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Abstract— High power amplifiers (HPAs) are among 

essential parts of any wireless communication systems and 

HPA’s nonlinearity results in constellation warping, 

spectrum re-growth and nonlinear inter-symbol interference 

(ISI), Multiple-input multiple-output (MIMO) systems, in 

general, when operating with nonlinear HPAs further incur 

nonlinear inter-channel interference (ICI). MIMO-SFBC is 

an appropriate solution which provides the better 

compensation of spectrum re-growth, constellation warping, 

ISI and ICI. But available MIMO-STBC are not working at 

full rate hence proposed work will use Space Frequency 

Block division, SFBC provide better orthogonality instead of 

STBC. An OSFBC to two transmits receiving wires, with full 

rate of information communication however additionally its 

summed up variant accomplishes limit if there should arise 

an occurrence of two transmit & two get reception apparatus 

as it were. Presented OSFBC encoder is inspected as for 

blunder rate rendering & unearthly proficiency with ideal 

MIMO communication structure & discovered less BER as 

past outlines. In second a portion of this work blend of Space-

Time Codes with routine channel coding systems is 

considered. In this thesis, performance of STBC-OFDM is 

analyzed under multipath Rayleigh fading channels with 

different PSK modulation, in different antenna selection 

techniques, also at the same time STBC-OFDM is analyzed 

under multipath Rayleigh fading channels with different PSK 

modulation, in different antenna selection techniques  and at 

last the advantages of SFBC over STBC has been discussed. 

Key words: SFBC: Space Frequency Block Coding, SSFBC: 

Semi Space Frequency Block Coding, HPA: High 

Power Amplifier, OSTBC: Orthogonal Space Time 

Block Coding 

I. INTRODUCTION 

In current communication systems growing demand of 

multimedia services and the growth of Internet related 

contents lead to increasing interest to high speed 

communications. Recently, space time block codes (STBC) 

have gained much attention as an effective transmit diversity 

technique to provide reliable transmission with high peak 

data rates to increase the capacity of wireless communication 

systems. Multiple antenna systems are an efficient means in 

order to increasing performance. In order to utilize huge 

potential for multiple antenna concepts, it is necessary to 

resort to new transmit strategies, referred to as Space-Time 

Codes, which, in addition to time and spectral domain, also 

use spatial domain. Diversity-oriented Space-Time Codes. 

Based on Space-Time Block Codes from orthogonal designs 

(OSTBC), Space-Time Block Codes from quasi-orthogonal 

designs are developed in order to any number for transmit and 

receive antennas. This is achieved by incorporating spatial 

and temporal redundancy, which results in full diversity or in 

other words, in maximum decay for bit error rate curves. but 

OSTBC cannot be achieved for more than two antenna and 

lots of research has been carried out but still they can provide 

maximum solution of QSTBC and achieve nearly full rate but 

not 100% full rate, hence concept of SFBC come and it make 

significant change in encoding in frequency domain and 

achieved 100% orthogonality in frequency domain with full 

rate whereas when we re-transform it achieve more than 98% 

rate in time domain which is better than any QSTBC solution. 

Full diversity is also achieved by OSFBC, which due to their 

structure transform  matrix-valued channel in order to multi-

antenna systems, so called multiple-input-multiple-output 

(MIMO)-channels, into several parallel, scalar single-input-

single-output (SISO)-channels. 

 Multiple-input multiple-output (MIMO) systems, in 

general, when operating with nonlinear HPAs further incur 

nonlinear inter-channel interference (ICI). Specifically, for 

multiple input multiple-output space-time block code 

(MIMO-STBC) systems, the HPA’s nonlinearity with phase 

conversion effect, rotates the receive signal and destroys 

orthogonality of the code. Thus, efficient countermeasures 

are required for diminishing such detrimental effects in such 

systems. Unfortunately,  Alamouti space-time code in order 

to two transmit and one receive antennas is  only OSTBC, 

which, to  best for our knowledge, achieves  maximum 

possible mutual information for a MIMO system , since 

available work cannot construct an OSTBC with transmission 

rate equal one in order to more than two transmit antennas. 

Therefore QSTBC has been developed to solve the problem 

but after having the QSTBC still the problem of BER need to 

be resolve and after many research there is no solution found 

yet to achieve a full rate of MIMO communication with more 

than two antenna with full orthogonality. Therefore, designed 

an orthogonal space-frequency block code (SFBC) with 

transmission rate one in order to four and eight transmit 

antennas. By properly choosing signal constellations as, it is 

possible to improve BER rendering with ML-detection in 

order to codes given in.  BER rendering for SFBC with 

suboptimal detectors it been examined.  Rendering for SFBC 

with respect to outage mutual information (OMI) in order to 

special case for one receive antenna and four or eight transmit 

antennas was examined via simulations and it was shown, 

that  SFBC are capable to achieve a significant portion for 

MIMO-OMI. Furthermore. That SFBC in conjunction with 

optimal (nonlinear) and suboptimal (linear) detectors provide 

a tradeoff between rendering and complexity.  Proposed work 

generalize results to 2n transmit and an arbitrary number for 

receive antennas. Proposed work show, a new method of 

OSFBC which is far better than QSTBC.  base work [1]. [2] 

and [3] all of them ware trying to resolve the issue with 

QSTBC. 
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II. METHODOLOGY 

the problem of orthogonality in HPA happen when encoding 

techniques are not fully orthogonal and if we go for full 

orthogonal full rate (rate 100%) communication with HPA 

there is a limitation of two transmit and one receive antenna, 

and if we need more than two channel of communication for 

fast data transmission through HPA's we need to compromise 

the rate (between 50% to 75%) hence slower the data 

communication but full orthogonal hence no nonlinear 

distortion in HPA, if speed is our main concern then we 

cannot compromise the rate of communication for that [1], 

[2] and [3] developed optimized QSTBC encoder which 

provide quasi orthogonality not full orthogonality in MIMO 

communications  through HPA and achieve full rate (100%) 

, but because of quasi orthogonality there is phase shift occurs 

whenever he signals passes through the HPA's  which overall 

loose the linearity and it surely causes  ICI and ISI, proposed 

work is a new developed SFBC encoder which achieves full 

rate (100%) also full orthogonality in frequency domain and 

when it gets inverse transform form frequency domain to time 

domain it provides around 98% orthogonality which is far 

better than anyone of literature work QSTBC.   

 With full rate for more than two antennas was 

irresolvable by STBC or OSTBC or QSTBC techniques, 

hence proposed work use an OSFBC encoding technique 

which is fully orthogonal and also having a full rate of data 

communication.  The employment for OSFBC eigen-values 

for resulting equivalent channel are pair wise independent 

and identical non-central chi-square distributed with 4nR 

degrees for freedom with non-centrality parameter. 

Furthermore, proposed work show that eigenvectors for 

equivalent channel are independent for each channel 

realization, proposed work first show that combination for 

OSFBC with a MIMO system results also in a equivalent 

channel similar to OSTBC and then fully characterize 

stochastic nature for this equivalent channel. Based on these 

important insights, proposed work are able to provide 

following results. an analytical lower bound in order to  

outage probability achieved with OSFBC, which is tight in 

order to low signal-to-noise-ratios (SNR) values and also in 

order to increasing number for receive antennas; An upper 

bound on outage probability, which is tight in order to high 

SNR values. In order to case for four transmit and an arbitrary 

number for receive antennas proposed work derive analytical 

expressions in order to this bound. Finally, proposed work 

exploit special structure for OSFBC and apply a new transmit 

strategy, which decouples signals transmitted from various 

antennas in order to detect symbols separately as in case for 

OSTBC.  Rendering for this linear detector is equivalent to 

non-linear maximum-likelihood (ML)-detector. 

 In this present work, we have considered the Linear 

Time Varying (LTV) channel h(n,l) denotes the nth sampling 

response in the tap ithof the LTV channel in a symbol interval. 

Assume the number of OFDM subcarriers N is 256 in that 16 

subcarriers are pilot signal Npso total transmitting data N=N-

Np is 240 subcarriers, and then at the transmitter side, the 

binary information is first grouped and by using different 

mapping scheme according to the modulation it is mapped 

into complex–valued symbols, such as BPSK, QAM. The 

mapped signals are modulated into N orthogonal subcarrier 

by the Inverse Fast Fourier Transform (IFFT). After the IFFT 

unit, the time-domain OFDM signal can be expressed as 

x(n) = ∑ X(k)

N−1

k=0

e(
2πjnk

N
)          k = 0,1… . . N − 1 

 Where X(k) is the data symbol of each subcarrier, k 

is the sub carrier index and n is the time domain sample index 

of an OFDM signal. 

 The multiplexed IFFT output is given to time 

domain N-point window (n) . A cyclic prefix (CP) is then 

added to the obtained output. Finally obtained signal xg(n) is 

transmitted through the channel. The received signal can be 

represented by 

yg(n) = xg(n)⨂h(n) +  z(n)      0 ≤ n ≤ N − 1 

 Where z(n) is independent and identically 

distributed Additive White Gaussian Noise (AWGN) sample 

in time domain and h(n) is the discrete time channel impulse 

response. 

At the receiver side, after removing CP, the received samples 

are sent to a FFT block to de- multiplex the multi-carrier 

signals. The kth sub-carrier output in frequency domain can 

be represented by 

y(k) = x(k)h(k) +  z(k)      0 ≤ k ≤ N − 1 

 Where Z(k) is AWGN noise and H(k) is the channel 

impulse response in frequency domain respectively. The 

channel impulse response in time domain can be represented 

by complex exponential basis expansion of order Q is 

represented in equation above OFDM is a modulation 

technique where multiple low data rate carriers are combined 

by a transmitter to form a composite high data rate 

transmission. 

A. Mixed Technique 

Modulation causes sharp discontinuities at symbol 

boundaries. Phase discontinuity at symbol boundaries make 

sub-carrier spectrum to go out of band, results in ICI. To 

avoid this, windowing techniques is employed for each 

OFDM symbol. SFBC, multiples each OFDM symbols with 

a window function. So, amplitude makes a smooth transition 

to zero at symbol boundaries. 

 An OFDM signal consists of unfiltered subcarriers. 

Therefore the out-of-band-spectrum decreases rather slowly, 

with the speed depending on the number of sub-carriers. 

Mostly used is the raised cosine window, which is defined as 

0.5 + 0.5 cos (π + nπ βTs)      0 ≤ n ≤⁄ βTs 

w(n) = βTs ≤ n ≤ Ts 

0.5 + 0.5 cos ((n − Ts) π βTs))      Ts ≤ n ≤⁄ (1 + β)Ts 

 Where β is the roll-off factor. Another class of 

windows that are smoother at the ends compared with the 

triangular window is cosine windows, but closer to one at the 

middle. The side-lobe levels should be reduced by the 

smoother taper at the ends, while the distortion of the desired 

pulse response bound n = 0 is reduced by broader middle 

section. To reduce the side-lobe level further, we can consider 

an even more gradual taper at the ends of the window 

sequence by using the raised cosine sequence. The various 

windows in this category are: 

 We consider a multiple antenna wireless 

communication system which is equipped with 2Tx-1Rx and 

2Tx-2Rx antennas .The binary input data stream is first 
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modulated and mapped to a sequence of modulation symbols. 

The modulated sequence is then passed through a serial-to-

parallel converter. The Alamouti scheme is then applied 

across two consecutive OFDM symbols. According to this 

coding scheme the signal copy is not only transmitted from 

another antenna but also at another time. At a given symbol 

period, two signals are simultaneously transmitted from the 

two antennas. In first time slot the signal transmitted from 

antenna first is denoted by 𝑋𝑘 and from antenna second by 

𝑋𝑘+1. 

 
Fig. 1: MIMO OSFBC OFDM 4Tx 4Rx Transceiver with 

Clipping 

 During the next time slot the signal −𝑋𝑘+1
∗is 

transmitted from antenna first, and signal 𝑋𝑘∗ is transmitted 

from antenna second where (*) is the complex conjugate 

operation as shown in table 1. So for two transmit antenna, 

Channel is constant during transmission for two time slots An 

Inverse fast Fourier Transform (IFFT) is performed on each 

parrerel data stream. To find the corresponding time 

waveform an inverse fast Fourier transform is used. After the 

IFFT operation the received symbols are add with cyclic 

prefix to remove the ISI problem but on this stage the OFDM 

symbol have a high peak in each OFDM symbol it increase 

the PAPR (peak to average power ratio) this PAPR create 

problem when the signal pass through the HPA(high power 

amplifier) the noise due to HPA reduce the signal strength 

and make the signal corrupt to overcome this problem we use 

the PAPR reduction technique here we use a clipping 

technique in this thesis to overcome this problem. in which 

we clip the signal amplitude to the average level so when the 

signal passes through the HPA, the noise from HPA cannot 

increase the signal amplitude from it,s average value and it 

decrease the PAPR value. The signal is then transfer to the 

channel the channel have a constant value for both the time 

slot.after that signal reach the receiver through the multipath 

channel with AWGN noise. 

B. MIMO SFBC OFDM System with Clipping 

In the MIMO SFBC OFDM System with clipping technique 

the OFDM symbol on Kth carrier and lth antenna is as follows 

 

xk
l = ∑ xie

2π
i

N
k

N−1

i=0

 

 Where 𝑥𝑖 is data symbol for 𝑖th subcarrier ,each 𝑥𝑙𝑘 

make block of OFDM symbol of 𝑙th anteena where k = 0 to 

N-1 and we use N carrier so length of OFDM symbol N times 

the period of single data symbol , after this clipping technique 

process is as follow 

xk
l (clip) = avg value , if xk

l > avg value   

xk
l (clip) = −avg value , if xk

l < −avg value 

Nonlinear HPA effect on OFDM symbol in without clipping 

technique 

if  xk
l > avg value   

xk
l = xk

l + noise   

if  xk
l < −avg value   

xk
l = xk

l + noise 

Nonlinear HPA effect on framed OFDM symbol in clipping 

technique 

if  xk
l (clip) > avg value   

xk
l (clip) = xk

l (clip) + noise   

if  xk
l (clip) < −avg value   

xk
l (clip) = xk

l (clip) + noise 

When 2Tx-2Rx Anteena system are considered, assuming the 

channel response for Rx1 is H11, H12 and for Rx2 is 𝐻21, 𝐻22 

respectively 

The received signal in time domain is as follows. 

𝑅 =

[
 
 
 
 

𝑅1
𝑡1

𝑅1
𝑡1+𝑇

𝑅𝑡1
2

𝑅𝑡1+𝑇
2 ]

 
 
 
 

= [

𝐻11

𝐻12
∗

𝐻12

−𝐻11
∗

𝐻21

𝐻22
∗

𝐻22

−𝐻21
∗

] [
𝑋𝑘

𝑋𝑘+1
] +

[
 
 
 
 

𝑁1
𝑘

𝑁1∗
𝑘

𝑁2
𝑘

𝑁2∗
𝑘+1]

 
 
 
 

        (𝟏) 

 Suppose two adjacent times have same channel 

response then 

𝐻11
𝑡=𝐻11

𝑡+𝑇, 𝐻12
𝑡=𝐻12

𝑡+ , 𝐻21
𝑡=𝐻21

𝑡+𝑇 ,   𝐻22
𝑡=𝐻22

𝑡+𝑇 

The decoding algorithm is as follows 

𝑅
=[

𝑅 𝑡1

𝑅 𝑡1+𝑇
 ]

= 𝐻𝐻𝑅 = [
𝐻11

∗ 𝐻12

𝐻12
∗ −𝐻11

    
𝐻21

∗ 𝐻22

𝐻22
∗ −𝐻21

 ]

[
 
 
 
 

𝑅1
𝑡1

𝑅1∗
𝑡1+𝑇

𝑅2
𝑡1

𝑅2∗
𝑡1+𝑇 ]

 
 
 
 

  (2) 

[𝐻
2
11 + 𝐻2

12 𝐻2
21 + 𝐻2

22

  
] [

𝑋𝑘

𝑋𝑘+1
] + [

𝑁1~
𝑁2~

]           (3) 

[
𝑁1~
𝑁2~

] = [
𝐻11

∗ 𝐻12

𝐻12
∗ −𝐻11

    
𝐻21

∗ 𝐻22

𝐻22
∗ −𝐻21

 ]

[
 
 
 
 

𝑁1
𝑡1

𝑁1∗
𝑡1+𝑇

𝑁2
𝑡1

𝑁2∗
𝑡1+𝑇 ]

 
 
 
 

             (4) 

𝑅 = [
𝑅 

𝑡1

𝑅 
𝑡1+𝑇
 ] = 𝐻𝐻𝑅 = [

𝐻11
∗ 𝐻12

𝐻12
∗ −𝐻11

    
𝐻21

∗ 𝐻22

𝐻22
∗ −𝐻21

 ]

[
 
 
 
 

𝑅1
𝑡1

𝑅1∗
𝑡1+𝑇

𝑅2
𝑡1

𝑅2∗
𝑡1+𝑇 ]

 
 
 
 

       (5) 

[𝐻
2
11 + 𝐻2

12 𝐻2
21 + 𝐻2

22

  
] [

𝑋𝑘

𝑋𝑘+1
] + [

𝑁1~
𝑁2~

]           (6) 

[
𝑁1~
N2~

] = [
H11

∗ H12

H12
∗ −H11

    
H21

∗ H22

H22
∗ −H21

 ]

[
 
 
 
 

N1
t1

N1∗
t1+T

N2
t1

N2∗
t1+T ]

 
 
 
 

             (7) 
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III. RESULTS 

PAPR Consider the MIMO OFDM system with L transmit 

antennas that uses N sub-carriers. In the case of two transmit 

antennas, the each of N-dimensional OFDM symbol is 

transmitted from antenna 1 and antenna 2 respectively. 

Generally, the PAPR of the transmitted OFDM signal is 

defined as: 

PAPR = 10 log (
max [x(t)x∗(t)]

E[x(t)x∗(t)]
) 

 E(.) means the expectation operation. When 

calculating PAPR using discrete sampled signals, we cannot 

find the accurate PAPR because the true peak of continuous-

time OFDM signal may be missed in the Nyquist sampling. 

So, we use 4 times over-sampling to improve accuracy of 

discrete PAPR. Besides, to show statistical characteristics of 

PAPR, we use CCDF (complementary cumulative 

distribution function), which is the probability that PAPR of 

OFDM signal exceeds a certain threshold PAPR. 

 The ICI of the proposed work and the peaks looks 

closer to the average value of the subcarriers of the OFDM 

signals, as the difference between peaks and average reduces 

ICI also gets reduces.   

 Lower Stopband= 0 - 500 Hz 

 Passband= 1600 - 2300 Hz 

 Upper Stopband= 3500 - 4000 Hz 

 Stopband Attenuation= 50 dB 

 Passband ripple= 0.05dB 

 Sampling rate= 8000 Hz 

Determine the FIR filter length and the cutoff frequency to be 

used in the design equation. 

We first determine the normalized transition band  

∆f1 =
|1600 − 500|

8000
= 0.1375 

∆f2 =
|3500 − 2300|

8000
= 0.15 

Design a bandpass FIR filter with the following 

specifications: 

The filter lengths based on above transition bands (for 

hamming window) are 

N1 =
3.3

0.1375
= 24 

N2 =
3.3

0.15
= 22 

The nearest higher odd  N is chosen as for the Hamming 

window 

N = 25 
The lower and higher cutoff frequencies for the band pass 

filter will be 

f1 =
1600 + 500

2
= 1050 Hz 

f1 =
3500 + 2300

2
= 2900 Hz 

The normalized lower and higher cutoff frequencies for the 

bandpass filter will be 

ΩL = 2π fL Ts = 2π ×
1050

8000
= 0.2625π  radians 

ΩH = 2π fH Ts = 2π ×
2900

8000
= 0.725π  radians 

In this case 2M + 1 = 25 will be the number of taps for the 

bandpass filter.  

The simulation has been done and observe that proposed 

work ICI is 2.96 db and BER is 0.6182. 

 
Fig. 2: BER Comparative Results with Base [1] 

 
Fig. 3: BER Comparative Results with Base [2] 

 
Fig. 4: BER Comparative Results with Base [3] 

Input 

Noise in 

db 

Proposed 

Work* 10^-

3 

Thanh 

Nguyen et al 

[1] *10^-3 

Oussama B. 

Belkacem et 

al [2] 

*10^-3 

0 0.4005 0.508250 0.5055 

15 0.0130 0.02225 0.02225 

30 0 0 0.00175 

Table 1: Comparative Results 

 
Fig. 5: Comparative Results with [1] and [2] 
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IV. CONCLUSION 

The presented thesis provides a review of automatic phase 

Compensation methods used 4x4MIMO, thesis also discuss 

problem of nonlinear phase shift high power amplifier due to 

and the solutions provided by different authors. The presented 

work also discussed the generalized encoding schemes for 

resolving the nonlinear phase shift in HPA, it can be 

concluded that the methods available are good enough but 

also need to improve the automatic phase Compensation 

method with good throughput and less BER. 

 Proposed work has used a modified OSFBC encoder 

at the transmitter of OFDM system which four transmitting 

and four receiving antenna and also use HPA at the 

transmitting end and at the receiving ends, also the proposed 

work has achieves full rate of communication (100%) and 

observe the linearity retention at before and after the HPA's 

the results found are better the available works in parameter 

of BER and PAPR.  
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