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Abstract
Objectives: To propose an optimal power allocation method for high-speed V-BLAST MIMO-OFDM system for better 
performance in terms of SNR and BER than the traditional methods. Materials and Methods: To study and evaluate 
the performance of two linear channel estimators, the Least Square Error (LS) and Linear Minimum Mean Square Error 
(LMMSE) are used for 4 ×  4 VBLAST Multiple input, multiple output-orthogonal frequency division multiplexing (MIMO-
OFDM) system with different modulation-4 QAM,16QAM and 64 QAM. For power allocation, optimal power is determined 
by the Greedy Power Allocation and the Cuckoo Search algorithm depending on the condition of the carriers measured 
from the channel estimation. Findings: Based on the detection method, Vertical Bell Labs Layered Space-Time (V-BLAST) 
MIMO-OFDM is found to be the high-speed system. Here, the proposed optimal power allocation method for high-speed 
V-BLAST MIMO-OFDM system showed a better performance in terms of Signal to Noise Ratio (SNR) and BER than the 
traditional methods. This thesis work has been evaluated based on different channel estimation with different modulation 
techniques for V-BLAST MMSE MIMO-OFDM System. The test program has been implemented in the latest technology 
system in Matlab R2013a. The experimental results show that our proposed method achieves better performance in terms 
of Bit Error Rate (BER) and SNR compared with the existing methods used for improving the performance of the MIMO-
OFDM. Linear MMSE proved efficient channel estimation technique over LS. MMSE -OSIC achieves very good performance 
with respect to other detectors in VBLAST MIMO-OFDM environment for 4×4 MIMO-OFDM systems. Application: This 
result would be useful to make efficient Adaptive MIMO-OFDM system. It would be also useful in adaptive modulation and 
power allocation concept for making better wireless communication system. This performance analysis can perform for 
different channel models.

1. Introduction 
Now a days lots of applications require wireless com-
munications. To broadcast a large amount of data rate, 
additional bandwidth is required which is very costly. So 
there is a need for us to move to the efficient concept of 
MIMO. In wireless communications, reliability can be 
accomplished with the help of Space-Time Code (STC) 

because here multiple redundant copies of data will be 
transmitted. Therefore, as a result, the high probability is 
accomplished. Using STC maximum amount of data can 
be fetched. Classifications of STC mainly two type, Space-
Time Block Code (STBC) and other Space-Time Trellis 
Code (STTC). To achieve diversity gain using STTC mul-
tiple antennas, multiple copies of data are issued. While 
in STBC to accomplished diversity gain block of data is 
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transmitted at a time. So it is the very straightforward 
technique than STTC. Combining both the techniques 
MIMO and OFDM Wireless communication becomes 
more profitable1-4.

MIMO provides peer-to-peer communication at the 
transmitter as well as at receiver side. Using the con-
cept of MIMO the High rate of data can be achieved 
without extra bandwidth. Three main components of 
MIMO are Transmitter, receiver, and channel. To achieve 
diversity gain in MIMO the important classification of 
coding algorithms are pre-coding, spatial multiplexing 
and diversity based scheme. Pre-coding mainly depends 
on the design of the antennas. While in spatial multiplex-
ing data streams are broadcasted to multiple antennas 
individually and in diversity based scheme, structured 
codes are broadcasted to space and time domain. MIMO 
consists of two types of equalization techniques mainly 
linear and non-linear. In the linear method of equaliza-
tion, Zero-Forcing and Minimum Mean Square Error are 
the standard linear detection technique. Though the lin-
ear technique is easy to execute, it will be affected from 
noise enhancement so they are not used in wireless com-
munications. Although it suffers from noise, it requires 
only low complexity for implementing the hardware. In 
this case, we can increase the performance by utilizing 
Ordered Successive Interference Cancellation (OSIC). 
But in the case of non-linear, it does not suffer from noise 
enhancement5,6.

In OFDM, data streams are broadcasted to a various 
number of subcarriers by splitting the high rate stream of 
data into many low-rate streams of data. To avoid Inter 
Symbol Interference, the guard time is introduced and 
to bypass Inter-Carrier Interference, OFDM symbol is 
expanded cyclically. To avoid the problem of interference, 
the OFDM transmits data using closely spaced narrow-
band orthogonal subcarriers. To acquire diversity gain 
OFDM is integrated with multiple antennas at transmitter 
and receiver. In OFDM, the channel is divided into vari-
ous sub-channels to achieve diversity gain. To maintain 
orthogonality with minimum frequency division to each 
other, the frequency of various subcarriers is overlapped. 
Here the available bandwidth is utilized powerfully. To 
achieve efficient communication in OFDM system a 
standard detection technique known as VBLAST is intro-
duced. Here the detection process utilizes techniques like 
zero-forcing and minimum mean square error. In this 
algorithm, at first, the most powerful signal is detected 
first and then the received signal is regenerated. After that 
this regenerated signal is subtracted from the received 

signal and the same process is repeated. To enhance per-
formance, the data stream is decoded with high Signal 
to Noise Ratio (SNR) at the receiver side. There are two 
operations in the detection process at receiver. First is 
the elimination of interference after that the process of 
detecting the first symbol is done. In Second step the 
detected symbol is subtracted from the received symbol 
then it utilizes various receivers to perform the detection 
technique7-13.

Several recent research papers with different 
approaches for improving the spectral efficiency of 
MIMO-OFDM Systems are reported in the literature. It 
has been proposed the fractional water filling algorithm 
for the coded Zero Forcing V-BLAST system which 
implemented joint power and rate allocation that simul-
taneously maximized instantaneous system capacity and 
minimized the outage probability of the MIMO-OFDM 
system14. The Fractional Water Filling (FWF) algorithm 
significantly outperformed other strategies. By analyzing 
the performance and simulation results, the full MIMO 
diversity is achieved by the FWF algorithm. For outage 
performance of the algorithms, precise approximations 
and a number of closed-form bounds were given. Many 
outcomes also applied to generic multi-stream transmis-
sion systems or the systems depending on successive 
interference cancellation. It has been proposed a speedy 
algorithm for inverse Cholesky factorization to calculate a 
triangular square-root of the estimation error covariance 
matrix for Vertical Bell Laboratories Layered Space-Time 
architecture (V-BLAST).Then It was applied to intend 
an improved square root algorithm for V-BLAST, which 
speeded up several steps compare to the previous one and 
can offer additional calculation savings in MIMO-OFDM 
systems. Compared to the conventional inverse Cholesky 
factorization, the proposed method has kept away the 
back substitution of the Cholesky factor and required 
only half divisions. Compared to existing V-BLAST algo-
rithms, this kind of V-BLAST algorithm was speedy. 

It has been proposed baseband processor which is 
efficient for MIMO-OFDM system specifically in uplink 
mobile communications15. They have also proposed an 
Inter-carrier Interference-based (ICI-cancellation-based) 
Carrier Frequency Offset (CFO) estimator to solve the 
CFO problem in the multiuser transmission. For mini-
mum Signal-to-Interference-Noise (SINR) ratio, it was 
executed based on an iterative search criterion. The effi-
cient maximum likelihood Bit-Error-Rate (BER) result 
was achieved by using two MIMO detectors-vertical Bell 
Laboratory layered space-time (V-BLAST) and V-BLAST 
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with maximum likelihood. Additionally, integration and 
verification of the complete transceiver were done by a 
System-on-Chip (SoC) platform to denote its efficiency. It 
has been proposed a superposition-based adaptive mod-
ulated STBC (SPAM-STBC) for improvement of adaptive 
modulation optimization of Space-Time Block Coding 
(STBC) in MIMO-OFDM systems. For the different 
channel conditions in transmit antennas, the prior adap-
tive modulated STBC chosen the same modulation based 
on averaging of the multiple channel gains. When differ-
ent modulation was preferred to every transmit antenna, 
the STBC decoding problem arose. In this method, they 
selected the best possible modulation corresponding 
to each channel circumstance by the super positioned 
space-time encoding and decoding. From simulation 
performances, it is clear that SPAM-STBC scheme gave 
better result compare to both the fixed and adaptive mod-
ulated STBC schemes by the maximum 0.407 bits/sec/Hz 
in terms of spectral efficiency. It has been developed an 
efficient process for error estimation of MIMO-OFDM 
system16. They have analyzed estimation in several appli-
cations. With increased complexity, while performing 
loading, the proposed algorithm gave the best perfor-
mance. They have shown system dependent performance 
for the algorithm of bit loading in coded OFDM. The pro-
posed method of Adaptive interleaving has come out to be 
a good option and accumulation in bit loading for coded 
OFDM. Finally, with targeting error rate to a certain limit, 
the application of the resulting expressions to an adap-
tive coded modulation algorithm gives an efficient result. 
From Signal to Interference plus Noise Ratio (SINR) and 
Bit Error Rate (BER), the proposed efficient power alloca-
tion algorithm is efficient for Cuckoo Search algorithm as 
well as Greedy power allocation and also to achieve better 
BER, the corresponding modulation is also adapted. For 
channel estimation, the Linear Minimum Mean Square 
Error (LMMSE) and Least Square Error (LS) are used for 
2x2 VBLAST MIMO-OFDM16. The presented work in 
this research paper is extended work of that.

2. Materials and Methods 

2.1 Cuckoo Search (CS) Algorithm in 
V-BLAST MIMO-OFDM
The objective of Cuckoo Search (CS) algorithmis to pro-
pose a new solution instead of the weaker fitness solution: 
The first step in this algorithm is to introduce a random 

population of n host nests with the power of the subcar-
riers Pi. The second step is to gain a cuckoo randomly by 
Levy flight behaviour, i which is defined by

Xi (t + 1) = Xi (t) + á ⊕ Levy (ë), á > 0   (2.1)
Where  Levy (ë) = t (−ë), 1 < ë < 3   (2.2)
Then calculate its fitness function, Fi by subtracting last 

best solution from present best solution. Now randomly 
choose nest (say j) among host nests and find its fitness 
function, Fj. The key point in this algorithm is to replace 
j by new solution, if Fj>Fi and at new locations build new 
ones using Levy flights. In finding the optimum solution, 
it is essential to keep current optimum nest and again ran-
domly find a cuckoo if Maximum Iteration is more than 
Current Iteration.Based on the results computed from the 
cuckoo search algorithm, the power allotted optimally to 
the subcarriers. Next, pivoting on the power allotted to 
the subcarriers modulation can be selected adaptively for 
modulating the symbols. The fundamental idea in adap-
tive modulation is to transfer at high data rate when the 
subcarrier power is valid and at lower data rate when the 
same is not at the good level. If the symbol cancellation 
is perfect, The BER, Ekn of the ith transmitted symbol in 
terms of the post- detection SINR can be calculated by

BERkn = Ekn = f(SINR)                                 (2.3)
The Signal to Noise Ratio (SNR) for the M-ary QAM 

can be calculated on knowing BER by

( )
2

11 2 1
3 4

CBERSNR Q−  = −        
(2.4)

Where ( )1Q x− = Inverse Q function

c = Coding rate = 
k
n

 =

From the values calculated from the equations (2.3) 
and (2.4), the modulation can be chosen adaptively as 
given by the Table 117.

2.2 Greedy Power Allocation in V-BLAST 
MIMO-OFDM
The greedy power allocation algorithm for allocating the 
optimal power to the subcarriers contains two stages. 
They are Initial stage and Data transmission stage.

2.2.1 Initial Stage
In the introductory stage, the bit and power allocation are 
resolved using a greedy algorithm. The steps concerned 
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in the greedy power allocation algorithm are as accompa-
nies: Let the total power constraint is Pt and the transmit 
power for the kth subcarrier Pk is given by

Pm,k = f(bm,k) Gm,k(H)                                                  (2.5)
Where bm,k = Number of bits transmitted with the car-

rier k from the mth transmitting antenna
Gm,k(H) = Pseudo inverse of the kth carrier
f(bm,k) = transmit power for transmitting bits with tar-

geted BER and it is given by 
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Where Pr(e)is the symbol error probability for 2 ≤ K≤ 
4 and N0 is noise power

Step 1: Initialization
bm,k=0 and Gm,k = 0
Step 2: Bit and power assignment iterations
The optimal bit and power allocation iterations con-

tinued until the following constraint is satisfied
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Then calculate the residual power for the transmission 
of one more bit as in the given equation

[ ])()1().()1( ,,,,, kmkmkmkmkm bfbfHGbP −+=+∆     
(2.8)

Find the subcarrier and the transmitting antenna 
which causes minimum value of  ΔPm,k by

kmkm
Pkm ,,

minarg}ˆ,ˆ{ ∆=
    

(2.9)

The number of bits for the next iteration is calculated 
by

1ˆ,ˆˆ,ˆ += kmkm bb
                 

(2.10)

Then calculate

kmkmkm
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(2.11)

Equation (2.8) can also be written as 
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Step 3: Optimal bit and power allocation values
After the iterations are completed by meeting the con-

straints in equation (2.7) the set of power,
KM

kmkmPP ,
1,1, }{ === and number of bits, KM

kmkmbb ,
1,1, }{ ===

to be allocated for the subcarriers will be obtained. Thus 
in the initial stage the optimal bit and power values are 
calculated and in the data transmission stage, the subcar-
riers will be allocated with these bit and power values.

2.2.2 Data Transmission Stage
In the transmission stage, the carriers will be allocated 
with optimal power and bits, found from the initial stage. 
The main aim of greedy power allocation is to allocate the 
maximum power to the subcarrier through strongest sub 
channel and lower power to the weaker one. For achieving 
this condition of the channel is estimated from channel 
estimation through SNR value and then the channels are 
sorted in the ascending order of their strength. After that 
the power and bit will be allocated optimally to the carri-
ers as determined from the initial stage18,19.

Hence from the estimated channel information the 
technique of adaptive modulation and optimal power 
allocation can be done in the V-BLAST MIMO-OFDM 
with the use of Cuckoo search algorithm as well as greedy 

Table 1. Adaptive Modulation based on given SNR and BER

Modulation SNR
 BER=10-2

SNR
 BER=10-3

SNR
 BER=10-4

8QAM 1/2 8 < SNR < 10.5 10 < SNR < 12.5 11.5 < SNR < 14
8QAM 3/4 11 < SNR < 13.5 13.5 < SNR < 15.5 15 < SNR < 17
16QAM 1/2 10.5 < SNR < 11 12.5 < SNR < 13.5 14 < SNR < 15
16QAM 3/4 13.5 < SNR < 16.5 15.5 < SNR < 18.5 17 < SNR < 20
32QAM 1/2 13.5 < SNR < 16.5 15.5 < SNR < 18.5 17 < SNR < 20
32QAM 3/4 16.5 < SNR < 19.5 18.5 < SNR < 22 20 < SNR < 23
64QAM 1/2 16.5 < SNR < 19.5 18.5 < SNR < 22 20 < SNR < 23

64QAM 3/4 SNR > 19.5 SNR > 22 SNR > 23



Indian Journal of Science and Technology 5Vol 10 (17) | May 2017 | www.indjst.org 

Rajvirsinh C. Rana and Jagdish M. Rathod

power allocation algorithm. The capacity of the system 
will be also improved and it yields good BER perfor-
mance. The results obtained with the proposed system are 
discussed in the following section.

3. Results and Discussion
The proposed system is employed in the MATLAB plat-
form with the system configurations of Intel core i3 
processor, 4GB RAM and Windows 8 Operating sys-
tems. We are analysing the execution of the proposed 
representation using 4x4 V-BLAST MIMO-OFDM. The 
records used for communication through the system are 
produced by the Pseudo Random series creators with the 
data rate of 64 kbps. The complete power constraint on 
the system to the transmission of signals is 1W, which is 
allotted to the subcarriers. The whole channel bandwidth 
is 20 MHz and is segmented into 64 subcarriers every 
with the random amount of assigned power. The signals 
to be transferred are encoded with convolution encoding, 
and they are plotted into symbols by M-ary QAM. Next, 
they are changed into the time domain through IFFT 
with the size of 64, and the sampling rate is 20MHz. After 
that, the cyclic prefix is supplemented to the symbols with 
the length of 16 that is 16 bits from the extremity of the 
series is bound previously the beginning of the bit series. 
Then, they are inherited by the transmitting antennas 
to the recipient side through the Rayleigh fading chan-
nel. At the recipient side, the signals are demodulated 
by ejecting the cyclic prefix and changing it back to the 
frequency domain. Consequently, the similar signals are 
used for channel computation and V-BLAST decoding to 
recover the communicated signal. In the Channel estima-
tion stage, the cuckoo search algorithm is implemented 
for optimal power allotment and adaptive modulation. 
The results demonstrate that the proposed system attains 
higher BER and SNR performance before an optimal 
power allocation.

The power dispensed to the subcarriers in the 4x4 
V-BLAST MIMO-OFDM utilizing both the greedy power 
allocation and the Cuckoo Search algorithm are anal-
ysed in the accompanying Figure 1. In Figure 1, utilizing 
greedy power allocation least power is designated to the 
initial eight carriers and after that power allocation incre-
ment step by step. However, utilizing cuckoo search the 
power assigned to the second carrier is minimized and 
it is evident that the algorithm gives an optimum power 
allocation to the majority of the 16 carriers. Henceforth, 

from the figure 1it is clear that both the algorithms, giving 
the best possible power allocation to the carriers concern-
ing the aggregate power requirement in the framework.

Figure 1. Greedy Power Allocation and Cuckoo Search 
based Power Allocation in 4 x 4 V-BLAST MIMO-OFDM.

Figure 2. BER vs. SNR for Greedy Power Allocation in 4 x 4 
V-BLAST MIMO-OFDM for 4 QAM with LS and LMMSE 
Channel Estimation.

In the accompanying Figures 2 to 7 indicated the BER 
versus SNR execution plot with diverse channel estima-
tion and distinctive power allocation algorithms. From 
these graphs, we might comprehend that as the aggregate 
of constellations in the modulation rises, the BER and 
SNR performance also going in a superior way.The pro-
posed optimal power allocation method for high-speed 
V-BLAST MIMO-OFDM system showed a better per-
formance in terms of SNR and BER than the traditional 
methods. This work has been evaluated based on different 
channel estimation with different modulation techniques 
for VBLAST MMSE MIMO-OFDM System. The test 
program has been implemented in the latest technology 
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system in Matlab R2013a. The experimental results show 
that our proposed method achieves better performance 
in terms of BER and SNR compared with the existing 
methods used for improving the performance of the 
MIMO-OFDM. Linear MMSE proved efficient channel 
estimation technique over LS.

Figure 3. BER vs. SNR for Greedy Power Allocation in 4 x 4 
V-BLAST MIMO-OFDM for 16 QAM with LS and LMMSE 
Channel Estimation.

Figure 4. BER vs. SNR for Greedy Power Allocation in 4 x 4 
V-BLAST MIMO-OFDM for 64 QAM with LS and LMMSE 
Channel Estimation.

Figure 5. BER vs. SNR For Cuckoo Search Based Power 
Allocation In 4 x 4 V-BLAST MIMO-OFDM for 4 QAM 
with LS and LMMSE Channel Estimation.

Figure 6. BER vs. SNR for Cuckoo Search Based Power 
Allocation in 4 x 4 V-BLAST MIMO-OFDM for 16 QAM 
with LS and LMMSE Channel Estimation.

Figure 7. BER vs. SNR for Cuckoo Search Based Power 
Allocation in 4 x 4 V-BLAST MIMO- OFDM for 64 QAM 
with LS and LMMSE Channel Estimation.

4. Conclusion
The proposed optimal power allocation method for high-
speed V-BLAST MIMO-OFDM system showed a better 
performance in terms of SNR and BER than the tradi-
tional methods. This work has been evaluated based on 
different channel estimation with different modulation 
techniques for VBLAST MIMO-OFDM System. The 
experimental results show that our proposed method 
achieves better performance in terms of BER and SNR 
compared with the existing methods used for improving 
the performance of the MIMO-OFDM. Linear MMSE 
proved efficient channel estimation technique over LS. 
This result would be useful to make efficient Adaptive 
MIMO-OFDM system. It would be also useful in adap-
tive modulation and power allocation concept for making 
better wireless communication system. 



Indian Journal of Science and Technology 7Vol 10 (17) | May 2017 | www.indjst.org 

Rajvirsinh C. Rana and Jagdish M. Rathod

5. References
1. Goldsmith A. Wireless Communications. Stanford 

University. 2005; p.1-250.
2. Dalal U. Oxford University: Wireless Communication. 

Fourth Edition. 2011.
3. Rana R, Rathod J. Performance Analysis of Different 

Channel Estimation Techniques with Different Modulation 
for VBLAST MMSE MIMO-OFDM System. International 
Conference on Wireless Communications, Signal 
Processing and Networking. 2016 March; p. 236-39. 
Crossref

4. Rana R, Rathod J. Study and Performance Analysis of 
Different Modulation for Space Time Block Coding and 
VBLAST MIMO for Wireless Communication. International 
Conference on Research and Entrepreneurship (ICRE 
2016). 2016 January; p. 978-93.

5. Rana R, Rathod J. Performance Analysis of VBLAST 2X2 
and 4X4 MIMO OFDM System with Different Modulation 
and Detection Techniques. International Conference 
on Electrical, Electronics, Signals, Communication and 
Optimization. IEEE. 2015 January; p. 978-1.

6. Rana R, Rathod J. Study and Analysis of Performance 
of Spatial Multiplexing equalizer for Transmit-Receive 
Diversity. International Journal of Emerging Trends and 
Technology in Computer Science. 2014 March; 3(2):2278-
6856.

7. Kostina V, Loyka S. Optimum Power and Rate Allocation 
for Coded V-BLAST Instantaneous Optimization. IEEE 
Transactions on Communications. 2011 July; 59(10):2841-
50. Crossref

8. Zhu H, Chen W, Li B, Gao F. An Improved Square-Root 
Algorithm for V-BLAST Based on Efficient Inverse 
Cholesky Factorization. IEEE Transactions on Wireless 
Communications. 2011 January; 10(1):43-8 Crossref

9. Lin J, Yu H, Wu Y, Ma H. A Power Efficient Baseband Engine 
for Multiuser Mobile MIMO-OFDMA Communications. 
IEEE Transactions on Circuits and Systems I Regular 
Papers. 2010 July; 57(7):1779-92. Crossref

10. Jung J, Kwon B, Park H, Lim J. Superposition-based adap-
tive modulated space time block coding for MIMO-OFDM 
systems. IEEE Communications Letters. 2010 December; 
14(1):30-32. Crossref

11. Avval M, Snow C, Lampe L. Error- Rate Analysis for Bit-
Loaded Coded MIMO-OFDM. IEEE Transactions on 
Vehicular Technology. 2010 February; 59(5):2340-51. 
Crossref

12. Reddy K, Siva B, Boppana L. Adaptive modulation coding 
in MIMO-OFDM for WiMAX using GNU Radio. IEEE 
REGION 10 SYMPOSIUM. 2014 April; 4(4):618-23.

13. Liu J, Wan S. Research on Synchronization and Adaptive 
Resource Allocation Algorithm in MIMO-OFDM System. 
In proceedings of Conference on Communication Faculty 
Signal. 2009 September; p. 539-42.

14. Gao L, Luo Z, Tang B, Liu Y, Gao J. A low-complexity adap-
tive bit and power allocation algorithm for MIMO-OFDM 
systems. In Proceedings of IEEE International Symposium 
on Communications and Information Technology. 2005 
October; 1, 8(3):561-64.

15. Khodier M. Optimisation of antenna arrays using the 
cuckoo search algorithm. IET Microwaves, Antennas and 
Propagation. 2013 June; 7(6):458-64. Crossref

16. Rana R, Rathod J. An Adaptive Modulation and Efficient 
Power Allocation Technique for V-BLAST 2X2 MIMO 
OFDM System. International Journal of Computer Science 
and Information Security. 2016 December; 14(12):1947-
5500.

17. Meng J, Yang E. Optimisation of antenna arrays using the 
cuckoo search algorithm. IET Microwaves, Antennas and 
Propagation. 2013 April; 7(6):458-64. Crossref

18. Dash M, Mohanty R. Cuckoo Search Algorithm for Speech 
Recognition. International Journal of Advanced Research 
in Computer Engineering and Technology (IJARCET). 
2014 October; 3(10):2278-1323.

19. Trivedi Y. Wireless communication. Mahajan Publication. 
2012.

https://doi.org/10.1109/wispnet.2016.7566127
https://doi.org/10.1109/TCOMM.2011.071111.100485
https://doi.org/10.1109/TWC.2010.110510.100555
https://doi.org/10.1109/TCSI.2009.2034884
https://doi.org/10.1109/LCOMM.2010.01.091382
https://doi.org/10.1109/TVT.2010.2041804
https://doi.org/10.1049/iet-map.2012.0692
https://doi.org/10.1049/iet-map.2012.0692

