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Abstract 
 

The main idea of this paper is to select the best power allocation throughput model by simulating the different power allocation theoreti-

cal modules in MIMO arbitrary multipath environment to address the effects of channel parameters on throughput. In general, power 

allocation techniques are used for minimizing the overall Bit Error Rate (BER). In this process, the channel estimation is usually done at 

the receiver by accessing the Channel State Information (CSI). The optimized system can be designed with respect to channel parameters 

so that it can be suitable for transmitter side during power allocation. The simulation analysis is carried out in NI LabVIEW and it is 

observed from the studies that the throughput results are as a function of received power. Under static system parameters, the relative 

throughput of the water filling (WF) power allocation model is found to be high efficient 15.74% when it is compared with the open loop 

zero-forcing (ZF) and it is 4.45 % with respect to inverse singular value decomposition (SVD) equal power allocation models. 
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1. Introduction 

MIMO is the approach of proliferating the capacity of radio 

stream using multiple transmitters and multiple receivers through 

multipath propagation. Better communication achieved only when 

channel status is good in the multipath propagation environment 

[1]. Propelled by the demands of the MIMO users, different power 

allocation schemes were used in order to boost the throughput and 

make the system energy efficient [2]. Here throughput is an im-

portant metric which conveys the net amount of data delivered to 

the receiver in the MIMO system from transmitter [3]. 

In SVD systems [4], the power to be transmitted is equally dis-

tributed within the transmitter antennas which is familiar as SVD 

equal power allocation technique, by which mean energy con-

sumption is dropped but error probability of transmission will be 

high compared with the other techniques. Hence, in terms of fixed 

transmission rate and link reliability SVD systems acts well. So, 

SVD Inverse power allocation method is introduced in [5]. In [6] 

to allocate more power to weaker channel and allocate less power 

to the better channel of the MIMO system was discussed. In in-

verse power allocation, consideration starts with the inverse of 

parameter matrix [7]. Comparing with SVD systems Zero Forcing 

method of power allocation systems decoupling complexity will 

be high, as it forms an open loop with the addition of weights 

during transmission [8]. The MIMO decoupling complexity is 

directly proportional to the difficultness in designing the ZF pre-

coders at transmitter side [9]. 

Water filling [10] power allocation technique is one of the most 

popular technique in wireless communications. By this method 

more power is allocated for each transmission stream with high 

gain for improvement in sum data rate of all channels. This ap-

proach [10] reduces the computational complexity of transmission 

compared with the other systems [11]. Because additional inter-

ference constraints in the system, the water-filling algorithms are 

always performed iteratively to solve the power allocation prob-

lems in the system along with the system complexity [12]-[13].  

In this paper, we are simulating a direct power allocation method 

for achieving better throughput with optimal power allocation in 

Physical Downlink Shared Channel . The rest of the paper is orga-

nized as follows. The 2x2 MIMO system model is present in sec-

tion 2 and theoretical throughput model is discussed in Section 3 

and in Section 4 the numerical results are given.  

2. System model 

A conventional model of alamouti STBC MIMO communication 

system is designed including two transmitter antennas and two 

receiver antennas [16]. The data from the source is mapped using 

symbol mapper. Those symbols are passed through M-QAM 

modulator. The modulated symbols are sequentially disseminated 

through alamouti STBC Encoder. In each substream, modulated 

bits are mapped into signal waveforms which are directly trans-

mitted through transmitter antennas to the receiver side. In Fig.1, 

the data is transmitted to the receiver side through a wireless 

channel. The channel consists of Rayleigh fading and introduces 

Additive White Gaussian Noise (AWGN). At the receiver side, the 

received data directly sent into alamouti STBC Decoder which 

incorporates equalizer aids to predict the channel state estimation 

(CSI) and noise cancellations [5].  
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Fig. 1: Generalized Block Diagram of 2 x 2 MIMO System Model [l6]. 

 

In equalizer, a channel estimator, combiner, and Maximum likeli-

hood detector assist to combine the signals for maximum likeli-

hood detection, and error probability calculations. Then, the com-

bined signals are demodulated followed by the symbol recover for 

data recovery.  

3. Throughput models 

In a flat fading channel, A MIMO system of order m x n is formu-

lated. It is illustrated as 

 

y Hx n                                                                                       (1) 

 

Where y is receiver signal vector, x is transmitter signal vector, n 

is noise vector with unconventional homogeneously distributed 

Gaussian variable and H represents system matrix [14]. Through 

channel evaluation and tracing, the MIMO systems receiver part 

recoup the channel state information (CSI) of the channel. In Time 

Division Duplexing (TDD) systems, the transmitter will rake in 

CSI by depicting on channel reciprocity (ceasing that the channel 

will be synonymous with conjoining uplink and downlink chan-

nels). When Channel State Information available at both margins, 

then SVD techniques are used. Let the SVD of H is 

 
HH U V                                                                                      (2) 

 

Where V and U are the unitary matrices, and ᴧ is a diagonal ma-

trix consisting of the singular values of H. Then by accumulating 

the signal vector S with VP, the precoding, and power allocation 

will be done i.e., x = VPS where V is unitary matrix obtained from 

above equation, P is a diagonal matrix whose elements refers the 

allocated power to each stream. In inverse power allocation strate-

gy, large-scale power is added for a weaker stream and less power 

is added to the stronger stream in the system. Then the power 

allocation vector is represented as 1P    . Where the parameter 

  is a constant making sure that the total power is the same be-

fore and after the precoding and power allocation VP as F. 

 
2H H H 2 2

t
N = tr[F F] = tr[P V VP] = tr[P ] = tr[ ] 

                             (3) 

 

Here P is the allocated power vector, µ is given by 

 
2( )

t
N tr                                                                                (4) 

 

Where 
t

N  is a number of antennas at the transmitter side. It is 

incited to make the probability of distribution (PoD) better in eve-

ry stream as it balances PoD of every channel through the proper 

power supply. Power is predefined and the power is divided equal-

ly among all the channels of MIMO system in SVD Equal power 

allocation method. It is given by 

 

p = P/n                                                                                            (5) 

 

Where p is power assigned per a channel, P is total power, n= 

number of channels. Important thing is, these SVD strategies, apt 

when channel state information is clearly notable at both ends of 

MIMO system [6].  

When channel state information is at hand on only one side, then 

Zero Forcing method will be suitable. Zero Forcing is a procedure 

to compensate the delays in antennas of MIMO system, by adding 

additional weights to it so the weighted sum produces zero devia-

tion in the frequency domain . Power allocation matrix through 

zero forcing method will be given as 

 

1/ ( )i H T

i i
H H                                                                            (6) 

 

Where i  is the power allocation matrix, H is the MIMO system 

matrix [8], equation (6) is used to decouple the MIMO system for 

the power constraint of channels. In general, it is very difficult to 

allocate a power individual subchannels in the OFDM-based 

MIMO Systems [12]. This power allocation problem cannot be 

solved simply by applying the traditional water-filling method. 

The power allocation is expressed as 

 

 

N -1
o

2total Level
n=0

n

N
p = p -

h

 
 
 
 

                                                                    (7) 

 

Where Pn is power allocated for the n'th channel, PLevel is power 

level that required to fill, No is noise in the channel and hn is speci-

fied channel parameters. The total power is given in (7) , because 

additional interference constraints must be considered in MIMO 

Systems. The water-filling algorithms are always performed 

iteratively to solve the power allocation problem through binary 

search method [11], [12].The relative throughput of the total 

communication system will be given using the probability distri-

bution of the model. Hence the relative throughput  put
T  will be  

 

  ,max
1 th

Put Put
T T F






  
   

  
                                                           (8) 

 

Where γ is instantaneous SNR, 
th
  is threshold SNR,  

,maxPut
T  indi-

cates maximum data rate and F denotes the cumulative distribu-

tion function. For Rayleigh fading channels, the probability and 

cumulative distribution functions are exponential functions [15]. 

4. Simulations 

The NI LabVIEW simulation model for 2x2 MIMO with 

Alamouti STBC using M-QAM in Rayleigh fading with AWGN 

channel is performed in the range of received power -90dBm to -

45dBm.In Fig.2, the total number of symbols generated using the 

Multi-Level Quadrature Amplitude Modulation (M-QAM) is 1500, 

and each symbol consists of 8 samples. A number of symbols in 

the modulation constellation is 256, shaped using Root Raised 

Cosine pulse shaping filter. The ratio of Energy per bit to the noise 

power spectral density is assumed to be 50 and channel filter 

length for symbols is taken as 8 in low pass channel filter. Train-

ing length of symbols and Equalizer length of symbols are 500 

and 48 at operational frequency assumed to 915 MHz, the system 

bandwidth is 75kHz, which is lower than the coherence bandwidth. 

In Fig.3, the threshold value of power -65.44dBm is achieved 

from the measurement of 41.57% relative throughput for SVD 

Inverse power allocation whereas for water filling is 42.77% rela-

tive throughput observed. For SVD Equal power allocation 36.15% 

relative throughput noticed whereas for Zero Forcing method of 

power allocation 33.30% relative throughput is observed. 

 

 

Channel 
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Fig. 2: 256-QAM Constellation Graph. 

 

From the Fig.4, it is observed that SVD MIMO system lacking the 

Inverse scheme, is inferior to the open loop ZF method of power 

allocation. 

 

 
Fig. 3: Relative Throughput of Power Allocation Methods at Power Level -

65.44dbm. 

 

 
Fig. 4: Relative Throughput of Power Allocation Methods in Power Range 
(-90dbm to -45dbm). 

 

The main purpose of degradation of SVD is for a worthy channel, 

SVD performs better than the ZF method whereas, for an unsatis-

factory channel, ZF will be more suitable than SVD, From the 

graphical representation, it can be concluded that for lower power 

levels all power allocation techniques work similar and as power 

increase the variation between relative throughputs of power allo-

cation techniques observed. Finally, Water Filling method of pow-

er allocation works better than the other power allocation tech-

niques. 

 
Table 1: Average Relative Throughput 

Power Allocation Tech-

nique Used 

Average Relative Throughput in power range 

(-90dBm to -45dBm) 

Zero Forcing 33.65 

SVD Equal 37.96 
SVD Inverse 44.95 

Water Filling 49.39 

5. Conclusion 

The throughput of different power allocation methods on MIMO 

systems is designed for NI LabVIEW software. The water filling 

method on 2x2 MIMO system is tested and compared with other 

techniques. SVD-based MIMO with the inverse power allocation 

is approximately 7dB to 10dB better than SVD Equal and Zero-

forcing power allocation methods, water-filling method nearly 

5dB better than the closed loop SVD based MIMO system. 
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