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ABSTRACT 

Filter bank multicarrier (FBMC) system support better 

spectral efficiency and high data rate compared to OFDM 

system. However, the capacity of FBMC system can be 

increased significantly by occupying Multiple Input and 

Multiple Output MIMO system. The combination of MIMO 

and FBMC system may be used for next communication 

system 5G to support high spectral efficiency. The major 

disadvantage of FBMC MIMO system are high peak to 

average power ratio (PAPR) which reduced the performance 

of the FBMC system .There are many reduction techniques 

have been used to reduce PAPR. However, The nonlinear 

companding technique and Precoding system used widely to 

reduced peak to average power ratio (PAPR) for Multicarrier 

Modulation(MCM) System. In this paper, we Proposed new 

schemes based on the combination of Walsh-Hadamard 

Transform (WHT) Precoding with the companding technique 

based on the A-law and Mu-law technique to reduce PAPR 

for MIMO FBMC system with using Space Frequency Block 

Coding (STBC). Moreover, the Precoding Technique used in 

the frequency domain and nonlinear companding technique in 

the time domain. However, simulation results show that the 

combination of WHT precoding with A-law companding can 

achieve a better PAPR reduction and bit error rate(BER) 

performance compared to the combination of the WHT 

precoding with Mu companding technique. 

Keywords 

multiple-input multiple-output (MIMO), FBMC/OQAM, 

peak-to-average power ratio (PAPR), A-Law companding, 

Mu-law, STBC, WHT precoding. 

1. INTRODUCTION 
In the multicarrier transmission, the subcarriers are  

independent of each other in time domain such composite 

signal has a large dynamic range as subcarriers may align to 

produce constructive or destructive superposition constructive 

superposition will result in the signal will high values of 

envelope peaks whereas destructive superposition may fade 

signal completely such large variation in signal power is 

measured in peak to average power ratio. Filter Bank 

Multicarrier with Offset Quadrature Amplitude Modulation 

System (FBMC/OQAM) as one of the many new waveforms 

is proposed for the next wireless communication generation 

5G. The FBMC system is a multicarrier modulation scheme 

with relaxed orthogonally, increased frequency efficiency, 

improved shape and low out-of-band interference inherent in 

FBMC/OQAM techniques[1].From the past decades there are 

many schemes proposed to reduced PAPR for FBMC system, 

and still, many researchers are focusing on emerging PAPR 

reduction schemes with more effective results and fewer 

implementations complexity. The next generation of wireless 

communication systems (5G) supports many advantages like 

low latency wireless communication system, high data rate, 

low interference, high spectral efficiency. all these advantages 

cannot support with OFDM, due to that new waveforms are 

designed such as FBMC/OQAM which used filter prototype 

for pulses shaping to reduced interference in systems. 

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

use multiple antennas between the transmitter and the receiver 

to speed throughput and to increase the coverage and 

reliability of wireless communications [2-3].  Multiple inputs 

multiple outputs (MIMO) with FBMC/OQAM system is an 

emerging technology for high-speed data multicarrier 

transmission in future wireless communication network 

systems[4-5] . Whenever the phases and frequencies of these 

carriers match coherently, instantaneous power outputs may 

increase greatly and become higher than the mean power of 

the high power amplifier (HPA) resulting in large PAPR. 

Many of research has been done for solving the problem of 

PAPR such as clipping, tone reservation, nonlinear 

transformations, coding, selecting mapping (SLM) and partial 

transmit sequence(PTS)[5-6-7].However, the computational 

complexity is still remaining unsolved totally.  

In this paper, we propose new schemes consist of a 

combination of WHT Precoding with Nonlinear companding 

technique based on A law and MU law which applied to 

reduce the PAPR for MIMO FBMC/OQAM system with 

space frequency block coding (STBC)  with a low 

implementation complexity.However, in MIMO scheme, we 

used two transmission antenna and one receive antenna. The 

organization of this paper is as follows: in section II, 

FBMC/OQAM modulation with using square root raised 

cosine filter (SRRC) for prototype filter then introduced 

MIMO in FBMC.OQAM system  in section III, introduced 

the PAPR in MIMO system , then in section IV, The Walsh-

Hadamard Transform  Precoding Techniques is explained ,in 

section V , Companding scheme is explained with two sorts 

which are A-law and Mu- law companding, then in section 

VI, Proposed STBC Alamouti MIMO FBMC with Precoding 

and nonlinear companding system is explain . in section VII 
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the simulation results are presented. Last section VIII 

concludes the paper.  

2. FBMC/OQAM SYSTEM MODEL 

 
Fig 1: The FBMC/OQAM Transmitter 

Figure 1 shows the FBMC/OQAM Transmitter with using 

nonlinear companding. the transmitter is consisted from the 

OQAM preprocessing, IFFT follows by PolyPhase filter bank 

and companding technique consequently the FBMC/OQAM 

system used to transmits the OQAM instead of transmitting 

QAM data. 

 Let us denote  𝑘 ,𝑛  as the transmitted symbols which is either 

real\or the imaginary component of input symbol . the 

baseband transmitting signal can be written as [2-3-4] 𝑠𝑛 =      𝑋𝑘 ,𝑛  𝑇  𝑒𝑗 2𝜋𝑘𝑀  𝑚−𝐷
2
 
 𝑒𝑗 ∅𝑘 ,𝑛+∞𝑛= −∞

𝑀−1𝑘=0            (1)  

Where 𝑇 = 𝑔 𝑚 − 𝑛𝑀/2  means prototype filter using SRRC 

[8] ,with filter length expressed as 𝐿𝑔 =  𝐾𝑀  , where 𝐾 is 

mean prototype filter frequency response and 𝑀 is the total 

number of subcarriers and  𝐷/2  is a delay time  

Where  D =  Lg − 1 = KM − 1                                   (2)                                            

The term ∅k,n  is used for the phase shift along the time and 

frequency axes for transmitted symbols and can be given by 

  ∅k,n =
π
2
 n + k − πkn                                               (3) 

The expression of the discrete-time baseband signal can be 

expressed as: 

s m =          Xk,n 
+∞
n= −∞

N−1
k=0 gk,n n                          (4) 

Where 𝑔𝑘 ,𝑛  𝑚  is defined by  

gk,n m  = g m − N/2   ej
2πk

M
 m−D

2
 
 ej∅k ,n                   (5)     

The received signal can be expressed as 

rk,n =  s m gk,n
∗ [m]+∞

m= −∞                                         (6) 

rk,n =  Xk.n +   Xk ′,n ′k ′,n ′≠k.n  Xk ′,n ′[n]g
k ′,n ′
∗ [n]+∞

n=−∞     

                                                                                   (7)      

Where the prototype filter is designed with satisfied the 

orthogonal condition. 

R   gk ′n ′, m gk,n
∗  m +∞

n=−∞  = δk,k ′δn,n ′                       (8)         

Then the receive signal can written as  𝑟𝑘 ,𝑛 =  𝑎𝑘 .𝑛 +   𝑎𝑘 ′,𝑛 ′𝑘 ′,𝑛 ′≠𝑘 .𝑛  𝑎𝑘 ′,𝑛 ′[𝑚]𝑔𝑘 ′,𝑛 ′
∗ [𝑚]+∞𝑚=−∞     

                                                                                (9) 𝑟𝑘 ,𝑛 =  𝑎𝑘 .𝑛 + 𝐼𝑘 .𝑛 = 𝑎𝑘 .𝑛 + 𝑗 𝑢𝑘 .𝑛                             (10) 

Ik.n =   dk ′,n ′k ′,n ′≠k.n  dk ′,n ′[n]g
k ′,n ′
∗ [n]+∞

n=−∞        (11) 

 Where is 𝐼𝑘 .𝑛   is represents the inherent intersymbol 

interference of an FBMC.OQAM 

2.1 FBMC/OQAM With MIMO SYSTEM 
In this section, we introduced the used of the Space-Time 

Block Coding (STBC) Alamouti with FBMC/OQAM[9]. 

Let’s we have transmitter antenna j and a received antenna i, 
the transmitted real data at time n and at frequency k  

expressed as  
k,n

(i)
  then the received signal  rk,n

(i)
  express as  

             

 𝑟𝑘 ,𝑛(𝑖)
=   ℎ𝑘 ,𝑛 𝑖𝑗    𝑋𝑘 ,𝑛 𝑗  + 𝑗 𝑢𝑘 ,𝑛 𝑗   + 𝛾𝑘 ,𝑛(𝑖)

                         (12)                                    

Where  hk,n

 ij 
 is the channel coefficient from the transmit 

antenna j to the receive antenna i at frequency k and time 

instant n, γ
k,n

(it)
 is the noise produced by transmitter antenna, 

 uk,n

 j 
 is the interference term, however, The MIMO system 

used transmitter antenna Nt  to transmit data and used received 

antenna Nr  to receive signals[10-11-12-13]. The STBC 

MIMO FBMC receive signal at the jth receive antenna and at 

a given time-frequency position (k, n) is expressed by 

 𝑟𝑘 ,𝑛 𝑗  =    ℎ𝑘 ,𝑛 𝑖𝑗    𝑋𝑘 ,𝑛 𝑖 + 𝑗 𝑢𝑘 ,𝑛 𝑖  + 𝛾𝑘 ,𝑛(𝑗 )𝑁𝑡𝑖=1                   (13) 

Finally the matrix  

  𝑟𝑘 ,𝑛 1 ⋮
 𝑟𝑘 ,𝑛 𝑁𝑟  =   ℎ𝑘 ,𝑛 11 …  ℎ𝑘 ,𝑛 1𝑁𝑡 ⋮ ⋱ ⋮

 ℎ𝑘 ,𝑛 𝑁𝑟1 …  ℎ𝑘 ,𝑛 𝑁𝑟𝑁𝑡   
 𝑋𝑘 ,𝑛 1 + 𝑗 𝑢𝑘 ,𝑛 1 ⋮ ⋮ ⋮
 𝑋𝑘 ,𝑛 𝑁𝑡 + 𝑗 𝑢𝑘 ,𝑛 𝑁𝑡  +

 𝛾𝑘 ,𝑛(1)⋮𝛾𝑘 ,𝑛(𝑁𝑟)

                                                                     (14) 

𝑟𝑘 ,𝑛 = 𝐻𝑘 ,𝑛 𝑋𝑘 ,𝑛 + 𝑗𝑢𝑘 ,𝑛 + 𝛾𝑘 ,𝑛                               (15) 

Where is  𝐻𝑘 ,𝑛  is an (𝑁𝑟 × 𝑁𝑡) 

2.2 PAPR theORY in MIMO System 
The peak to average power ratio of a transmitted signal is the 

main disadvantage in multicarrier modulation such as 

Multiple input Multiple output (MIMO) FBMC. PAPR can be 

expressed as the maximum power of a sample in a transmit 

FBMC symbol to its average power[14]. 

PAPR = 10log10  Ppeak

Pavg

                                             (16) 

The PAPR of FBMC/OQAM transmitting signal can be 

written as  

PAPR(s[m]) = 10 log10
Max   s[m] 2 

E  s[m] 2   dB                  (17) 

𝑋1,𝑛 

XM−1,n 

IFF

T 

G0(Z) 
𝑀
2
 

𝑒𝑗 𝜋
2
𝑁 

𝒛−𝟏 
𝑋0,𝑛 

G1(Z) 

 

GM−1(Z) 

𝑧−1 

𝑀
2
 

𝑀
2
 

s[m] 
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Where  E  .    express the expectation operation, we consider 

the MIMO-FBMC systems with j transmit antennas that use i  
subcarriers. Then the PAPR is actually the maximum PAPR 

value of all the transmit antennas[14-15]. 𝑃𝐴𝑃𝑅𝑖 = 𝑚𝑎𝑥 𝑃𝐴𝑃𝑅1,𝑃𝐴𝑃𝑅2,…… . .𝑃𝐴𝑃𝑅𝑀        (18) 

 Where PAPRj  represents the peak to average power ratio of 

jth  transmit antenna and it given by as 𝑃𝐴𝑃𝑅𝑗 = 𝑃𝐴𝑃𝑅 𝑠𝑗 [𝑛] = max  𝑠𝑗 [𝑚 ] 2 𝐸  𝑠𝑗 [𝑚 ] 2                  (19) 

Then, the complementary cumulative distribution function 

(CCDF) of the PAPR of an FBMC signal for all j transmit 

antennas exceeds a predefined threshold PAPR0 is given a 

given  𝐶𝐶𝐷𝐹 = 𝑃  𝑃𝐴𝑃𝑅 𝑠𝑖 𝑛  > 𝑃𝐴𝑃𝑅0  
            = 1 − (1 − 𝑒−𝑃𝐴𝑃𝑅0  )𝑀𝑁

                                (20)
 

3. THE WALSH HADAMARD 

TRANSFORM  (WHT) PRECODING 

TECHNIQUES 
The primary rule to utilize the precoding method in the 

multicarrier system to reduce the PAPR and the interference 

of multiple users. The primarily favorable circumstances of 

precoding are: no transmission capacity extension, not 

required more power, no information misfortune, not required 

to send side information to the receiver and provide good 

BER performance[17]. 

The strategy of Hadamard Transform is utilized as a part of 

this paper which in view of the relationship between 

connection property of information flag and PAPR  

probability. However, the main concept of the WHT is to 

reduce the autocorrelation of the input signal. The WHT is a 

non-sinusoidal, orthogonal transform and it can easy 

implemented like FFT due to that it does not increase system 

complexity[18]. The function of WHT can be written as 

follows: 

H1 =  1                                                                     (21) 

H2 =
1 2
 1 1

1 −1
 
  
                                                     (22)  

H2N =
1 2N
 HN HN

HN −HN
                                              (23)     

                                                                                                              

The WHT Precoding for a signal Si  of length N is applied at 

the transmitter are expressed as 

yn =
1

N
 SiWAL(n, i)N−1

i=0                                           (24)                                                                                        

and at the receiver, we applied the inverse version of the 

WHT which expressed as 

si =
1

N
 ynWAL(n, i)N−1

i=0                                            (25) 

Where  i = 0,1,… . . , N − 1  and WAL (n,i) are Walsh 

functions    

4. COMPANDING TECHNIQUE  
Nonlinear companding scheme used in the multicarrier system 

because it provides great PAPR reduction, best BER 

performance, and less complexity[19]. 

4.1 A law Companding Technique 
Figure 2 shows the A-law compressor characteristics with a 

different value of A  ratio which used to control the amount of 

companding in the FBMC signal. From the figure we can 

observe that when the compression ratio parameter ' An' 

increases the results more compression of the signal. However 

when we fixed the value of companding ratio equal to one 

then we observe that no compression of the signal. The 

companding function applied to the end of the transmitter side 

is express by[19-20] 

𝐹 𝑠[𝑚] = 𝑠𝑔𝑛(𝑠[𝑚]) 𝐴 𝑠[𝑚 ] 
1+ln(𝐴)

     ,  𝑠[𝑚] <
 𝑠[𝑚 ] 𝑚𝑎𝑥𝐴

1+ln(𝐴 𝑠[𝑚 ] 
1+ln(𝐴)

    ,  𝑠[𝑚] ≥  𝑠[𝑚 ] 𝑚𝑎𝑥𝐴   (26) 
Where A is used  to control companding function The inverse 

companding at the receiver is given by  𝐹−1 𝑟 
= 𝑠𝑔𝑛(𝑟)   

   𝑟 (1 + ln 𝐴 )𝐴                       ,  𝑟 <
 𝑟 𝑚𝑎𝑥

1 + ln(𝐴)

exp( 𝑟  1 + ln 𝐴  − 1)𝐴  ,  𝑟 ≥  𝑟 𝑚𝑎𝑥
1 + ln(𝐴)

  
(27)    

 

Fig 2 : A  law compressor characteristics 

4.2   Mu law Companding Technique 
Figure 3 show the Mu-law compressor characteristics with 

different value of Mu ratio which used for control the amount 

of  companding in the FBMC signal so from figure we can 

observe that when the MU ratio increases the results more 

compression,  when  Mu=1, we observe that no compression 
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Fig 3 : Mu-law compressor characteristics 

The companding function applied to the end of the transmitter 

side is express by [21-22] 𝐹 𝑠 𝑚  = 𝑠𝑔𝑛 𝑠 𝑚  ln(1+𝑀𝑢 𝑠 𝑚  
ln 1+𝑀𝑢 ,                        

(28) Where Mu parameter used to control the companding 

level applied to the signal. The inverse companding at the 

receiver is given by  𝐹−1 𝑟 = 𝑠𝑔𝑛 𝑟  1𝑀𝑢   1 + 𝑀𝑢  𝑟 − 1 ,              

(29) 

5. PROPOSED STBC ALAMOUTI 

MIMO FBMC WITH PRECODING 

AND COMPANDING SYSTEM 

MODEL 
For reduced the PAPR of Alamouti MIMO FBMC/OQAM 

system with using precoding scheme and companding 

technique with using M transmit antennas that used N 

subcarriers. The precoding transform is applied in the 

frequency domain and the companding transform is applied  

to time domain. The system block of the proposed scheme is 

shown in figure 5. The signal processing step is below 

Step 1:  The input streams are passed to the symbol subcarrier 

mapping .then it passed to Walsh-Hadamard transform 

(WHT) precoding technique. 

Y[m]=H S[m]                                                                (30) 

Step 2:  Then it passed through the preprocessing OQAM 

modulation then it will pass through the serial to parallel 

converter.  

Step3:   The modulated data fed to the STBC which generated 

two sequence S1, S2, as a proceed Antenna  TX1, Antenna  

TX2 for transmitter respectively and Each sub-block contains 

part of input data. the sequence for the 1st antenna is express 

as  

S1 =  s1 ,−s2 ,
∗ s3 , − s4  

∗ ……… sN−1, sN
∗                     

(31) 

The sequence for the 2nd antenna is express as  

S2 =  s2 , s1 ,
∗ s4 , − s3  

∗ ……… sN , sN−1
∗                     

(32) 

                     

Fig 4:  Signal transmit mode 

From eq. (31) and eq. (32) means that in the 1st time slots 

signal  s1 and s2 are transmitted from the 1st and 2nd 

antennas respectively, in 2nd-time slot signal  −s2 ,
∗  and s1 

∗ are 

transmitted from the s two antennas and so on as shown in 

figure 4.   

Step 4:   Then both of this sequence is passed through IFFT 𝑠𝑛 = 𝐼𝐹𝐹𝑇{𝑆𝑛}    for 𝑛 = 0,1,……… ,𝑀 − 1                     (33) 

Step 5:  Output of the IFFT passed  to the synthesis filterbank  

Step 6:  The output from SFB passed through the parallel to 

serial converter before it passed through the companding 

technique block which used to reduce the PAPR. 

At the receiver side the inverse operation is done for each 

stage, also it is not required to send side information to the 

receiver, which reduces the system throughput. 

 
𝑆2 𝑆1 

−𝑆2
∗
 

𝑆1
∗
 𝑆2 

𝑆1 
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6. SIMULATION RESULTS 
In this section, the simulation results are obtained for 

proposed transceiver of STBC MIMO FBMC/OQAM systems 

with using two transmitter antenna and one receive antenna. 

table I show the parameter used in our simulation  

Table I Parameter used in the simulationFor MIMO 

FBMC system 

No. Parameters Values 

1 Number of repetitions  1024 

2 Number of subcarriers 512 

3 SNR range 0-25 

4 MIMO Scheme STBC  

5 Modulation Technique OQAM 

6 Prototype filter SRRC 

7 Roll-off factor 0.5 

8 over sampling factor 8 

9 Precoding scheme WHT 

10 Companding technique A-law and  

Mu-law 

Fig.6. Shows the complementary cumulative distribution 

function (CCDF) with using Mu-law companding scheme 

with applied different value of Mu companding ratio which 

chose to be {5,10,100,255,500}. However, From figure 6 and 

table II, we can observe that when the values of Mu parameter 

increase then the CCDF of PAPR improves means there is an 

inverse relationship between Mu parameter and CCDF. 

Therefore, the best one improvement for PAPR at Mu ratio set 

to be 500.  

Table II PAPR for different MU-companding ratio For 

MIMO FBMC system 

Mu 

ratio 

Without 

Mu 

10 50 100 255  500 

PAPR 12.31 6.54 5.591 4.594 3.886 3.796 

 
 
 
 

 

Fig 6: CCDF of PAPR MIMO FBMC system with Mu-law 

companding for various Mu Parameters. 

 

Fig 7:  CCDF of PAPR MIMO FBMC system with A 

Companding for various A parameter. 

Fig.7. Shows the complementary cumulative distribution 

function (CCDF) with using A-Law companding scheme with 

applied different value of A companding ratio which chose to 

be {10,30,50,70,90}. However, From figure 7 and table III, 

  
Symbol 
Subcarri

P OQA

M 

S/

P 

STB

C 

IFFT 

IFFT 

SF

B 

SF

B 

P/

S 

P/S 

Com
pandi
ng 

Comp

anding 

S1,

S2,

Input 

stream 

𝑌𝑛 𝑆𝑛 

Fig 5 : Proposed STBC Alamouti MIMO FBMC Transceiver with Precoding and Companding 

system 
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we can observe that when the values of A parameter increase 

then the CCDF of PAPR improves means there is an inverse 

relationship between A  parameter and CCDF. Therefore, the 

best one improvement for PAPR at A ratio set to be 90.  

Table III PAPR for different A Companding ratio for 

MIMO FBMC system 

A-
ratio 

Withou
t 
Comp. 

10 30 50 70 90 

PAP
R 

12.31 5.83
0 

4.33
6 

3.89
2 

3.75
1 

3.69
3 

 

Figure 9 Shows the complementary cumulative distribution 

function with using different schemes. From the fig 8 and fig 

9, we can observe that when we used combination of A 

companding with WHT Precoding is used with fixed A- ratio 

to 90, the PAPR is reduced about 9.687 dB and when Mu-law 

companding with WHT Precoding is used with Mu ratio fixed 

to 500 , the PAPR is reduced about 9.227 dB Whereas A-

companding and Mu companding reduced PAPR about  8.617 

dB, 8.514 dB respectively . therefore the proposed schemes 

consist from WHT precoding technique with A- law 

companding given better reduction than others. 

  

Fig 8: Comparative analysis of PAPR(dB) Reduction in 

MIMO FBMC system shows reduction value 

 

Fig 9: CCDF of PAPR MIMO FBMC system with 

different schemes 

 

Fig 10: Reduction level for various technique in MIMO 

FBMC system 

Figure 10 shows the reduction level for the original MIMO 
FBMC system with using different schemes. It shows that 

the PAPR is reduced to a great extent when precoding and A-

law companding is mixed together it can reduce the PAPR by 

9.686dB. 

 

Fig 11: BER versus SNR MIMO FBMC system  with 

Hybrid Precoding with Companding 

Figure 11 shows the competitive analysis of  Bit error rate in 

MIMO FBMC system out of the two reduction schemes based 

on the precoding with MU law companding and precoding 

with A-law companding schemes which compared to the 

original FBMC without any reduction schemes. However, we 

can observe that the best BER is produced by using 

combination of the preceding with A-law companding law 

7.  CONCLUSION 
MIMO FBMC system is found to be used for next wireless 

communication 5G system .it is satisfied various advantages 

as support better spectrum efficiency, high diversity gain and 

system capacity. However, the most disadvantaged issue are 

high PAPR especially when signal access nonlinear devices, it 

may require wide dynamic range, or may be cause nonlinear 

distortion due to that it degrades the overall performance; this 

paper presents an STBC Alamouti MIMO FBMC system with 

two antenna transmitter and one antenna receiver. However, 

The STBC Alamouti MIMO FBMC system are implemented 

with  applied combination of  two technique to reduced PAPR 

First technique are WHT Precoding  and second technique are  
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nonlinear companding technique based on the Mu-law and A-

law companding which applied separately to the system to 

compare the performance between them . from our simulation 

we can say that  all these techniques are able to provide great 

reduction in PAPR but the combination based on the WHT 

Precoding with A-law companding schemes provide better 

performance to minimizes the PAPR as well as provides good 

BER performance. We can say that the STBC Alamouti 

MIMO FBMC system for next wireless communication is 

better to build with the combination of the Walsh-Hadamard 

transform (WHT) with A-law companding technique. 
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