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Abstract: Wireless communication technology has shown that the application of multiple antennas at both
transmitter and receiver sides improve the possibility of high data rates through multiplexing or to improve
performance through diversity compared to single antenna systems. In this article, the BER performance of
MMSE and Maximum Likelihood (ML) -Vertical Bells Lab Layered Space Time Architecture (V-BLAST) with
different modulation techniques such as BPSK and QPSK, in Rayleigh flat fading channel has been considered.
Further, the comparison of these modulation techniques with different multiple antenna configurations in
Rayleigh channel is carried out. It has been concluded that both the decoders perform better using BPSK
modulation scheme as compare to QPSK modulation scheme and we obtain more optimal results for 1x 4
antennas for both MMSE V-BLAST and ML-V-BLAST system in Rayleigh channel. While comparing the ML
and MMSE-VBLAST for 2 X 2 antenna configurations, the better results has been obtained for ML-VBLAST
System as compare to MMSE V-BLAST System in Rayleigh Channel.

Keywords: Binary Phase Shift Key (BPSK), Bit Error Rate (BER), Minimum Mean Square error (MMSE),
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l. INTRODUCTION

Wireless communication system with multi-antenna arrays has been a field of intensive research on
the last years [10]. The use of multiple antennas at both the transmitter and the receiver sides can drastically
improve the channel capacity and data rate [8]. The study of the performance limits of MIMO system [3]
becomes very important since it will give lot ideas in understanding and designing the practical MIMO systems
[4]. Vertical-Bell Laboratories Layered Space-Time (V-BLAST) Architecture and first practical implementation
of this architecture on MIMO wireless communications to demonstrate a spectral efficiency as high as
40bits/s/Hz in real time in the laboratory [6]. Many schemes have been proposed to explode the high spectral
efficiency of MIMO channels, among which V-BLAST [6] is relatively simple and easy to implement and can
achieve a large spectral efficiency. Detection process [5] mainly involves three operations: Interference
Suppression, interference cancellation and Optimal Ordering [12].V-BLAST algorithm [6] integrates both linear
and non-linear algorithms presented in the interference nulling and interference cancellation respectively, in an
independent identically distributed Flat fading Rayleigh channel [1] with ‘N’ transmitting antennas and ‘M’
receiving antennas [12].

1. MIMO CHANNEL MODEL

Let us consider a communication system with ‘N’ number of transmitting antennas and ‘M’ number of receiving
antennas in Ricean Flat Fading channel [1] shown in Fig. 1.
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The sampled baseband representation of signal is given by
y=Hx+n )
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And the complex baseband representation of signal [7] is given by

y =V (P/M)H x+n 2)
Where y ¢ CN* ! is the received signal vector, x ¢ C'** is the transmitted signal vector with zero mean and unit
variance, P is the total transmit power, H & CN*™ is the channel response matrix with possibly correlated fading
coefficients. In order to access the performance of V-BLAST in correlated channel, we adopted a correlation-
based channel model which is expressed as

H__ R1/2 Rx HW (Rl/z Tx) T (3)
where x ~y denotes that x and y are identical in distribution, R g and T 1 are the normal correlation
distribution matrices at the R, and transmitter (T ,) respectively, and Hy, ¢ CN*™ contains independent
identically distributed complex Gaussian entries with zero mean and unit variance.

1. FADING CHANNEL
Fading is used to describe the rapid fluctuations of the amplitudes, phases or multipath delays of a radio signal
over a short period of time or travel distance, so that large scale path loss effect may be ignored.

3.1 RAYLEIGH FADING CHANNEL

The fading effect is usually described statistically using the Rayleigh distribution. The amplitude of two
quadrature Gaussian signals follows the Rayleigh distribution whereas the phase follows a uniform distribution.
The probability distribution function (PDF) of a Rayleigh distribution is given by

N

r —r? 0<r< 4)
p(r) =102 ¢\ 202 =r=e
0 (r<0)
Where 6 is the RMS (amplitude) value of the received signal and o is the average power.

V. V-BLAST-SYSTEM-MODEL
A high-level block diagram of a V-BLAST system [5] is shown in

<

|

4 I

TX

(
<
l

=]
] ) ) B

Tx data } = Fasing VBLAST Signal
Vector Channel

<
<

- . Processing: estimate
Encoder o ;
EX and decode
TX

<
<

'

FX '\ -//

-~

T

Fx

|
5

Figure.2 V.BLAST MIMO Swystem Model

4.1 ENCODER

For simplicity, we base our explanation on Figure 2. Suppose the number of transmitting antennas is
My and the number of receiving antennas is Mg. For example we take QAM modulation, transmitters 1 to M+
operate co-channel at symbol rate 1/T symbols, with synchronized symbol timing. This collection of
transmitters constitutes a vector drawn from a QAM constellation. Receivers 1 to Mg are individually
conventional QAM receivers. The receivers also operate co-channel, each receiving the signals radiated from all
My transmit antennas. Flat fading is assumed and the matrix channel transfer function is H Mo XM where h ijis
the complex transfer function from transmitter j to receiver i and Mt X Mg. We assume that the transmission is
organized in bursts of L symbols and that the channel time variation is negligible over the L symbol periods,
comprising a burst, and that the channel is estimated accurately using training symbols embedded in each burst
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Leta=(a; a...... an) | denote the vector of transmit symbols. Then the corresponding received Mg
vector i
rn=Ha+n
Where n is a wide sense stationary (WSS) noise vector [11].

4.2 DECODER

The decoder needs to demodulate the symbols on the received vector. If channel encoding is used, then
the demodulated symbols need to be buffered until the whole block can be decoded. Otherwise, the
demodulation can be done immediately.

V. DECODING ALGORITHM FOR V-BLAST SYSTEM

One approach to a lower complexity design of the receiver is to use a “divide-and-conquer” strategy
instead of decoding all symbols jointly. First, the algorithm decodes the strongest symbol. Then, canceling the
effects of this strongest symbol from all received signals, the algorithm detects the next strongest symbol. The
algorithm continues by canceling the effects of the detected symbol and the decoding of the next strongest
symbol until all symbols are detected. The optimal detection order is from the strongest symbol to the weakest
one. This is the original decoding algorithm [5] of V-BLAST preset. It only works if the number of receive
antennas is more than the number of transmit antennas, that is M x N. Decoding Algorithm of V-BLAST is
shown in Figure.3
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Fig.3 VBLAST Decoder block diagram

The algorithm includes three steps which includes ordering, interference cancellation and Interference nulling

5.1 ORDERING
In decoding the first symbol, the interference from all other symbols is considered as noise. After finding the
best candidate for the first symbol, the effects of this symbol in the entire receiver equations are canceled [12].

5.2 INTERFERENCE CANCELLATION
At stage n of the algorithm, when ¢ , is being detected, symbols c;, ¢, ¢,.1 have been already detected.
Let us assume a perfect decoder that is the decoded symbols (¢;,¢C, and ¢,_;) are the same as the transmitted
symbols ¢;, ¢y, Cy;. One can subtract Zile'lciHi from the received vector r to derive an equation that relates
remaining undetected symbols to the received vector
n—1 (5)
T, =r—ZciHi+N,
i=1
N (6)
T, =ch-Hl- +N, n=12...N-1
=n

In fact, by using induction in addition to the convention r; = r, one can show that
The1 =T, —CcH,, n=123..N-1 (7
Therefore, at the n™ stage of the algorithm after detecting the nth symbol asz,, its effect is canceled from the
equations by
Tys1 =T, + E, H,, (8)

This interference cancelation is conceptually similar to DFE [2].

5.3 INTERFERENCE NULLING

Interference nulling is the process of detecting ¢, from r,, by first removing the effects of undetected
symbols. Basically, in this step the nth symbol is detected by nulling the interference caused by symbols ¢4,
Cn+2, Cn- Like any other interference suppression problem, there are many different methods to detect a symbol in
the presence of interference.
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VI. ML-V-BLAST-DECODER
The ML receiver [12] performs optimum vector decoding and is optimal in the sense of minimizing the
error probability. ML receiver is a method that compares the received signals with all possible transmitted signal
vectors which is modified by channel matrix H and estimates transmit symbol vector C according to the
Maximum Likelihood principle [12], which is shown as:

C = argmin[r — CH]]IZ: )
C
where F is the Frobenius norm. Expanding the cost function using Frobenius norm given by
C = argmin [Tr[(r — C'H)M. (r00 — C'H)” (10)
C
C = argmin|Trfr".r + HY.C".C.H— H.C".r — M.C"H]| (11
C

Considering r". r is independent of the transmitted codeword so can be rewritten as

C = argmin|Tr[H".C™".C". H| — 2.Real(Tr[H".C".r ])] (12)
c

Equation (12) can be re-written for multiple receivers as shown in equation (13).

tr (13)
C = argmin Z [HE.CcH.C . H, — 2.Real(H!.C".1,,)]
o -

m=1

Where ." is a Hermition operator. We can write the cost function for only one receiving antenna and then added
up to achieve for Mg receiving antenna.

[HE.CM.C.H,, —2.Real(H}.C .r,)]] (14)

Where the minimization is performed over all possible transmit estimated vector symbols. Although ML
detection offers optimal error performance, it suffers from complexity issues.

VIL. MMSE-V-BLAST DECODER
The MMSE receiver suppresses both the interference and noise components. This implies that the mean
square error between the transmitted symbols and the estimate of the receiver is minimized. At low SNR,
MMSE becomes matched filter [12].

VIII. SIMULATION AND RESULTS
The simulation has been carried out by using MATLAB 7.0 for the Bit Error Rate (BER) Performance
of the ML-VBLAST System [13]. The simulation of BER performance of ML-VBLAST and MMSE-VBLAST
Systems in Rayleigh flat fading channel [1] has been done using the different modulation techniques like BPSK
and QPSK
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Figure 4 and 5 shows BER for ML-VBLAST and MMSE-VBLAST using QPSK modulation
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M XN BER M XN BER
1X4 .0025 1X4 .000398
4X4 0.0050 4X4 0.050
1X2 0.019 1X2 0.025
2X2 0.01 2X2 0.079
Table 1 Table 2

Table 1 and Table 2 shows BER for ML-VBLAST and for MMSE-VBLAST using QPSK modulation in
Rayleigh Channel

In Figure 4 and 5, we get an optimal result for 1x4 antenna configuration than another antenna
configurations using QPSK modulation in Rayleigh channel. From table.1, At SNR=2dB, 1X4 antenna
configuration has the minimum value (0.0025) of BER than another configuration. From Table.2, At SNR=2dB
1X4, antenna configuration has the minimum value (0.000398) than other antenna configuration. So we can say
that 1x4 configuration has best performance than another antenna configurations using QPSK modulation in
Rayleigh channel both for ML and MMSE.
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Figure 6 and 7 shows Comparison of ML and MMSE-VBLAST using BPSK and QPSK modulation

Finally, the comparison of ML-VBLAST and MMSE-VBLAST decoders in 2X2 antenna configuration using
BPSK and QPSK modulations has been considered. In figure 6 at SNR = 6dB, the value of BER for ML-
VBLAST decoder is 0.001 and for MMSE-VBLAST is 0.01 and In figure 7 at SNR = 6dB, the value of BER for
ML-VBLAST decoder is 0.001 and for MMSE-VBLAST is 0.031which shows that ML-VBLAST decoder
gives the better result than MMSE-VBLAST decoder for both BPSK and QPSK modulation techniques.

IX. CONCLUSIONS
Finally, it has been concluded that by keeping more number of receiving antennas than transmitting
antennas, a better BER performance has been achieved and more number of errors can be removed. Keeping
more number of transmitting antennas than receiving antennas results in a worst BER performance and removes
a few errors. By comparing ML-VBLAST and MMSE-VBLAST decoders in Rayleigh channel for both BPSK
and QPSK modulations a better performance in case of ML-VBLAST decoder has been achieved.
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