has
dissimilar amplitude levels and phase shifts in the frequency selective fading channel.
This reduces the orthogonality between users and produces MAL. The received sequence
have to equalized by utilizing single tap equalizer for each subcarrier to induce for the
amplitude and phase distortion effected by mobile radio channel after Fast Fourier
Transform (FFT) and frequency de-interleaving. To induce for MAI, MMSE principle
pertained separately to attain improved efficiency. LMMSE detection uses MMSE
principle applied for each user which results in high-quality efficiency.

In LMMSE detection, the mean square error is minimized between transmitted
symbol b, and estimated symbol bk . Suppose optimal weight vector be
w/ =ww,,. .. wN] ' (2.32)
The size of b, is N and overal weights in#, are N. The ¥* user predictable symbol is
given as
b;:W,"'R=Cf_'HR (2.33)

The spreading code of user & is C, H is impulse response and R is received vector. The
weight vector W is calculated in different ways in different MMSE algorithms. In next
section, W for Robust RLS based detector is discussed.
2.3 Robust RLS based Detection

We will formulate a robust RLS based detector with quadratic constraint that is
based on the Constrained Minimum Output Energy detector [1]. The efficiency of the
regular CMOE detector decreases in company of channel and data correlation matrix

estimation errors. This insufficiency was detected in adaptive beam-forming [3]-|5] and

Robust RLS Based CMOE Detector for MC-CDMA - T ]
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Direct Sequence (DS) CDMA multiuser detection [6]. In Robust RLS based Detection,
the CMOE detector is prepared more robust beside above insufficiencies. As Robust RLS
based Detection is based on the CMOE detector, therefore a good knowledge of the
CMOE detector is required. We will first discuss the CMOE detector and than Robust
RLS based Detector.
2.3.1 CMOE Detection

The Recursive Least Square (RLS) updating of correlation matrix is utilized in it.
The channel is guessed after calculating the least Eigen-vector of data sub-matrix after
calculation of the correlation matrix. Therefore, here is the need to summarize the RLS
algorithm first. |

2.3.1.1 Recursive Least Square Algorithm

[11] RLS algorithm is modeled such that least squares estimation of tap weight
vector of filter at iteration n—1be utilized to compute renew approximation of vector at

iteration n on influx of new statistics. The RLS algorithm is as described below.

Initialization

A

w(0)=0 (2.34)
PO0)=5"1 (2.33)

The procedure for the initialization process of RLS is given above. where

is the small positive constant for the high SNR }
d =| isthe large positive constant for the low SNR {
)

2

w(0) be the preferred tap weight vector on first iteration and P(0)is inverse correlation
matrix on first iteration. Thed be regularization parameter which is positive real number

and the Identity matrix isI .

Robust RLS Based CMOE Detector for MC-CDMA
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From here, each immediate is computed for intervals, n=1,2,3,...

Gain Vector
z(n)=P(n-1)u(n) (2.36)

_ z(n) 5
k) A+u(n)x(n) (2:37)

k(n)is M-by-1 gain vector. The gain vector value is updated byk(n) Ais positive

constant with value less than one.

Filtering Operation

§(n)=d(n)—wﬁ”(n-l)u(n) (2.38)

~H
The priori evaluation error &(n)assist in filtering process of algorithm. w (#--1)u(n) is

desired response d(n) estimation.

Adaptive Operation
\;'(n):\;'(n—l)+k(n)<,"(n) (2.39)

The preferred tap weight vector W(n)presents adaptive process for RLS algorithm,
where the tap weight vector updating by increasing its previoys value by total equal to

product of complex conjugate of apriori channel approximation error &(n)and timely

changeable gain vector k(n).

Inverse correlation matrix
P(n)=A"P(n-1) - A"'k(n)u” (n)P(n-1) (2.40)
The inverse correlation matrix P(n) assists for allowing personal updating of gain vector.

Now, the CMOE detector is formulated.

Robust RLS Based CMQE Detector for MC-CDMA



Chapter 2 Introductory Literatire

2.3.1.2 CMOE Detection and Channel Estimation

Generally, “The CMOE detector minimizes the variance of the receiver on the
whole output by keeping preferred signals with the gain equal to unity”. The subscript
will be fall from signal model in MC-CDMA system model for covariance. The preferred

user is zero. The functioning of CMOE detector is following:

Weight optimization
w, = (dg (MR} (m)dy(n))'R; (n)d,(n) (2.41)
The solution to (2.41) is constraini optimization problem given by [12].d,(#)is
the effective signature waveform of the desired user given as |
d,(n)=C,h,(n)withC, = diag[C,,,Cy,,....,Cy, _,]

with h,(n)is the impulse response of desired user. R, (n)is the covariance matrix given

as

R,(n)=AR (n-1)+y(n)y" (n) (2.42)

The value of the forgetting factor is 0<A<1 and y(»n) is baseband MC-CDMA signal.

Minimum Output Variance

The minimum output variance of detector can also presented as [13]

P,..=W,R (n)w,=(d; (mR; (n)d,(n))" (2.43)

Effective Signature Waveform Estimation

The maximizing of (2.43) with respect tod,(»)results in estimate of effective
signature waveform. The result is that the signal gears at the receiver output are
maximized later than the interference repression. The effective signature waveform

approximation equation is
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do(n) = arg T(in)d;'(n)R;'(n)do(n) (2.44)

Channel Impulse Response

Let g,(n)is the channel impulse response of first user with L paths. The impulse
response of g,(n) is hy(n)=F, g,(n) of first user (desired user).F,is matrix with
dimensions M x L . The values of F, is given by

(F,),, =exp(-2=((P, + p)D/(M)),m=0,...M -1,1=0..... L -1

The reduction of the waveform estimation equation is given by

f;ro (n)=arg ~min g;(n)Qg,(n) (2.45)

By (")icl.”
where
Q = FmH C (’; R ;' (n)C ,F

A

The channel estimation g,(n)is associated with the smallest Eigen-value of

the Q e CH¢ .

Eigen Value Computation

Many methods exists to find the minimum Eigen-vector of ©, like Singular Value
Decomposition (SVD), Eigen-value decomposition (EVD) etc. But it is difficult to pursue
the preferred eigenvector of Q. But here, the inverse iteration method is utilized calculate
the minimum Eigen-vector of the matrix 2.

Inverse Iteration method

The inverse iteration method is used since of its little complexity and good

tracking performance [6]. The inverse iteration method is

Robust RLS Based CMOE Detector for MC-CDMA
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Initialization: g(0) :
Q(n)a(n) = é(n -1); LU decompositiontogeta(n)

é(n) =a(n)/||a" (n)a(n)|"*; Normalization

2.3.2 Robust RLS based Detector

As discussed before that CMOE detector minimizes the overall variance of the

receiver output. The solution of weight optimization for the CMOE detector is achieved
very rarely. Firstly, the estimated ao(n) contains errors, i.e., <~10(n)¢do(n). Next, the

estimated covariance matrixR  (n) is to be getting from a limited observable data. The

CMOE detector degrades in the presence of the signal modeling errors due to these two
factors. Therefore it is necessary that the CMOE detector must come over these
deficiencies. To overcome these deficiencies a quadratic constraint is forced. How it is
forced is given below.

Quadratic Constraint

The quadratic constraint is forced on the norm of the weight vector w
wiw < T, (2.46)
The theme is that the weight vector w is not allowed to be too big because the
desired signal is badly affected by the model errors.

Diagonal Loading

The way of forcing the constraint on the weight vector w given above has the

same result as adding diagonal loading of the data covariance matrixR , [3].

w=[d; (R, +8IL,,.,,)"'d, ' (R, +BI,, ) "'d, (2.47)
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There is no fine way to load £ with closed expression. An adaptive algorithm to

compute the diagonal loading S given with a quadratic constraintT; is used [1]. Here the

need is guarantee that the constraintw " (n)d ,(n) = 1 .

Projection

The above assurance is given by defining the
W, (1) =do(n)(dy (n)d,(n)” (2.48)
The w,(n) vector helps to venture the received signal vector on to the constraint

subspace. A fair value for the constraint is

Ty =1.5]lw (m)]l

Weight Updation

- “H
w=(w=-v)/(I-rgw w) (2.49)

The derivation of weight updation equation (2.49) involves the Taylor series. The
Taylor series is discussed here briefly and discussion about the weight updation with its
components will be shown in the next chapter.

2.3.2.1 Taylor Series

Taylor series expansion of a function is about a point [14]. A one dimensional

Taylor series is an expansion of the real function f(x)about a point x==a is given by
al +(3) (1) A
f(x)=f(a)+f'(a)(x-—a)+-f—§(—"—1—)-(x—a)2 +f—§T(Q(x—a)"' +...+4f——f—a—)(.\'~ a)' +...
! ! n!

(2.50)

The Theorem states that “Any function satisfying certain condition can be

expressed as Taylor series”
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3.1 Introduction to proposed system
Due to interference limitation in MC-CDMA system, it is alert to the multiple

access interference (MAI). The MALI arises from the sharing of the same frequency band
among the multiple users. It is essential to conquer the MAI for well performing MC-
CDMA system. The LMMSE detectors are projected to be the effective in MAI reduction
[15]-[17].

The task is to study RLS based detector for the MC-CDMA system in which MAI
is mitigated in the company of the signal modeling errors. The Robust RIS based
Detector is based on ordina_u'y CMOE detector for the MC-CDMA. As our purposed
technique is for the MC-CDMA, therefore the sequence of the description for this chapter
is as follow: “Firstly, a brief problem statement is given. After that a special attention is
paid to the MC-CDMA system model. In the end, the system model of the Robust RLS

based Detector for MC-CDMA system is given™.

3.2 Problem Declaration

As in MC-CDMA system, same frequency band is used by the multiple users
concurrently. Due to this, the Multiple Access Interference (MAI) occurs. MAI
minimizes the data rate and channel efficiency. The target is to study such a MC-CDMA
system that mitigates the MAI in the company of the white Gaussian noise as well as
signal modeling errors. In the absence of the signal modeling errors the ordinary CMOE
detector for the MC-CDMA system performs better [1]. But, when the signal modeling
errors take place, the proposed Robust RLS based Detector for MC-CDMA is efticient

than the regular CMOE detector for MC-CDMA system [1].
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3.3.MC-CDMA System Model
Let a K user synchronous MC-CDMA transmission system. In the system, the
uplink transmission is to be taking place from the terminal user to base station. The figure

3.1 illustrates the block diagram of the MC-CDMA transmitter.

k
S

uf
i y T
0, um Sir \V/
% .

s ‘ +/ (M-} 'S{*""“"L)
.

Data
Strea_’m L=rr IFFT o P/S Add
S/IPp Pl—> o . L
Cyciic
* °
Prefix
k 3
° ut S;)
.
°
ic{i
: k
P . Uyp sty
° PRy
[ 3 ] .
C, o
2
k J
? Uppg Spag l
k .
Crar
From other Channel

MC-CDMA Users

Figure.3.1. The Transmitter of MC-CDMA system

All the data streams given below are for the time interval. The 1% user
data stream is
b' (i) = [by(i), b (i), by (i), ... b, ()] (3.H

The 2™ user data stream is
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b? (i) = (b, (1), b2 (1), b2 (D), ..., b}, ()] (3.2)
Correspondingly, the P* user data stream is
b" (i) =[b, (D), 5 (1), by (1),.-..b, (1)) (3.3)
Total K users data stream is
b(i) =[b' (i), b* (1), b’ (i),...,b* ()] (3.4)
The K user data stream is changed to P similar data sequences b(i)at the i
time. Let T and T, be the symbols period prior to and later than the serial to parallel (S/P)
conversion. However, 7, = PT . If symbol period T, at subcarrier is longer as compare to
channel multipath holdup spread, than each subcarrier almost practice flat fading.
Suppose the user spreading code isc, =[c},c/,....c},_, ] . k=0,...K 1. ¢, is used
for spreading the output of the each user after the S/P conversion. The data chips are

changed to M subcarriers after S/P.

The 1* user output modulated with c, is

b;(i)[c(l)scnl, CM 1] -—[bco, Clls bch 1]
b,'(i)[c"),c,l,...,cM_,] = [, Cosblcul’ bl'CM~l]

b,’:_l(i)[cé,cl', +Car - g _[b 1Co»b pl Clsmn b‘ Cya)
The ¥* user output modulated with ¢, is

b (ef,ck,...,ek 1T =[bfch bk l", bk 1T
bl ck,ek,...;ck 1T =[bkck bkek,. . b} LM_l]

l(l)[CO’Cl yeresClig _ I]T—[bp lcg’b: i bz—l“,{/-l]r
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The separation among consecutive subcarriers is frequency Af =1/7,. The upper
limit of frequency diversity is achieved by sending the data bit bl‘; on the subcarrier with
frequencies f, + (p+ mP)Af,m=0,...,M —1. The resultant chips are N = PM . These are

u, (i) = [b) (el b (), ..by (Def,_ bf (D) b (i)l ..
Bl ()ey s by (i)eg by (el bh_ (Dey ) 4 (3.5)

Suppose u, = b;c, . Equally, u,,,, = b,c, . So it can be written

1,0 ] T
u, = [uO’uO+p""’uO+p(M—l)]

I 1 T
u, = [ul-ux+p.~“-’u1+p(m~|)]

1 _ ol | | 7
up—l - [up—l’u2p+l""’up(M—l)]

Correspondingly,

P, PP " r
u, =[u, ’u0+/7""’u0+p(M—|)]

P o_ 1, P P P T
u, =[u ,uHI,,...,u,ﬂ,M,_,,]

Id

4 7
p-l ]

u pOM =1)

_ I 4
=, sy gy

The data vector with dimensions N x1 is

ul .
k k k ves k ses k k ves
‘ u, UgsUosps ' sUoupiar-tys s Uy Ui ps |
ub =] = ) \ \ \ (3.6)
: sUpeppr -y s Up s Uap_ysm 5 Upy, N
k
U,

u, (i) is than modulated by Inverse Fast Fourier Transform (IFFT). The IFFT of k

users results in data samples at i time are

s, () =Fu, () (3.7)
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F, e C"*"is fourier matrix utilized for Inverse Discrete Fourier Transform (IDFT). The
(u,v)™ component is exp(j2zuv/ N)/ N . The I* component of & user at the /* time is

IR
2 J-=

= 2]_,, j’ by (iYeqe'di

sy (i) = upe’'di

= _ir bl (iye™ di
2x o

k
— c(l
= o= (3.8)

Correspondingly, s/ ,...,s},,_ can be computed. The s*(i) vector is given by

So (1) S0 p (s eees Spiag—i, (D)5
s ) =1 55 s 80 p (Dsevn Sph pag oy (s (3.9)

K . K . X .
sesy S/z..| (1)" s,‘!P—l (1)7"'7S/>M_| (1) Nl

Hence, the explanation given above can be used to derive (3.7).
This user signal has been transmit through a frequency selective channel with L
paths. The channel is presented by (L-1)" Finite Impulse Response (FIR) filter [18]. The

channel has impulse response
l.-1
B ()= g, (N8(t-1,,) (3.10)
1=0

Where k is user indicator and g, ,(r) is /* path gain. The g, (1) is autonomous zero mean
complex Gaussian random process that has varianceof,,. The delay spread of /* path

is7, . The power wait profile is the followero;, (I =0,...,L~1).

At the same time the Inter Symbol Interference (ISI) also occurs. So. the
elimination of ISI is essential at the same time. To get rid of ISI, a cyclic prefix of

samples N, is further to every symbol, where N, > L—1. The MC-CDMA signal is

transmitted to the channel after that.

Robust RLS Based Detector for MC-CDMA 31



Chapter 3 Design
The figure (3.2) shows the receiver for MC-CDMA system.
L i (T)
Channel |, Yr+1 Q) »(7)
A [ <
' Estimation <« L
@] . ¢ FAG)
4_'— «
Detection D) ¢ Rx
. . ° . .
° . [ Reamange . FET ° S/P
* ¢ ¢ * r(‘l‘) Remove
< Cyclic
Prefix 1)
Yp(7)
Channel Yap(T) ) B
[;k WD) Estimation | . }:’M“(T) -
' and . Yind(D)
Detection Ay,,M (‘[)

Figure 3.2. Receiver for MC-CDMA system

Suppose that channel is constant during MC-CDMA symbol. At the receiver, the

signal is sampled at rate of (N + N, )/T,. The received signal for K" user at r/h sample is

;k(T) = Ihk(t);k(f—l)dt+q

L-1 H
= (¥ ge(t)6 (=1, )sutt~Ddrn (3.11)
1=0
So, the baseband signal received for ¥ user on zth sample
A L-]
n(r)=z,/Pkgk‘,(r)s,((r—l)dt+n,( (3.12)
=0
Robust RLS Based Detector for MC-CDMA 32
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r,, =t and J'J(r -1, ,)dt =1. The received signal on r¢h sample is

A K=1n
r(r)= Z r(7)

K=11-1 A A
=35 JP g, ()se(r ~Ddt +n(r) (3.13)
k=0 /=0
11(r)=[77l n - nk]r refers to the white Gaussian noise that has zero mean and

varianceo?, g, ,(r) is for complex envelop on i path, si(r)e C*™ N, =N+N,_ is

the broadcasted signal vector along with cyclic prefix, the chip energy P, is taken equal to

! in implementation.

Suppose time and frequency harmonization is achieved on receiver and ISl is

mitigated with condition ¥, 2 L -1. All samples relevant to cyclic prefix are removed.

Therefore, the harmonized r¢h MC-CDMA symbol after eliminating cyclic prefix is
K-l .
r(r)= Y JBG, (28, () +n(r) (3.14)
k=0
with

A A T
s, (1) = [sk (tN,, +N)....se(TN, , + N, ~ l)] ,

R R T
n(r)= [n(rN,,,, +N,.),...,n(zN,, +N,, - 1)} .G, (7) is the Toeplitz matrix like

(g0 0 0 .. g,
&, &o 0 . &
8ir 8ii &ko - 8k
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(If entire elements on main diagonal of the matrix are same and the elements on
whichever diagonal similar to the major diagonal are also like, than matrix is called
Toeplitz Matrix).

In the end, the fast FFT with size N is executed on receiver. LetF € CM"is
Fourier matrix. exp(—j2zuv/N)is(u,v)thcomponent of F The baseband signal in

frequency domain in matrix form

y(r)=Fr(r)

=F [Z JEG, (), (r)+n<r>J (3.15)
k

(=0

sk(r);‘:_l;—l_’ u,(r) and n(r)zlﬁx n(r). G,(r)is Toeplitz matrix described

previously. H,,(r)=diag[h,,‘o(r),...,hk_,v_l(r):l moreover

L=
b (t) =) g ,(r)exp(-j2x(nl)/N), n=0,...N -1
1=0
It can be written as

/-1 .
Bi(r) = g (t)exp(-j2x(nl)/ N), n=0,.,N —1 (3.16)

/=0

hi(r),h!(t),....h} _, canbe computed from (3.16)

B(D)=Y gl ()exp(-j27(O))/ N) = Y g} (r) (3.17)

/=0

B (o) = 3 gh(e)exp(-j2xl/ N)

I=0

1 -1
Ry (t) =D g/ (t)exp(-j2x(N ~1)I/N)

/=0
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Because G, () —=2— H, (r) .Therefore, the equation (3.15) can be written as

y(f)=2\/7’:H‘.(r)uk(r)+n(r) (3.18)
k=0

5

n(7) is white Gaussian noise having zero mean and variance o, .

Consider, every user transmits the p'h data stream. The M xldata vector

r . :
y, ()= [yp(r),y,,+p(r),...,y,,w_l)+p(r)] corresponding to ] is

y, (@)=Y JP.C,h (2)bt ()40 (7)

k=0
K-

=S JRd\ (@b (r) +,(7) S (3.19)
k=0

b (2) = (R (2), A5, , (T Bpg g, ()Y is channel coefficient on subcarriers (Pm+ p)th.
C, =diag{c}.c},....c},,} is code matrix , d% (z) = C;h’ (1) is the effective signature of

user k and n (7)is the white Gaussian noise with zero mean and variance .

3.4. Robust RLS based Detector
As CMOE detector diminish variance on the whole at receiver output. The
optimal weight solution of CMOE Detector is given by
w, = (d, (MR (n)d,(m) 'R (n)d,(n) (3_.20)

This solution of weight optimization is attained very infrequently. Firstly, the waveform
form estimation equation have errors, i.e., d,(n)#do(n). The other thing is that

estimated covariance matrix R (n) is attained from a finite observable data. Therefore, in

realistic applications the adaptive weight vector is given by

] -1

w, = (do (m) Ry (m)do(m)™ Ry (n)do(n) 3.21)

L
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The efficiency of CMOE detector decreases in the company of signal modeling errors

because of above two issues. Therefore it is required that the CMOE detector should over

come these deficiencies.

To overcome these deficiencies, in Robust CMOE detector also known as Robust

RLS based detector a quadratic restriction is forced [1]. The quadratic constraint is forced
on the norm of weight vector w.

whw < T, (3.22)

The theme is that the weight vector||lw||is evaded from to be too outsized because the

desired signal is badly affected by model errors. This way of forcing constraint on the

weight vector w given above has the same effect as adding diagonal packing of the data
covariance matrix R, [3].
w=[d! R, +B1,,,,)"d, ] R, +B1,,...)"'d, (3.23)
It is not possible to find optimal expression to find £ [6]. But here an adaptive
algorithm to find the diagonal packing of Fby forcing a quadratic constraint7}is
proposed [1]. This is assured by constraintw" (n)d,(n)=1. This assurance is given by
defining the
W, (n)=d,(n)dg (n)dy(n))" (3.24)
The constraint subspace is projected by the received signal vector
by w, (n) vector. A fair value for the constraint is
To =1.5]w (n)l]]
The (3.23) can be presented as

w=[(I+R)'R;d,]"'d5 I+BR)'Rd, (3.25)
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For the small value of the 3, (I+,BR;,')'l can be examined by using the Taylor series. First
two terms of the Taylor series are sufficient to approximate (I+8R;')". Suppose that
g(B)=(1+pR;)" (3.26)

So, by Taylor series expansion

g(B)=g(0)+ Bg (0) (3.27)
Therefore, first order derivation of (3.27) is given by

g (B)=-(+BR)*R]
=—(I+fR})"'R} (1+AR;)" (3.28)

And
g (0)=—~(DR;(I)
=1 (3.29)
From the equation (3.27), we can write that
— -1
g(B)>=1-pR, (3.30)
Approximately
(1+pR})"' ~1-pR} (3.31)
The (3.25) can be written approximately equivalent to
w=[(I-AR})R;d,]"d; (I- BR})R d,
__(I-BR))RYd,
dJ[(1-ARHRd,]
_ R)d,- SRR d,
~d{R}d, - B4R R d,

(3.32)

Supposer =dy R d,,v=R R /d, /r = R_'v'v;' andw = (R'd,)/r . then we

will get from the (3.32)

R)d, - SRR }d,
w =
dg‘R;'do[I—,BR;,']

R SRR, (3.33)
d;R/d, [1-6R}] -
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Taking the part before the brackets in (3.33)
R;d,- fR/R}d, _ R)d, BR/Rd,

y y
Hp -1 Hy -1 Hy -l
doRyd0 dQRyd0 doRyd0
We know that
vV = “'—~RH;{F_;;I({O s
do R, d,
& where
r=dyR'd,
and
-
v~v _ RydU
_
d: R y dO
So, we can write
R'd, - BRI'R'd ~
Qe Z PRS0 (w-BY)
doRydo
Now taking the second part of the (3.33), that is T—%i!—' . We can write
- y

. H
BR) =rpw w
d¢R)T _ Rd,

H

=dSR;]d0ﬂ _H _ -H . L- H
do Ry do do R;,ldo

ﬂ R -yl — ﬂ R -yl
Then the second part of the (3.33) can be written as
1 ]

— .I——_ -.H
1-AR, I-r8w w

The equation (3.33) will now become
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w=(v-v-ﬁV) '_—"‘I—‘FF—
1-rfw w

_ (w-Bv) (3.34)

o

1-rfw w

In the case, wdo not convince norm constraint, we can put the (3.34) in to (3.22). this

will help us to solve the equality for the 5 .As by (3.22)

whw < T,

or
whw-T, =0 (3.35)

(3.35) can be formulated as

-~ H -~
(w—Bv) (w=5v)
~H _H ~I,=0
I-rfw w 1-rfw w

L
(I-rBw w)" (1-rfw w)
(w= V)" (w=pv)-T,(1-rBw w)(1-rfw ") _g
~H H -
(1-rfw w)'(-rBw w)

- - H
| (w=BWIF -T | A-rBw W) =0
~ ~H -
Iwilf +B82 | vIF -2w  Bv-T[1+r*f*||wi' ~2rf|iw]=0
~ M -
IwlF +82 I vIF =2w Bv=T,-T,r*B* [ wil' +T,2r Bl w =0
H

BAIVIE -T2 | wi)+ BT 2r Wi —2w v)+(|wif =I,)=0  (3.36)

where

a=|viP T (| wil,

_H .
b=2[-Re(w v)+rT ||w ”z]
&
c=llwi -T,
Therefore, the (3.36) will become
af’+bf+c=0 (3.37)
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To make sure the constancy, the solution of £ in (3.37) by using the quadratic equation

can be written as
—b-Re(\b* - 4ac)

- 338
yi) 2a) ( )

The estimate to optimal packing level is the solution of #. The S has real and non

negative value. The R can be rotten in conditions of the eigen-vectors u, & eigen-

valuesA ,,(i=1,..... M)
M
R, =) Auu/ (3.39)
il
(R, + B1,,.,, )" is afterward decomposed as following
M
(R, + B, )" =Y wul (A, +B) (3.40)
i=}

where eigen-values A, is the positive since R  is the positive exactly.

The data bit of the preferred user is demodulated by

bo =sgn(z) = sgn{Re(w"y)} (3.41)

The table given below summarizes the RLS algorithm for revising the weight
vector w(n) with I,, . identity matrix and & has small stable positive value. The table
given below is the suitable adaptive realization of the Robust RLS based detector or in

other words Robust CMOE detector.
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RobustRLS algorithm

initialization :w(0) = O,P[O]é‘"I‘.;.,A,,

- _ Pln ~1]y[n]
Updation : K[n] = A +y"[n)P[n-1]y[n]

P(n]=—{P(n~-1]-K[n] y" [n]P[n~1],

1
i
wln] = (d; [n]P[n]d[n]) ' P[n]d,[n];
w,[n]=d,[n)(d] [n)d,[n])™", T, =l w, [n]IF,
if llw [n]IF> T,

r=(d) [n)P[n]d,[n]). v[n] = rP[n]w[n],

a =l vin]|]? ~Tr* || win]ll,
b=2[-Re(wn]"vin)) +rT I wln]Il],

¢ ={|wln]| -1,

_=b- Re(Vb? - 4ac)

2(a)

B

w[n) = (w[n)- Bv[n]) /(1 - r Bw[n]? w[n]).

The complexity of the update procedure for the w(n) to satisfy the norm is O(M).

Hence, the complexity of the Robust RLS base detector is determined by RLS
updating. Therefore, its complexity is O(M *).
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CHAPTER 4

Imitations and Results

4.1 Introduction:

This chapter will show the simulation and consequences of the work
shown in the system design chapter. The focused detection is Robust RLS based
detection for the MC-CDMA but for comparison CMOE detection was also
implemented programmatically. This chapter also gives these two specific algorithms.
The simulations have been developed in Matlab 7.3 with functions and programs
written for CMOE and Robust RLS based Detector.

Both CMOE and Robust RLS based Detector were pertained on the MC-
CDMA revealing process individually. The evaluation of these consequences is stands

on diverse parameters such as number of iterations, SNR, SINR, BER etc.

4.2 The Algorithm for CMOE and Robust RLS based Detection:

The algorithm of CMOE Detection is shown in figure 4.1. This flow chart

evidently gives details of the functioning for the CMOE Detection of MC-CDMA

System.

Initialize hg and C.,

4
Continued on next page
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Figure.4.1. General Algorithm for CMOE Detection of MC-CDMA

The algorithm of Robust RLS based Detection is shown in figure 4.2, This

flow chart evidently gives details of the functioning for the Robust RLS Detection of

MC-CDMA System.
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l
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Figure.4.2. General Algorithm for Robust RLS based detection of MC-CDMA

4.3. Imitations

The simulations help for the comparison among the CMOE detection and
Robust RLS based detection of the MC-CDMA system. The CMOE and Robust RLS
Based detection were implemented for distinct values of SNR and many functional
results are gotten from it.

In this MC-CDMA system, the values
are M=16, P=8, K=8,4=0.995 and 6=0.1. Hence, the original data sequence is first
S/P converted to 8 data streams. Then extra guard intervals of size 8 were additional
to mitigate the ISI. There are 8 concurrent users in channel and the preferred user is
zero. The interference signal ratio of MAI is 10 dB superior than the preferred user,

ie; B /P =10. By Rayleigh Fading supposition, the channel coefficients are

Robust RLS Based Detector for MC-CDMA 47



Chapter 4 Imirations and Results,

produced randomly following to a complex Gaussian distribution. The SINR analysis
is applied on basis of SINR analysis for LMMSE detectors in [1].

Based on the above data, figure 4.3 shows the average SINR versus number of
data samples for the CMOE and Robust RLS based detection. When the numbers of
samples are small the kobust RLS based detector is better than the CMOE detector. It
can be easily seen from the graph that when the number of users increases by 2500,

the performance of both detectors is nearly equivalent.

The averaged SINR versus data samples

Y
= i
= :
=10 |
- 4
2 i
&8 ) ]
s |
> .
<6 |
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0 ) E— { i ;e e
0 500 1000 1500 2000 500

Number of data samples

Figure.4.3. The average SINR versus data samples
At the low number of samples the Robust RLS detector performs better than
the CMOE detector. But at large number of samples the performance of CMOE
detector is nearly equivalent to the Robust RLS detector.
Figure 4.4(a) and (b) shows the Average SINR and MSE Versus SNR for the
CMOE and Robust RLS based Detector.
The performance of the Robust RLS based detector is better than the CMOE

detector from figures 4.4(a) and (b).At low SNR Robust RLS detector is better than
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the CMOE detector. But, the performance of the CMOE detector is nearly equivalent

to the Robust RLS based detector as the SNR increases.

The averaged SINR versus the SNR
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Figure.4.4 (a). The average SINR versus SNR

The averaged MSE versus the SNR
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Figure.4.4 (b). The MSE versus SNR

Robust RLS Based Detector for MC-CDMA 49



Chapter 4 Imitations and Resulls

Figure 4.5 shows the Average SINR versus number of sample for the CMOE
detector and Robust RLS based detector.

The performance of CMOE detector is nearly equivalent to the Robust RLS
detector for large number o’f samples from figure 4.5. When the numbers of samples
are small the Robust RLS based detector is better than the CMOE detector. It can be
easily seen from the graph that when the number of users increases by 2500. the

performance of both detectors is nearly equivalent.

The averaged SINR versus data samples

v

Averaged SINR(dB)

. 1
0 500 1000 1500 2000 2500

Number of data samples

Figure.4.5. The average SINR versus number of samples
Figure 4.6 shows tﬁe BER versus the SNR for the CMOE detector and Robust
RLS based detector. At low SNR the bit error rate for Robust RLS based detect is
smaller than the CMOE. At high SNR, the performance of both detectors is
equivalent. The Robust RLS based detector performs better tﬁan the CMOE detector

with respect to the bit error rate.
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. The BER versus the SNR
10 ¢ T 7 T T - T T
i | ——CMOE
{ -+£¢ Hobust RLS 11
1
1
|
5 ‘
0 4
‘ 3
@ ‘e
L =N
[22]
0k
a. :
28 L i
j
. )
10° L ] i L ] : )
0 2 4 6 8 10 12 14 16
SNR(dB)

Figure.4.6. The BER versus SNR

Figure 4.7 shows the mean square error versus SNR for the Robust RLS based
detector and CMOE detector. At low SNR the mean square error for Robust RLS
based detect is smaller than the CMOE. At high SNR, the performance of both

detectors is equivalent.

The MSE versus the SNR
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Figure.4.7. The MSE versus SNR
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The performance of the Robust RLS based detector is nearly equivalent to the

CMOE detector at the medium SNR.

4.4. Conclusion

In this thesis the Robust RLS detector based on the CMOE detection of MC-
CDMA system has been studied and implemented. The Robust RLS based detector is
efficient than the CMOE detector in case of the signal modeling errors occurrence.
The results show that at medium SNR, the performance of the Robust RLS based

detector is similar to the CMOE detector as they have same MSE at the middle SNR.

tn,
o
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s ppe i

SINRmoe=[];
SNR=[4,6,8,10,12,14,16,18];
Rini=[];
y=[1;
b=1;
U={1;
S=[1;
u=[};
it=700;
p=01;
w=[];
wa={1;
del=0.1;
idel=inv{del) ;
p=idel* (eye(8,8)};

temp={};
go_est=[];
ohm=[};
SINRopt=[(];
for 1=1:it
for i=1:((it*8*8)-1)
if{(rand(1)<0.5)
b_tem=-1;
else
b_tem=1;
end
b=[b;b_tem};
end
b=reshape (b, 8,8,it);

¢=(1,1,1,1,1,1,1,1,1,12,1,1,1,1,1,1;1,1,1,1,1,1,%,1,-3%,-31,-1,~-1i,-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,-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;~-1,-1,~-1,-%,1,3,1,1,1,%,12,1,-1,

-1,-1,-1;-1,1,1,~-1,-1,1,1,~-1,~-1,1,1,-1,-1,1,1,~1;1;
for 1=1:it

for i=1:8

for j=1:8
u(j,:,i,it)=b{i,3,it)*C(i,:);
end
end
end

for 1=1:it
for i=1:8
U(i,:,1l)= reshapef(u(:,:,i,1)"',128,1);
S(i,:, 1)=1ifft(U(i,:,1)):
end
end

c=ceil{rand{128,1)*10);
r=ceil (rand(123,1)*10};
G=toeplitz(r,c);

rs={1;

for snrit=1:8
for 1=1:it
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temp{:,:,1)=3(:,:,L)*G(:,:);
rs{:,:,l)=awgn(temp{:,:,1),SNR(snrit});
end

for 1=1:it
for i=1:8
y(i,:,1)=£fft(rs{i,:,1));
end
end

pgain=G(:,1);

N=128;

go=pgain(1,1);

Fm=zeros(16,8);

for i=1:16
for k=1:8

Fm(i,k)=exp((~-j*2*pi*i*k)/N)/N;

end

end

Fmh=Fm."';
Co=Coh."';
go=rand(1l);
goh=go."';

fer 1=1:it -
Ryi(:,:,1) = inv(cov(y({(:,:,1)));
ohm{:,:,1)=Fmh*Coh*Ryi(:,:,1)*Co*Fm;
[Vectors values]=eig(ohm(l));
[a bl]=min(diag(values));
go_est(l)=goh*a'*go;

end

err=[};

for 1=1:it
err(l)=go-go_est(l);
end

M=16;
lam=0.995;
dlam=1/lam;
po=1;

h=[1};

dk=[]:
vl=((l-lam)* (M-1))/(2*1lam);
N=128;

for 1=1:it
for i=1:8
for k=1:128
h(k)=pgain(k)*exp((-j*2*pi* (i-1)*(k=-1))/N)/N;
end
end
end
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v=[];

d0=[0.0834;0.0834;0.0834;0.0834;0.0834,0.0834;0.0834,0.0834;

w=zeros (M, 1l);
for 1=1:it

k= ((p y( l))/(lam+(y( 1) "*pry(: 1))

Ly Flp tmendlon LETLO Leraune Y P "f; s

p dlam*(p (k*y( l)'*p))

e e o o e o T i S ime
W= 1nv(d0'*p*d0))*p*d0,
wq dO*lnv(dO'*dO)

tO=norm{wqg):;
tl=norm(w);
t2=tl*tl;

while (t1>t0)
r=d0'*p*do0;
v=r*p*w;
nv=norm(v);
a=nv-tQ0*r*r*t2;
b=2* ((-1*real (w'*v) )+ (r*t0*tl));
c=t1-t0;
beta=(-b-real (sqrt ((b*b)-4*a*c))})/(2*a);
w= (w-beta*v)/ (l-r*beta*w’'*w);

) tl=norm(w);

end
end

Col=reshape(C,1,128);
Cohl=diag(Col);
for 1=1:it
Cohl=eye (128,128} ;
d=Cohl*h';
Rs(:,:,1)=d*d";
end

for 1=1:it
b2(:,:,l)=w."*yy(:,:,1);
end

ber=b2(8,8,1)-b(8,8,1);
end

t={1l:itc};

plot (ber, SNR)

SINRmce=[];

Rini={};
SNR=1%;
y=[1;
b=1;

17
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idel=inv(del);

p=idel* (eye(5,8));
SINR=[];
SINRmoe=[];
temp=1[1;

go_est=[]

ohm={1;
SINRopt=[};

for i=1:({(it*8*8)-1)
if(rand(1)<0.5)
b_tem=-1;
else
b_tem=1;
end
=[b;b_tem];
end
b=reshape(b,8,8,1it);

¢={1,1,1,1,1,12,1,1,1,1,1,2,1,2,12,12;1,12,1,1,1,1,1,1,-1,-1,-1,-1,-1,-1,
-1,-11,1,-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,-1,-1,-1,-1,-1,-1,-1,-1,-1,~1,-1,-1,~-1;-1,
—l,- -1,1,1,1, l, l,-l,—l,—l,l,l,l,l;—l,—l,-l,-l,],l,L,l,‘,‘,_,L,—;,
-1,-1,-1;-1,1,1, -1,1,1,-1,-1,1,1,-1,-31,1,1,~1;3};

for l 1:it

for i=1:08

for j=1:8
u(j,:,i,it)=b(i,j,it)*C(i,:);
end
end
end

for 1=1:1it
for i=1:8
U(i,:,1l)= reshape(u(:,:,i,1)',128,1);
S(i,:,1y=ifft(0U(i,:,1));
end
end

c=ceil(rand(128,1)*10);
r=ceil {(rand(128,1)*10);
G=toeplitz{r,c);

rs=[];

s 1=1:1it
temp(:,:,1)=5(:,:,1)*G(:,:);
rs{:,:,l)=awgn{temp(:,:,1),3NK);

=
@]
r

for 1=1l:it
for i=1:8
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yi{i, s, Ly=fft(rs{i,:, 1));

pgain=G(:,1);
N=128;
go=pgain(l,1);
Fm=zeros(16,8);
for i=1:16

for k=1:8
Fm(i, k)=exp((-j*2*pi*i*k)/N)/N;
end
end
Fmh=Fm."';
Co=Coh."';
go=rand(1l);
goh=go."';
for 1=1:it
Ryi{:,:,1) = inv{(cov(y(: IR

/'/l

ohm(:,:,1)=Fmh*Coh*Ryi(:,:,1

(Vectors valuesj=eig(ohm(l})
[a bl)l=min(diag{values));
go_est (l)=goh*a'*go;

end

)
) *Co*Fm;

err=[];

for 1=1:it
err(l)j=go-go_est(l);
end

M=16;

lam=0.995;

dlam=1/lam;

po=1;

h=[];

dk=[1];
vi={{(l-lam)*(M-1))/(2*1lam);

N=128;

for l=1:it
for i=1:8
for k=1:128

h(k)=pgain{k)*exp((~j*2*pi*(i-1)*(k-1))/N)/N;

) and
end
end

v=[];

d0=[0.0834;0.0834;0.0834;0.0834;0.0834;0.0834;0.0834;0.0834;];

w=zeros (M, 1);
for 1=1:it

k={(({p*y(:,:, 1))/ (lam+(y(:,:, 1) "*p*y(:,:,1}})

'\
)

’
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sgerror for dimensicn 16*16 becauze y 8%1Z8%
p=dlam* (p-(k*y(:,:,1)"*p));

1 Fey e

e o e o e £33 1S T For i

w=(inv{d0'*p*d0) ) *p*do0;
wq=d0*inv (d0' *d0)} ;
t0=norm(wqg) ;
tl=norm(w);

t2=tli*ti;

while(tl>t0)
r=d0'*p*d0;
V=r*p*w;
nv=norm{v);
a=nv-t0*r*r*t2;
b=2* ((~1*real{w'*v))+{r*t0*tl));
c=tl1-t0;
beta=(~b-real (sqrt({b*b)~-4*a*c))})/{(2*a});
w=(w-beta*v)/(l-r*beta*w'*w);
tl=norm(w) ;

end
end

Col=reshape(C,1,128);
Cohl=diag(Col);
for 1=1:1it
Cohl=eye(128,128);
d=Cohl*h?';
Rs(:,:,1l)=d*d’';

end

for 1=1:it
Rini(:,:,1)=(cov{y{(:,:,1))-Rs{:,:,1));
SINR(l)=(w'*Rs(:,:,1)*w})/{(Ww'*Rini(:,:,1)*w);

end
t=(1:1it]);
plot (t, {SINR/it))

SINRmoe=[];
SNR=[4,6,8,10,12,14,16,18];
Rini=[];

idel=inv{del);
p=idel* (eye(8,8));
temp=1[];
go_est=(1;

ohm=[];
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SINRopt=[];
for i=1;((it*8*8)-1)
if({rand(1)<0.5)
b tem=-1;

end
b=[b;b tem]:
end
b=reshape(b,8,8,1it);

C=[l,l,l,l,l,l,l,l,l,l,l,l,l,l 1,1;1,1,1,1,1,%i,1,1,-1,-i,-4,~1,-1,-%,
-1,-1:1,3,-1,~ ,—1,-1,1,1,1,1,- ,~1,-1,-1,1,1;i,1,~1,-1,-1,-2,1,1,-1,
-1312,1,1,~-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, -l,—l,—l, 1,1,1,1,3;,~-1,-1,-1,-1,1,1,1,%,1,%,1,%,~-.4,
-1,-1,-1;- l,l,l, ~-1,-1,1,1,-1,-1,1,1,-1,-1,1,1,-1;1:

for 1l=1:it

for 1=1:8
for j=1:8
u(jl:Iilit)=b(iljlit)*c(il:);
end
end
and

for 1=1l:it
for i=1:8
U{(i,:,1l)= reshape{u(:,:,i,1)"',128,1);
S{i,:,1)y=iffe(U(4i,:,1))
end
end

c=ceil(rand(128,1)*10);
r=ceil (rand(128,1)*10);
G=toeplitz{r,c);

rs=[];

for snrit=1:8
for 1=1:it
temp(:,:,1)=S8(:,:,1)*G(:,:);
rs(:,:,l)=awgn(temp(:,:,1),SNR(snrit));
end

for 1=1:1t
for i=1:8 .
y{i,:,1)=Ffft(xrs{i,:,1)});
end
end

pgain=G(:,1
N=128;
go=pgain(l,1);
Fm=zeros(16,8);
for i=1:16
for k=1:8
Fm(i, k)=exp({(-j*2*pi*i*k}/N)/N;
end

end
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Fmh=Fm. ',
Co=Coh."
go=rand(1l);
goh=go.'

for 1=1:it
Ryi(:,:,l) = inv(cov{y{(:,:,
ohm(:,:,1)=Fmh*Coh*Ryi(:,:,
[Vectors values]-elg(ohm(l)
[a bl]=min(diag{values));
go_est (1)=goh*a'*go;

end

)Y

1)
1) *Co*Fm;
)i

err=[];

for 1=1:it
err (l)=go-go_est(l);
end

M=16;

lam=0.995;

dlam=1/lam;

po=1;

h=[};

dk=(];
=((l-lam)*(M-1))/{2*lam);

N=128;

for 1=1:1it
for i=1:8
for k=1:128
h(k)=pgain(k)*exp ((-3*2*pi* (i-1)*(k~1))/N)/N;
end
end
end

v=[];

dO0=[0.0834;0.0834;0.0834;0.0834;0.0834;0.0834,;0.0834;0.0834;1;

w=zeros (M,1);
for 1=1:1i¢t
=((p*y(:

QoY

l))/(lam+(y( ,.(l_)’*p yi:, ., 1)) ))q

LeTie Decs

p=dlam*(p (k*y(.,:, )'*p))
w=(inv (d0'*p*d0)) *p*d0;
wg=d0*inv (d0'*d0) ;
tO=normi{wqg);

tl=norm(w);

t2=tl*tl;

o1

w.__C(tl>t0)
r=d0'*p*d0;
v=r*p*w;
nv=norm(v);
a=nv-tQ0*r*r*t2;
b=2* ((~1l*real(w'*v) )+ {(r*t0*tl));
c=t1-t0; :
beta=(-b-real (sqrti{b*b)-4*a*c)))/(2*a};
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Appendix

w=(w-beta*v)/(l-r*beta*w'*w);
tl=normiw) ;

and

end

Col=reshape(C,1,128};
Cohli=diag(Col});
for 1=1:it
Cohl=eye (128,128} ;
. d=Cohl*h';
- Rs(:,:,1)=d*d"';
end
SINR={];
SINRmoe=(];

for 1=1:it
Rini{(:,:,1)=(cov(y(:,:,1))-Rs(:,:,1)}):
SINR(L)=(w'*Rs{:,:,1)*W)/ (w"*Rini (s, :, 1) *w)
) SINRmoe (1)=SINR/ ((l+vl)+ (v1*SINR));
: end
end
t=[1:1t]);
plot {SINR, SNR)

s o e edtt_.
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