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Abstract: In the literature of direct-sequence code-division
multiple-access (DS-CDMA), for issues related to channd
estimation, some exclusive architectures have been proposed,
which are characterized by known channd noise statistics and
noise observation. But in reality, the channel parameters are
frequently assessed utiliziing training sequences that lead to
difficulty in obtaining the channel noise statistics. Channe
estimation quality has been proved to play an important rolein the
performance of rake receiver. This paper addresses the issues of
optimizing DS-CDMA rake receiver channel estimation equipped
with an Iterative least square sparse recovery (IL2SR) channel
estimator. Moreover, the ambient noises corrupt the signal
received and multiple-access interference further aggravates it.
Because of this observation noises become hard to acquire. Hence
this paper proposes as an iterative least square structure for
channel estimation algorithm in rake receiver employed in
DS-CDMA communication systems. Further, examination of
blind channel estimation problem for rake-based DS-CDMA
communication framework having multi-path fading channels
with time variation is also attempted. The validity of the proposed
techniques has been verified through results obtained from
simulation for different channel parameters and spreading codes.
Further exploration has been carried out with execution of the
IL2SR with Rake receiver in DS-CDMA framework for multi-path
fading channels. It is found that better performance is obtained
with this framework under various channels with different
spreading codes. The proposed system is compared with Kalman
based techniques and it was found that DS-CDMA framework
under additive white gaussian noise (AWGN)channel with 1L2SR
receiver reveals better outcomesin terms of bit error rate (BER).
Also, there has been improvement in video quality while using the
proposed |L2SR receiver with increase in the values of ratio of
signal to noiseratio.

Keywords:. DS-CDMA, Iterative Least Square Sparse
Recovery (11%sr), Rake, Multipath Channels.

I. INTRODUCTION

D irect-sequence  code-division multiple  access

(DS-CDMA) is one among the excellent multiple access
techniques for communication systems of the fourth and fifth
generation. Therefore, nowadays it is highly recommended
by many researchers. DS-CDMA, having large signal
bandwidth,
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turn-out to be highly suitable for transmission over multipath
fading channels as it authorises high resolution of diverse
multipath. The choice of well-known rake receiver structure
ishighly recommended for the efficient and reasonable single
user detection in the first generation of universal mobile
telecommunications system (UMTS) handsets. In fact, the
rake receiver isinferred from multi-path channel model with
each rake finger assigned to individual multipath idedly,
maximizing the quantity of received signal energy. A
pre-requirement is that the rake has matching record about
the current channel parameters which include, path location
(in the delay domain), number of paths and current
attenuation (complex-valued).

Rake receiver are often employed in DS-CDMA for
combining, the multi-path signals. As such therake receiver
is some sort of aradio receiver designed with the objectives
of countering theimpact of multipath fading. Thisisachieved
using several sub-receivers called fingers. In other words,
several correlators are assigned to different multi-path fading
components. Multiple correlators named fingers are utilized
in the rake receiver for achieving diversity gain. Such fingers
are to be deferred at least by one chip duration. Each of these
fingers produces a decision variable through extraction of
one of the distinguishable multi-path components. All the
decision variables corresponding to different fingers are
combined for generation of final decision variable. For this,
the method of maximal ratio combining is employed. This
demands the familiarity of fading coefficients. Rake receiver
performance in frequency selective channel is described in
[1-3]. These performances are obtained with multi-path
channel coefficients. In [4-5] adaptive rake receivers’
performance is analyzed, on which further improvement can
be done by increasing number of fingers greater than
multipath components.

These types of rake receivers are named as generalized rake
receiver. In [7] such type of rake receiver which employs
adaptive finger placement and computation is explained. The
nature of wireless communication systems is that their
channel is time varying in nature usually. For such systems,
in order to approximate the fading coefficients, adaptive
channel estimation is essential. For expelling the fading
effect at a particular finger, channel estimation is performed
at each and every finger.

One significant job in implementing each digital receiver is
synchronization i.e., to estimate and compensate the relevant
channel parameters. The notion of assessing these parameters
and after that utilizing them asif they were the true valuesis
called synchronized detection and it is used virtualy in
implementation of every digital receiver. In this casg, it is
essential to evauate necessary channel parameters and
tracking of the same throughout the transmission.
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In a CDMA receiver, during the examination of the
synchronization tasks, there is necessity of high-resolution
multipath acquisition and tracking algorithms for channels
which show small delay spreads i.e., with closely spaced
multi-paths, it was recognized and solved by Iterative least
square sparse recovery along with rake receiver.

This paper explores the execution of IL2SR in DS-CDMA

framework with rake receiver for multi-path fading channels.
Bit error rate (BER) equation in closed form is derived for
binary phase shift keying (BPSK) for different spreading
codes and fading channels.
In Code Division Multiple Access spreading codes are used
for expanding the bandwidth of the modulated signal to the
higher transmission bandwidth. These codes assist in
identifying which all different user signals are using identical
transmission bandwidth in the multiple-access system. A
pseudorandom noise (PN) generator or another specialy
designed code generator, like, “Kasami code, gold code,
Walsh Hadamard code” [8], [9] are used to generate the
spreading codes.

An exhibition of DS-CDMA is characterized by multi-
carrier code multiple access (MC-CDMA). With DS-CDMA,
spreading arrangement is utilized to spread the data in the
time space. Interestingly, with MC-CDMA, information is
spread over various sub-transporters utilizing a spreading
succession in the recurrence space [19]. A reasonable
al-advanced recipient that engineers most maximum
likelihood sequence estimation (ML SE) would beideal asfar
asthe BER is concerned. It is unfeasibly complex when there
is considerable inter symbol interference (1S1), and requiresa
costly and power hungry rapid simple to-computerized
analog/digital converter (ADC) due to the enormous data
transfer capacity [20].

[I. SYSTEM MODEL

This paper adopts amodel similar asin [10,11,12]. Consider
a binary DS-CDMA communication framework which has
“k” multiple access users. The transmitted base-band signal
of the k-th user is given asfollows:

X = A ). D) s (t=nTy) &

n=-—oo
here A, : transmitted bit energy,
by (n) : modulated information symbol of the “k-th” user
chosen randomly from set {—1, +1}
T, : symbol duration, and
sk (t) represents transmitted waveform given as,
N

5® = ) G -iT) @

i=0

where N: spreading gain, €, (i) : spreading code of the “k-th”
user with period N, and i(t) is the rea transmitted
monocycle waveform shape in the time interval 0 <t < T
thatisr(t) = 0 if t € [0, T.],.and has energy (1/N).

It is assumed that the multipath channel is comprised of L
resolvable propagation path and additionally the channel
coefficients are time-invariant; then, the channel impulse
response for the kth user can be given by,

L-1
Hy (6,7) = Z REM) 8t —1T)nT, <t< (n+ DT, (3)

i=0
where, complex valued fading coefficient k. (n) is presumed
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to be invariant at a symbol duration.
Therefore, the received signal component from the kth user
can be represented as,
T = x(t) * He (8, 1) 4

where * denotes the convolution operator.
The total signal at the receiver is superposition of K users
signal in presence of additive white gaussian noise (AWGN)
isgiven by,

K

FO = ) F(® + () (5)
k=1

where ¥(t)is a White Gaussian noise having zero mean.
The discrete-time signal is formed by sampling the yield of
the chip-matched filter at chip rate. By collecting N
successive samples, the channel yield from the kth user at the
nth symbol can be communicated
as
yi(®) = [F(N)Fi(nN + 1) ... $1.(aN + N — D]T
= by (n)Cghi(n) + b (n — DCxh(n —1) (6)

where hy(n) - parameter collection of al multipath
components and is given by,

i T
he(n) = [ (n) ... hi7 ()] @)

and C? and Cj. are the signature matrices with dimension N x
L of form,

cx(0) 0 0
G o0 - 0
“=l aw) al-D - 4O ®
len—1) cN-2) (N — 1))
0 6N = 1) 6 (N —L+1)
a=| . SECEI
2 50 - 50
where
(i) = @El{(i),o <isN-1 (10)

otherwise

For a synchrono’us CDMA forward channel, the received
total discrete-time signal of all usersis,
r(n) = [F(MN)F(nN + 1) ...F(aN + N — 1)]T
K

= Z v () + v(n) (11)
k=1

1. ITERATIVE LEAST SQUARE SPARSE
RECOVERY

Here an lterative least square sparse recovery (IL2SR) is
presented with a novel preconditioner to solve the Li-norm
regularized least square issue for non-negative sparse signal
reconstruction.

We proposed to reconstruct an unknown signal x € RN from
its linear observation:

b=Ax+n€RM
where A € RM*N, .and n € RM isthe noise.

(12)
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Typical least sguare method involves abundant
measurements (M > N and A has full rank N) to recover
x* = (ATA)"*ATb Recently, compressive sensing
techniques can reconstruct x from numerous fewer
measurements (M < N) as long as the signal is sparse by
solving the following basis pursuits denoising problem
(BPDN) as,

1
min = ||[Ax — b||? + |lx]l, 41
xeRNZ

where T> 0 is a given regularization weight, [|x||,:=

and ||x|l;:= fZ?Lllxil denote the L, and the L,

norms of X, respectively.

This paper considers received signals x > 0. Explicitly
including the constraint in equation (A1) limits the solution
search space in non-negative reconstruction. Moreover, if x
does have negative components, a common optimization
method lets R = [x*;x ]€R*N >0 and A=[A —-A] €
RM*2N where xj = max(x;, 0) and x; = max(—x;, 0) ,the
Ax = A% and ||x||; = |IR]|;, and subsequently equation (A1)
can be solved with respect to A and % > 0. Therefore, we
only need to consider the following variant of equation for
x>0,

N 2
i=1 Xj

(A+)

The optimization problem shown in equation. (A+) is convex
having only linear constraints and fulfills Slater’s condition.
Hence, its optimal solutions are found by solving its
Karush-Kuhn-Tucker (KKT) system as,

1
min = ||Ax — b]|? + te"™x suchthat x>0
xeRN 2

ATAx—s—ATb+te=0 (13a)
XSe = 0 (13b)
(x,5)=0 (13¢)

where X := Diag(x) and S := Diag(s) and Diag ( ) denote
diagona matrices created from prima variable x and dual
variable x and dua variable s, respectively, and 0 and e
denote an all zero or al one vector whose dimension shall be
clear from context, respectively. The IL?SR explains a
modified KKT system which easily substitutes equation
(13b) in the original KKT system by,
XSe = ope

where p: = xTs/N goesto 0 when converges, and ¢ € [0,1]is
a centering parameter. A o closer to 1 will guide search
direction more towards the interior (x,s) > 0. Starting from
a point (x,s), the Newton direction for the modified KKT
system can be computed as,

ATAAX — As =14 (14a)

SAx + XAs =r, (14b)
where, ry stationarity residual and complementary slackness
residual r. can be represented as,

rq =s— Vh(x)

r. i= ope — XSe (15b)
Here, Vh(x) = ATAx — ATb + te is the gradient of the
objective function h(x): § [|Ax — b?|| + Te*x.
In Algorithm 1the IL?SR with predictor-corrector steps is
presented. As mentioned in [22], the IL?SR framework is
additionally use asit is found to be the most effectiveinterior
point methods (IPMs) [23]. New initialization is used with
simpler and effective ¢ values, new preconditioner and
adaptive tolerance in preconditioned conjugate gradient
(PCG) for obtaining faster convergence [22]. More flexible
values of x, s is permitted in this work which violate
equation (13a) at initial set up and following iterations.

(15a)
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Algorithm 1: Iterative least square sparse recovery
(IL2SR) Framework
Inputs: choose(x?,s%) > 0 from Section A, stop accuracy €
(e.g., 1), and maximum iteration number kg .
fork =1,2,...,Kkp.¢ dO
Perform Prediction Step: seto « 0.001.
(x¥,sX, &, ag) = UPDATE(x*7?, s¥7%, o)
If min (o, ag) < 0.1then
Perform correction Step: set o < 0.99
(xk, sk, xp, ocd) = UPDATE(xk‘l, sk-1, 0)
if w <€ h(xk) and ||r§|| then
Break
Output: x*
function UPDATE(x*™%,sk™, o)
Compute Ax, As with o, x¥1, s¥~1 use Section B
Compute o, ag With x5, sk7%, Ax, As use Section C
Update (x5, s¥) « (x*1 + a,Ax, 5571 + agAs).
return (x5, s5 a,, aq)

A. Initial Point

A well-chosen initial point (x°,s%) > 0 that is close to the
optimal solution (satisfies equation (13)) can significantly
lessen the total computation time of the algorithm. Following
steps to compute (x°,s°) > 0 are used that nearly satisfies
equation (13a) & makes x; and s; balanced, which works
well in practice. The least squares solution of minimum norm
are found for Ax =b as x* = AT(AAT)"'b to keep both
[Ax —b||?> and x| smal. Then we compute
8% = max(0,—x%;,) Where x%,. signifies the minimum
element of x*, and adjust x* « x*+ §% e to make x*
non-negative. Then we compute
§¢ = max (0, (€p Xfax — Xmin ) /(1 — €;)) Where €,=
0.001 and x{,,x denotes the maximum element of x* , and
update x® = x* + 8Pe so that x® is strictly positive and its
components are not too balanced: x2.. /x2.. >€,. Then
we compute §* = max (0, —Vh(x?)./ ATA e))nax) Which
isused to update Vh (x?)to be non-negative, where ./ denotes
element-wise division for two vectors, and updated x° =
x* + 8°e>0ands® =Vh(x®) > 0. Finally, we compute
§¢ = max (0,(€o Shax — Smin) /(1= &) and adjust
s® = s + 89 esothat s°> Oisbalanced: s, /s =Eo.
The above computational cost is subjugated by the first step
b (AAT)™!, that can be solved iteratively using PCG or
directly, considering A has specia structure. In either case,
the computational cost is no more than one iteration
Algorithm 1. Note our initial point may not satisfy equation
(13a), ass®- h(x°) # 0 if ¢ > 0 in the last step.

B. Newton Step with PCG

Evaluate ( Ax, As), by As being eliminated at first and then
solve for Ax from
(D~ + ATA) Ax

=c (16)
where
D:=XS"? (17a)
ci=rg+ X7 'r, = opX~le — Vh(x) (17b)

Using Equation (16), the preconditioner M = PTP isused to
transfer it to an equilibrium
equation as
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(P~T(D~! + ATA)P™1) (PAx) = P~ Tc (18)
The preconditioner M meaningfully affects the efficiency of
PCG. It should be effortlessly approximate and invertible
(D1 + ATA) well to make P-T(D™! +
ATA)P~' well-conditioned. The strategy of good
preconditioner is typically problem specific. The diagonal
approximation of ATA is good for diagonal matrices, and the

% I ATA approximation [22] works where AAT =1 and A

satisfies RIP well.

Convolution with anon-negative point spread function (PSF)
is very much applied in various communication applications
and is of specia interest. A convolution related matrix A has
circulant structure, having eigenvalue decomposition of
ATA. The eigenvalue decomposition is assumed as,

ATA= VAVT = I A vvf (19)
where the eigenvaluesA; = A, = A3 = -+ ... Ay. If the PSF
has most energy concentrated in low frequency, we may use
thefirst few or even one columns of V to approximate ATA as
Avivi = VVT where v= vV Av;. The inverse of this
preconditioner is computable by Sherman Morrison formula
as
4 e Tl Dvv™D

M*t=MD!t+vv)?!t=D 1+ viDv (20)
With support of preconditioner, search direction from
previous iteration is been fed (or O for the first iteration) as
the primary point of PCG. It stops when a maximum number
of iteration (e.g.,101) is reached or when it finds a solution
within relative tolerance tolee =
max (0.001, min (0.1, (u + ||rd|| /bl )) , which
prefers more accurate Newton direction when approaching
the optimal solution.
After getting Ax, we can compute As from equation (14a) or
equation (14b),

As = ATAAX — 1y (21a)

As = D71Ax + X7 Ir, (21b)
Those two equations result in different As as Ax only
satisfies equation (16) approximately. We chose to compute
As by equation (21b) so that eguation (14b) is fulfilled
exactly to promote longer step size ay instead using equation
(214). By making this choice, equation (13a) may be violated
even after afull stepsizea, = 1,04 = 1
C. Step Size
The step sizes (ap, aq) are calculated as suggested by [24].
We first find x'®* that makesx + xp'®* Ax > 0. 1f Ax > 0,
then we set x¥ = +oo;otherwise x® = minpy<o- AX—;I
Then we compute a, = min (1, ap®* ) ,wherey € [0.9.1.0]
to make the updated x strictly positive. In this paper we have

choseny = 0.99 for al the computations. The calculation of
g issimilar to that of a,.

IV. PROPOSED IL2SR RAKE RECEIVER
FRAMEWORK

The architecture framework of the proposed IL2SR rake
receiver isshown in figure 1.

Retrieval Number: 100.1/ijrte.F68410310622
DOI: 10.35940/ijrte.F6841.0511122
Journal Website: www.ijrte.org

Channel
Splitting

Spreading
Codes

l

Modulation

]

Multipath
Channels

Frame
Input Video H " X —r
Conversion

—» Encode —»

Channel
Estimation

Sparse

Synchronization <«—
Recovery

Y

Chip Rate Maximal Ratio Frame Reconstructed

(1/Tc) > Finger ™ Combining Reconstruction Video
) I ¥
9 Channel

» ) Rake Receiver
N ake Recelve Combining

Complex
o 7y

Conjugate ¥
Spread
Spectrum

Demodulation »  Decode

Figurel. Proposed IL?SR rakereceiver framework

Color videos are made from Human Action recognition
videosfrom KTH data-set for multimediatransmission which
utilizes DS-CDMA application [25,26]. RGB color format is
used for all videos. The video resolution is 180 x 144 pixels
and video length for experimentation is 10 seconds. Using
binary coder color video is changed over to binary
information array as afirst step. Reshaping of the binary data
of the RGB channel is carried out and code sequence is
applied. PN code, gold code and Walsh code have been
selected for experimentation. The coded bits are then
modulated. The BPSK modulation scheme has been taken
for testing system reliability. The uplink is considered where
K users transmit binary DS-CDMA signas over an
asynchronous multi-path Rayleigh fading channel with
AWGN. The received information from different users is
exposed to independent multi-path fading channels and
AWGN. Prioring to the decoding stage at the receiver side,
channel is assessed using lterative least square sparse
recovery with arake combiner [26]. BER is calculated after
decoding to conclude with the accuracy of the proposed
method.

A. Resultsand Inference

In these simulation experiments, color video size 180 x 144
pixels have been used. The MATLAB code is executed for
simulation purpose. Few simulations are meant for assessing
the proposed |L2SR rake receiver performance:

1. Proposed IL?SR rake receiver with different fading
channels

BER has been estimated by contrasting the signal transmitted
with received signal and processing the number of bits that
have errors to total number of bits received. The BER is
typically communicated as far as in terms of SNR (signal to
noise ratio). Emphasis of the validity of the technique
proposed by simulation results obtained for the different
channels. BER examination for proposed |L?SR rake receiver
and Kalman filter rake (KFR) receiver for AWGN and
Rayleigh fading channel is as shown in figure 2. By
increasing the SNR (dB), the BER tends to decrease and
reaches closer to zero for AWGN and Rayleigh fading
channel. In addition, it is observed that in fading
environment, the AWGN channel offers great outcomes
contrasted to Rayleigh channel.
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—=— AWGN KFR

—s— AWGN Proposed
—~— Rayleigh KFR
—=— Rayleigh Proposed
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T T T T T
0 5 10 15 20
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Figure2. Comparison of BER for different channels

It isfound that BER gradually reduces for proposed than the
KFR receiver. Similarly, it is found that average BER is
0.157071 and 0.133743 respectively for KFR and IL2SR for
AWGN channel and average BER is0.222636 and 0.166931
respectively for KFR and IL?SR for Rayleigh fading channel
when the SNR value is 20 dB. Therefore, it can be inferred
that DS-CDMA framework under AWGN channel with
IL2SR receiver reveds better outcomes.

2. Proposed IL2SR rake receiver with various spreading
codes

For validation of the proposed technique is featured by
simulation results got for various codes. Figure 3 shows
average BER comparison for proposed and KFR receiver for
PN, Gold, and Walsh codes. It can be concluded from the
numerical figures that, there is an improvement in the
received video quality with the increase of SNR values using
proposed |L2SR receiver. Also, it is found that average BER
is 0.095018 for gold code0.089523 for PN code and
0.041149 for Walsh code with KFR and average BER is
0.168398 for gold code,0.133405 for PN code and 0.187921
for Walsh code with IL?SR when the SNR valueis 20 dB.

—=— GOLD KFR

—=#— GOLD Proposed

—a— PN KFR

—w— PN Proposed
WALSH KFR
WALSH Proposed

BER

SNR

Figure3. BER Comparison for Various Coding
Sequences

V. CONCLUSION

The paper describes a cellular DS-CDMA framework which
uses the Rake receiver along with IL?SR to provide diversity
of pathways. The distributing sequence, utilizing specific
distributing codes, multiplies the input information signal in
the proposed model, while the resulting signal is subjected to
multipath propagation. Different numbers of Rakefingersare
utilized to recover multipath components, while IL2SR
strategy blends the Rake finger outputs. BER Rake receiver
yield is estimated for different Rake fingers (less than or
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equal to multiple path numbers), using various spreading
sequences, for single-user and multi-user situations. Results
from simulation demonstrate that if number of users
increases then BER efficiency deteriorate, while increasing
numbers of Rake fingers the system provide the performance
improvement. Similarly, it can be demonstrated that
differences between delays in the channel path and projected
delays in the Rake receiver result in deterioration of BER
efficiency. The performance of the IL2SR with Rake receiver
in DS-CDMA framework for multipath fading channels is
investigated. The system gives better performance under
different channels and with various spreading codes. After
comparing the proposed system with Kaman based
techniques, it was found that DS-CDMA framework under
AWGN channel with IL2SR receiver reveals better outcomes
in terms of BER.Also, the received video quality has been
enhanced with proposed IL2SR receiver with the increase of
SNR values.
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