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Abstract— Multiple Input Multiple Output (MIMO) systems 

have been comprehensively studied in context of wireless 

communication system, which promises the both increased 

capacity and link level reliability. In this paper we will 

analyze Vertical Bell Labs Layered Space Time (V-BLAST) 

system at high signal-to noise ratio (SNR) region using 

BPSK and QPSK modulation by using various decoding 

techniques. We will consider a point-to-point MIMO 

communications over an independent, identically distributed 

(i.i.d) Rayleigh flat fading channel with two transmitting 

antennas and four receiving antennas. We will analyze the 

zero-forcing (ZF), minimum mean square error (MMSE), 

zero-forcing + Ordered Serial Interference Cancellation 

(ZF+OSIC), minimum mean square error + Ordered Serial 

Interference Cancellation (MMSE+OSIC) and Maximum 

Likelihood (ML) decoding techniques with respect to their 

BER performances. V-BLAST system is compared with 

different modulation technique and system gets better result 

in BPSK modulation.                                            
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I. INTRODUCTION 

Wireless communication system with multi-antenna arrays 

has been a field of exhaustive research on the last years. The 

use of multiple antennas at both the transmitter and the 

receiver sides can significantly improve the channel capacity 

and data rate [1]. The study of the performance limits of 

MIMO system becomes very vital since it will give us a lot 

of ideas in understanding and designing the realistic MIMO 

systems. There are many schemes that can be applied to 

MIMO systems such as Space Time Block Codes, Space 

Time Trellis Codes and Vertical Bell Labs Space Time 

system (V-BLAST). In this article, we study the general V-

BLAST system with Maximum Likelihood (ML), Zero 

Forcing (ZF) and Minimum Mean Squared Error (MMSE) 

detectors in Rayleigh fading channel by using various 

modulation techniques such as BPSK and QPSK. Space 

Time Layered Architecture offers a immense increase in 

capacity and data rate, shows potential of linear growth with 

the size of antenna array under some conditions. First Bell 

Laboratories Layered Space Time Architecture now widely 

known as D-BLAST is one of the approaches to enhance the 

data rate and capacity of the system. D-BLAST has a 

computational complexity [5]. 

To reduce the computational complexity of D-

BLAST, we will use a simplified version of BLAST known 

as Vertical Bell Laboratories Layered Space Time (V-

BLAST) [3]. In V-BLAST, at the transmitter the input data 

streams are de-multiplexed into „n‟ autonomous sub-

streams, which are transmitted parallel over the „N‟ 

transmitting antennas. At the receiver end, antennas receive 

the sub-streams, along with noise. Detection of sub-streams 

at receiver of V-BLAST is completed by applying order 

determination, sequential interference nulling and signal 

cancellation. Although V-BLAST is well-known alike a 

Decision Feedback Equalizer (DFE) and is most favorable 

in terms of achieving the channel capacity. In an i.i.d 

Rayleigh Flat fading channel with „N‟ transmitting antennas 

and „M‟ receiving antennas (M≥N), the initial detected sub-

stream has a diversity gain of only M-N+1.The initial sub 

stream is the bottleneck which restricts the overall 

performance of the scheme. One can use the optimal 

ordering technique to mitigate this bottleneck effect. At each 

detection step the receiver should detect the data sub-stream 

with the highest post processing Signal to Noise Ratio 

(SNR). On the other hand, it is found that optimal ordering 

does not enhance the diversity gain when there are two 

transmitting antennas (N=2) but diversity gain remains 

unidentified if we apply optimal ordering and help to 

improve in general cases. 

II. SYSTEM MODEL OF V-BLAST 

The V-BLAST system is simplified version of D-BLAST 

[5] that tries to diminish its computational complexity. But 

in doing so transmit diversity will be lost. The block 

diagram of a V-BLAST system is shown in Figure 1 

 
Fig. 1: V-BLAST System [3] 

A. Encoder 

A single data stream is de-multiplexed into M sub-streams, 

and every sub-stream is then encoded into symbols and fed 

to its respective transmitter. Transmitters 1 to M operate co-

channel at symbol rate 1/T symbols/sec, with synchronized 

symbol timing [3], [5]. 

B. Decoder 

The decoder demodulates the symbols on the received 

vector. If channel encoding is used, then the demodulated 
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symbols require to be buffered until the entire block gets 

decoded [3],[5]. Otherwise, the demodulation can be done 

instantaneously.  

III. RAYLEIGH FLAT FADING CHANNEL 

Interference is caused by two or more version of transmitted 

signals which arrive at different times at the receiver. These 

signals are called multipath signals. The systems in which 

bandwidth of transmitted signal is smaller than the 

coherence bandwidth of channel are called narrow band 

systems. In such systems flat fading or frequency selective 

fading takes place. For this Rayleigh distribution is used to 

illustrate the statistically time-varying nature of the received 

signal of a flat fading channel. The probability density 

function of the Rayleigh distribution is given as 

    {     
 

  
 
 

  

                             

                                         

 

Where 

σ   = RMS value of the received signal, 

σ
2
 = the average power. 

IV. DIFFERENT DECODERS 

The V-BLAST detection method is mainly classified as 

linear detection scheme, non-linear detection scheme and 

ordered successive interference cancellation detection 

scheme. ZF and MMSE comes under linear detection 

scheme whereas ML is a non-linear detection scheme and 

are described as below 

A. Zero Forcing Decoder (ZF) 

In Zero Forcing Decoder [7], inverse filter is used to balance 

the channel response function. Also we can say that on the 

whole response function at the output of the decoder is one 

for the symbol being detected while it has zero response for 

all other symbols. 

As zero forcing is a linear decoder, it does not 

consider the noise effects i.e it outcomes in the exclusion of 

interference from all other symbols in the absence of noise. 

It works most excellent with high SNR. 

If WZF is the zero forcing matrix then it should 

satisfy the condition 

       

Where 

              

              

 
Here H is the full rank square channel matrix and   is the 

transpose of the channel matrix. 

B. Minimum Mean Square Error Decoder (MMSE) 

MMSE decoder seeks to balance between interference 

cancellation and diminution of noise enhancement. If mean 

square error between the transmitted symbols and the output 

symbols of the decoder is taken as the performance measure, 

MMSE detector is the most excellent choice. 

If WMMSE is the minimum mean square error matrix 

then [7] 

      (    
 

   
 )

  

   

At high SNR, MMSE becomes Zero Forcing. 

C. Zero Forcing with Ordered Successive Interference 

Cancellation Decoder (ZF-OSIC) 

OSIC is basically based on subtraction of interference of 

previously detected elements of s from the receiver vector x. 

This results in a modified receiver vector in which less 

interferer are present. Decoding algorithm consists of 

mainly three steps which are summarizing 

- Compute   , find the minimum squared length row of 

  , say it is the p
th

 and permute it to be final row. 

Permute columns of H accordingly. 

- From the assessment of the corresponding elements of 

s. In case of ZF: 

             

Where the weight vector    equals row Nt of the permuted 

    

- While M-1>0 go back to step 1, but now with 

       
So we can see here with respect to ZF, the ZF with OSIC 

algorithm introduces additional complexity. 

D. Minimum Mean Square Error with Ordered Successive 

Interference Cancellation Decoder  (MMSE-OSIC) 

In order to do OSIC with MMSE, then the algorithm 

resulting as follows 

Covariance matrix can be written as 

[                 
 ]    

           
   

Covariance matrix of the estimation error    
      will be used to determine good ordering for detection. 

- 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. 

- From the estimate of the corresponding elements of s. 

In case of MMSE: 

             

Where the weight vector    equals row M of the permuted 

W and M is the number of transmitting antennas 

- While M-1>0 go back to step 1, but now with 

       
So here we can see that we get optimal ordering by 

using MMSE with OSIC  

ZF-OSIC and MMSE-OSIC come close to the 

capacity of the i.i.d Rayleigh Fading Channel. 

E. Maximum Likelihood Decoder (ML) 

The OSIC decoder and linear decoder have low complexity 

than the ML decoder. But the performance of ML decoder is 

superior than others discussed so far. This decoder works on 

the principle of max likelihood between the received signal 

and the product of channel matrix H with the transmitted 

signal vectors to find out the one with minimum distance. 

The ML detection method determines the 

approximate transmitted signal vector x as the following [7] 

 ̂      
 ̂

   ⟦    ⟧ 
  

Where F is the Frobenius norm and H is the 

modified channel matrix. 
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V. SIMULATIONS AND RESULT 

A. BER Performance of V-BLAST using BPSK Modulation 

 
Fig. 2: BER Performance of V-BLAST using BPSK 

Modulation 

Figure 2 shows simulation results for BPSK modulation 

with ML, MMSE, MMSE-OSIC, ZF, ZF-OSIC decoders for 

2x4 antenna configuration (Rayleigh Channel). At a certain 

BER=0.001, there is approximately 1.7 db SNR difference 

between MMSE and MMSE+OSIC detector and SNR 

difference between ZF and ZF+OSIC is approx 1.6 db. We 

can see here that performance curve of these two systems 

are close to each other when SNR is low, but gap gets larger 

when SNR gets higher. 

B. BER Performance of V-BLAST using QPSK Modulation 

 
Fig. 3: BER Performance of V-BLAST using QPSK 

Modulation 

Figure 3 shows simulation results for BPSK 

modulation with ML, MMSE, MMSE-OSIC, ZF, ZF-OSIC 

decoders for 2x4 antenna configuration (Rayleigh Channel). 

At a certain BER=0.001, there is approximately 1.5 db SNR 

difference between MMSE and MMSE+OSIC detector and 

SNR difference between ZF and ZF+OSIC is approx 1.6 db. 

We can see here that performance curve of these two 

systems are close to each other when SNR is low, but gap 

gets larger when SNR gets higher. 

VI. CONCLUSION 

In this paper, we studied MIMO V-BLAST system 

performance under i.i.d Rayleigh channel. Further this 

system is compared with different modulation techniques 

and system gets better result in BPSK modulation. Out of all 

decoders, ML decoder performs best in both modulation 

techniques.  
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