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Abstract

This work provides comparisons between CDMA–
based multiple access systems in a single and mul-
ticarrier fashion. Both zero padding and cyclic pre-
fix types of guard intervals are considered. Compar-
isons include different performance measures such as
signal-to-interference plus noise ratio (SINR), bit er-
ror rate (BER), and robustness against channel order
overestimation. We also address the effects of finite
number of samples when estimating the detector fil-
ter. In order to allow a fair comparison, blind detec-
tion based on the minimum variance is assumed for
all considered systems. It is shown through computer
simulations that multicarrier CDMA performs better
than single carrier CDMA and is more robust against
channel order overestimation.

Block Transmission Model

Goal: Transmit m chips of a spreaded symbol,

sk(i) = ckbk(i), in blocks, allowing the suppression

of the interblock interference, in a SC or MC fashion.

• r(i) the observation vector of dimension P × 1 for

ZP or M × 1 for CP;

r(i) = RgiH(i)TgiGs(i) + Rgi [η(i) + n(i)]

•H(i) a P ×P channel convolution Toeplitz matrix;
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Transmission System s G Tgi Rgi

SC-CDMA-CP bkck IM Tcp Rcp

SC-CDMA-ZP bkck IM Tzp Rzp

MC-CDMA-CP bkck FH Tcp Rcp

MC-CDMA-ZP bkck FH Tzp Rzp

Tzp =



 IM

0G×M



 Tcp =



0G×M−G | IG

IM





Rzp = IP Rcp = [0M×G| IM ]

F = M -point FFT, FFH = FHF = IM

Equivalent Model:

•Obsevation vector can be written as:

r(i) =
K∑

k=1

Ckhk(i)bk(i) + n(i)

Ck is a code related matrix for user k and bk its

transmitted symbol. and hk(i) is the impulse re-

sponse of the channel for the user k.

Minimum Variance Receivers

For the MV criterion, the cost function is

JMV = wH
k Rwk s.t. CH

k wk = g

By the Lagrange multipliers method, for a given g:

wk,o = R−1Ck(C
H
k R−1Ck)

−1g

Maximize JMV (wk,o) to obtain g

go = arg max
||g||=1

gH(CH
k R−1Ck)

−1g = arg max
||g||=1

gHAg

Perturbation Analysis

Realistic situations: Do not have exact R.

R̂(i) ⇒ δR(i) ⇒ δgo ⇒ δwo(i)

In terms of δR(i), the SINR is written as:

̂
SINRk(i) =

‖wH
o ck‖

2 + f1(δR(i))

wH
o RIwo + f2(δR(i))

f1(δR(i)) = wH
o E

[
δR(i)AH

k ckc
H
k AkδR(i)

]
wo

f2(δR(i)) = wH
o E

[
δR(i)AH

k RIAkδR(i)
]
wo

Ak =
[
R−1Ck(A − λA,maxI)

−1CH
k − I

]
R−1

RI = interference + noise correlation matrix.

Simulations and Results

•BPSK synchronous DS-CDMA. Gold sequences of

length N = 31. NFR = 20dB

•Channel length L = 4

•GI length = L − 1 (unless stated otherwise)

Experiment I: BER performance vs Eb/N0. K =

12 users. Channel randomly drawn form zero-

mean complex Gaussian random variable, kept fixed

throughout the experiment, ‖h‖2 = 1.
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Experiment II: Semianalytical SINR vs number of

transmitted symbols. K = 8 users, the desired user

has a Eb/N0 = 15dB. Channel model same as I.
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Experiment III: Semianalytical SINR vs Eb/N0.

K = 8 users.
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Experiment IV: BER vs estimated channel order.

K = 8 users. Channel estimation procedure uses the

given length G of the GI as the unknown channel

order, that is, G = L′ − 1. Fixed channel.
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Conclusions

In this paper we have compared single and multicar-

rier block transmission CDMA–based multiple access

systems. The comparison was carried out in several

performance measures with a minimum variance re-

ceiver. The effect of finite-data-samples estimation

was also considered. Under the test conditions, it is

show that in terms of BER and SINR, MC–CDMA–

ZP performs slightly better than the other systems,

MC–CDMA–CP, SC–CDMA–CP, and SC–CDMA–

ZP. Also, we concluded that the CMV receiver for

multicarrier transmission was less sensitive to channel

order overestimation than their single carrier counter-

parts.


