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Performance of Quasioptimal Algorithm for Multiuser
Detection and M-QAM Modulations
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Abstract — The paper presents a research on previously
developed quasioptimal algorithm for MUD [1]. There have been
many experiments and analysis (with different modulation rates,
number of surrounding vectors and number of iterations) to
compute the final decision on our MUD algorithm. Program
models are realized in MATLAB, in order to research the
algorithm performance. Graphic presentations from the
measurements are given to prove the exactness of the analytical
formulas.
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I.INTRODUCTION

CDMA is an efficient method for sharing a mobile radio
channel. The noise resistance of the system decreases due to
internal system interference — MUI (multi user interference).
The correlation receiver is optimal when no MUI exists. The
multi user detection (MUD) is used to minimize the influence
of the MUI [2].

The MUD receiver, based on the maximum likelihood
criteria (ML) [2], gives an optimal solution and checks all
possible combinations of transmitted symbols. The number of
the calculations grows exponentially with the number of the
active users, which is a disadvantage of ML MUD. There are
many suggested methods and algorithms for suboptimal
receiving, decreasing the needed number of detection
calculations. They are compromise between calculation
complexity and quality parameters of the receiver. [6,7].

The research is focused on the parameters and
performance of the quasioptimal algorithm of MUD,
developed in [1]. The algorithm uses discrete consecutive
search. The fast-response of the algorithm is due to strong
criteria of search discontinuation and selection of start point of
the optimization after the single correlation receiving.

A block diagram of Fig. 2 is used for programming of the
algorithm. The result of the analysis is the error probability of
the algorithm, the dependency of its accuracy from the
number of iterations, users and modulation type.

II. BLOCK DIAGRAM OF QUASIOPTIMAL
ALGORITHM FOR MUD

The block schematic of the studied system is shown on
Fig.1. The processing is in baseband and consists of K number
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of receivers. It is supposed that the signals from different
transmitters are statistically independent. K users transmit
synchronously signals with direct spread spectrum (DSS) and
M-QAM modulation.
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Every branch is a correlation receiver with output the
received vector z, d =[d,,d,,...,d,]" is a vector column that
consists the value of the modulated symbol with duration T
coming from the k user. n(?) is the realization of complex
additive white Gaussian noise (AWGN) in the input of the
receiver with independent real and imaginary component and

6’ =No/2 [W/Hz].
H =diag[a,e’” ,a,e’™,....,a,.e” ] is a diagonal matrix and

each of them has

the elements in the main diagonal are the complex
transmission coefficients of the channel for each user in k-th
channel. The channel is supposed to be with slow flat Raleigh
fading. The amplitudes have Raleigh distribution; the phase
difference distribution in the channel is uniform in the interval
[0,2n]. It is assumed that the channels for each user are

statistically independent. E = diag [\/E ,\/E ,,,,,,\/E ] is

a diagonal matrix. \/ET is the symbol energy for the k-th user,
¢ — is a matrix with rows the spreading sequence for each user
and ¢, € {~1,+1}. The length of the sequences is equal to
N- N =T,/T,, T.is the element duration.

A block diagram of the algorithm is shown on figure 2.
The two base parameters are number of iterations and number
of vectors that are independent points on the diagram of states.

The objective function of likelihood for the algorithm is
expressed in matrix form as:

QW) =|(r-H'"d)| )

The decision for the transmitted symbols is made by:



d = arg {mdin[Q(d)]} . @)

The work of algorithm is described with following five

steps:

1. dyris hard decision vector from demodulator.

2. Generation of K+1 vectors d. They have vector space
with Hamming distance H,~=1 with consecutive
changes of each element of the vector. dy.; vector is
dyr vector. If modulation rate is higher, Hamming
distance can be set to 2 or 3. Then the number of
vector K will be higher, as is shown on figure 3.

3. Calculate Q function for every K+1 vectors and find
minimum value of Q and number of corresponding
vector in d.

Get starting vector d .

Generation of K+/
vectors d

!

Find vector X,
that function Q is maximum

X :arg{mdin [Q(d,)]}, i=1L.,K+1

X =dy, is
chosen
vector

X is chosen
vector

[~

Save better vector v
den=X

Fig. 2. Block diagram

4. If X is equal to dg.; vector, the initial state dj; is
optimum and exit is reached.

5. If X is not equal with dy.,; vector, new best vector is
estimated and dg,; vector became X vector. This
process stop after L iterations.
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® = Vector from hard decision

Fig. 3. 32 QAM vector diagram and number of
vectors when H,;=1, 2

With this block diagram different values of Hamming
distance can be evaluated. Also different values of number of
cycles can be investigated.

III. RESULTS OF SIMULATIONS

For the purposes of the research a model program in
MATLAB, which finds bit error probability (BER) in
different cases, is created.

Studies have been made in base band under the following
conditions. The CDMA processing gain of the spreading
sequences is N = 31, and the sequences are randomly
generated. Perfect power control and synchronisation is
assumed. The channel is modelled as AWGN with slow
Raleigh fading, and channels transmission coefficients are
known. Hamming distance for all simulations is H,=1.
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Fig. 4. BER depending on SNR and K=5
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Fig. 5. BER depending on SNR and K=10
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Fig. 6. BER depending on SNR and K=15

The results of figures were obtained in five iterations of
the algorithm, L=5. As described above, experiments were
done for 5, 10 and 15 users of the system in two types of
modulation QPSK and 16QAM.

On figure 4, 5 and 6 is shown BER depending on SNR and
modulation type for five, ten and fifteen active users
respectively. Curves from hard decision ML receiver are
marked as “before algorithm” and curves after MUD
algorithm are marked as “after algorithm”. It is seen from
figure 4,5 and 6 that the algorithm for MUD reduces error
probability in contrast of hard decision ML receiver.

When increasing the modulation rate M, values of BER
increases and the algorithm needs more iterations to reach the
same levels of bit error probability as at lower modulation rate.

Changing the number of iterations of the algorithm has
great influence on BER. The results are shown in the next
figures — fig.7, fig.8.
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Experiments were made with 1, 3 and 5 iterations of the
algorithm, two types of modulation QPSK and 16QAM and
ten users of the system.

It is important to note that each next algorithm’s iteration
reduces the BER. This continues until a certain optimum
value for the number of cycles L. After reaching this value
BER decrease stops and increase of L becomes meaningless.

-{ —— QPSK hefore algorithm
| —— QPSK 1 iteration
-------- | — QP3K 3 iterations
........ | —— QPSK 5 iterations
N e
. P e s
T CAR SRR SO . .. . AR A
o
10
10’ i I i i i
0 5 10 15 20 2 30
SNR, dB
Fig. 7. BER depending on SNR and number of
iterations L for QPSK modulation K=10
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Fig. 8. BER depending on SNR and number of
iterations L for 16QAM modulation K=10

Figure 9 presents BER depending of number of users K for
hard decision (before algorithm) and after proposed
quasioptimal algorithm for MUD. Curves present values for
QPSK and 16QAM modulations by SNR=20dB.
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Fig. 9. BER depending on K for QPSK and 16QAM

IV. CONCLUSION

The paper presents a development of quasioptimal
algorithm for multiuser detection. Through it identifies:
performance of the algorithm - respectively the lower limit of
the bit error probability in a channel with Rayleigh flat fading
and dependency on modulation rate and number of iterations.
Program model of system is realized in MATLAB, in order to
research the algorithm performance and their parameters.
Graphic presentations from the measurements are given to
prove the exactness of the analytical formulas.

The results show that the algorithm for MUD reduces error
probability in contrast of hard decision ML receiver. By
increasing the modulation rate M, values of BER increases
and the algorithm needs more iterations to reach the same
levels of bit error probability as at lower modulation rate.

Smaller values of BER after algorithm are expected
outcome of the experiments and can be recorded from charts.
In the model have not been used any time and phase distortion
or synchronization methods. This would lead to lower values
of BER under the same parameters. These are plans for future
research.
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