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Abstract: The Bell Labs layered space—time (BLAST) algorithm is simple, and hence, a popular choice for a
multiple-input-multiple-output (MIMO) receiver. Because of the difficulties that arise due to the optimal
ordering in terms of BER, while considering real analytical evaluations, the one and only solution is by
introducing OSIC schemes to improve the performance of the system in terms of BER. In this article we are
improving the performance of the system in terms of BER; by introducing OSIC schemes along with the
Minimum Mean Square Error detector that also combat the error propagation of the system. We have also
analyzed the BER performance of these MIMO schemes using different modulation techniques like BPSK, QPSK
and 16 QAM with different antenna configurations in classical independent identically distributed (i.i.d)
Rayleigh fading channel and Rician fading channel. Finally we observed that BPSK and QPSK modulation
techniques give the almost same result in VBLAST with the given detection technique in both the channels and
16-QAM modulation technique gives the worst result. We have also concluded that as we keeping number of
receiving antennas more than transmitting antenna we get better BER performance that means we can remove
the more errors. If number of transmitting antennas are more than receiving antennas we get worst BER
performance that means we can remove fewer errors.

Keywords:- Binary Phase Shift Key (BPSK), Bit Error Rate (BER), Multiple input multiple output (MIMO),
Minimum Mean Square Error (MMSE), Ordered Successive Interference Cancellation (OSIC), Quardrature
Phase Shift Keying (QPSK),Quadrature Amplitude Modulation (QAM), Independent identically distributed
(i.i.d), Bell Labs layered space-time (BLAST).

Il Introduction

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].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. In V-BLAST
[5] the parallel transmission of the different data streams has been carried out by placing each input data stream
into different independent sub streams over the ‘n’ transmitting antennas. At the receiver end, antennas receive
the sub-streams, which are mixed and superimposed by noise. Detection process [5] mainly involves three
operations: Interference Suppression (nulling), interference cancellation (Subtraction) and Optimal Ordering.
The interference nulling process is carried out by projecting the received signal into the null subspace spanned
by the interfering signals. The interference cancellation process is done by subtracting the detected symbols
from the received vectors. The optimal Ordering is the last process that ensures the detected symbol has highest
Signal to noise ratio (SNR). So, V-BLAST algorithm [6] integrates both linear and non-linear algorithms
presented in the interference nulling and interference cancellation respectively. 'n an independent, identically
distributed (i.i.d) Flat fading Ricean channel [1] with ‘N’ transmitting antennas and ‘M’ receiving antennas In
this we will considered receiving antennas are greater than or equal to transmitting antennas (M>N), the first
detected sub-stream has a diversity gain of only M-N+1 [2].

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

j; (2)
y = MHx+n

where Yy € C N s the received signal vector, X € C M1 is the transmitted signal vector with zero mean and

unit variance, P is the total transmit power, H € C N*M 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
1 ! ©)
2 1\2
H~R} H, (Ry,’)

where x ~ y denotes that x and y are identical in distribution, R, and Ty, are the normal correlation distribution
matrices at the R, and transmitter (T,) respectively, and Hy, e CV*™ contains i.i.d complex Gaussian entries with
zero mean and unit variance.

I1. 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 [10].

3.2 Rician Fading Channel

The presence of a fixed (possibly line-of-sight or LOS) component in the channel will result in Ricean
fading [1].In the presence of an LOS component between the transmitter and the receiver, the MIMO channel
may be modeled as the sum of a fixed component and a fading component and given by following equation

H= k H+ k H,
T 1+ k 1+k°"

1% H = E[H] is the LOS component of the channel.

k . .
[m H,, is the fading component.

k > 0 in equation is the Ricean k-factor and when k = 0, we have pure Rayleigh fading channel and k = o
corresponds to a non-fading channel.

V. Decoding Algorithm for V-BLAST System
In decoding algorithm, the strongest symbol is detected in the first step and second step is to cancel the
effects of this strongest symbol from all received signals and in third step algorithm detects the next strongest
symbol. This process has been repeated until all the symbols are detected with the optimal detection order from
the strongest symbol to the weakest one. This is the original decoding algorithm [2] 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.1
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1 “2 I3
r Decode & H,
o| Decode J| ¢ Hy 2 » I Y SR I
Lad L » 2 Lad
C1
v v
(Q'I Fﬂ

Fig.1 VBLAST Decoder block diagram 52|Page
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The algorithm includes three steps:
e ordering;

¢ interference cancellation;

o Interference nulling.

4.1 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 all of the receiver equations are
canceled. The process continues until all symbols are detected. Of course, the order in which the symbols are
detected will impact the final solution.

4.2 Interference Cancellation

At stage n of the algorithm, when ¢, is being detected, symbols c;,c,,...,c,_; have been already
detected. Let us assume a perfect decoder, that is the decoded symbols &, &, ... ....., ¢,_; are the same as the
transmitted symbols ¢y, ¢, ..., ¢c,_1.

Therefore, at the n'" stage of the algorithm after detecting the nth symbol as ¢,[10], its effect is canceled from
the equations by

Typ1 =1, + G Hy (@)

4.3 Interference Nulling

In this step the nth symbol is detected by nulling the interference caused by symbols ¢,.1, Cny2,---,Cx -
Like any other interference suppression problem, there are many different methods to detect a symbol in the
presence of interference.

V. MMSE-V-BLAST Decoder
The MMSE receiver suppresses both the interference and noise components. At low SNR, MMSE
becomes matched filter. For MMSE-V-BLAST, the nulling vector for the i" layer is

. 1 \*
w =(HiHi*+—Ij h,
snr . i=1,2....N

Where H, = C"* consists of the first I columns of H.

5.1 Minimum Mean Square Error (MMSE) With SIC
In order to consider OSIC with MMSE, Covariance matrix of the estimation error (s — s, ) Cwill
be used to determine good ordering for detection and can be written as

Q= E[(S — Sest) (S — Sest)H] = 0-13(“1 + HHH)_l = O',%P 5)
And the procedure considered for this will be explained in these three steps:

1) Compute W (P is obtained while determining W). Find the smallest diagonal entry of P and suppose this is
the p-th entry. Permute the p-th column of H to be last column and permute the rows of W accordingly.

2) From the estimate of the corresponding elements of s.

In case of MMSE: (ses) = WM x

Where the weight vector equals row M (number of transmitting antennas) of the permuted W

3) While M-1>0 go back to step 1, but now with: H — H M—1=nhl ... ... ... ... hM—1 So here we can see that
we get optimal ordering by using MMSE with OSIC A bank of linear MMSE receivers, each estimating one of
the parallel data streams, with streams successively cancelled from the received vector at each stage can be
easily explained with block diagram in figure.2
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Fig.2 SIC MMSE detector

VI.  Simulation and Results
We have done the simulation using MATLAB. Different graphs show the performance of MMSE
detector with and without ordering schemes, which proves the better performance of the given detector using
optimal ordering. By considering the different antenna configurations with the modulation techniques like BPSK
and QPSK, the performance of the MMSE detector has been considered, which shows by keeping more number
of antennas at the receiver the performance has been improved as compare to the number of antennas at the
transmitter side.

Ty= Q-Rﬁ( =2 Comparison of MMSE YBLAST using different modulation IN Rayleigh CHANNEL Ty = 2R =2, Comparison of MMSE VBLAST using difierent modulation IN Rician CHANNEL
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Fig.3 and Fig.4 Shows Comparison of different modulations in MMSE V-BLAST in Rayleigh and Rician
Channel
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In Figure3, we have observed that BPSK and QPSK have almost the same results and 16 QAM has the
worst result than BPSK and QPSK. At BER 0.001, there is approximately 5 dB difference between the

BPSK and16 QAM modulations in MMSE in Rayleigh Channel.
In Figure4, we have observed that BPSK and QPSK have almost the same results and 16 QAM has the

worst result than BPSK and QPSK. At BER 0.01, there is approximately 6 dB difference between the
BPSK and16 QAM modulations in MMSE in Ricean Channel.

%= 2R = 2 Comparison of MMSE-OSIC VBLAST using diferent modulation IN Rician CHANNE
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Fig.5 Fig.6
In Figure5, we have observed that BPSK and QPSK have almost the same results and 16 QAM has the worst
result than BPSK and QPSK. At BER 0.001, there is approximately 7 dB difference between the BPSK and16
QAM modulations in MMSE-OSIC in Rayleigh Channel. In Figure6, we have observed that BPSK and QPSK
have almost the same results and 16 QAM has the worst result than BPSK and QPSK. At BER 0.01, there is
approximately 8 dB difference between the BPSK and16 QAM modulations in MMSE-OSIC in Ricean

Channel.

PERFORMANCE OF VBLAST USING BPSK modulation IN RAYLEIGH CHANNEL using mmse ¢ PERFORMANCE OF VBLAST USING QPSK modulation IN RAYLEIGH CHANNEL using mmse (
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Figure.8: BER for MMSE-VBLAST using QPSK

Figure.7: BER for MMSE-VBLAST using BPSK
modulation in Rayleigh Channel

modulation in Rayleigh Channel
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M XN BER M X N BER
1X4 0.000398 1X4 .000398
4X4 0.0050 4X4 0.050
1X2 0.050 1X2 0.025
X2 001 2X2 0.079

Table.1: BER for MMSE-VBLAST using BPSK
modulation in Rayleigh Channel at SNR=2dB

Table.2: BER for MMSE-VBLAST using QPSK
modulation in Rayleigh Channel at SNR=2dB

From Figure.7 we conclude that 1x4 antenna configuration gets an optimal result than another antenna
configurations using BPSK modulation in Rayleigh channel and the table.1demonstrates this by showing the
values of the BER of the different antenna configurations, in which 1 x 4 antenna configuration has minimum
BER. So we conclude that 1x4 configuration gives the best result for MMSE-VBLAST decoder in the Rayleigh
Channel.

From Figure.8 we conclude that 1x4 antenna configuration gets an optimal result than another antenna
configurations using QPSK modulation in Rayleigh channel and the table.2 demonstrates this by showing the
values of the BER of the different antenna configurations, in which at SNR of 2dB, 1X4 antenna configuration
has the minimum value of 0.00398 as BER than other antenna configurations. So we conclude that 1x4
configuration gives the best result for MMSE-VBLAST decoder in the Rayleigh Channel.

VII.  Conclusions
By introducing the OSIC schemes the performance of VBLAST architecture with the MMSE detector
has been improved. OSIC schemes also improve the V-BLAST system by combating the error propagation.

Furthermore we observed that BPSK and QPSK modulation techniques give the almost same results in

VBLAST with the given detection technique in both the channels and 16-QAM modulation technique gives the

worst results. Finally we concluded that as we keeping number of receiving antennas more than transmitting

antenna we get better BER performance. If number of transmitting antennas is more than receiving antennas we
get worst BER performance.
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