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Multiple-input multiple-output orthogonal frequency division multiplexing
(MIMO-OFDM) technological support for the simultaneous and frequent
access by a large number of users to radio resources. For 5G cellular
systems, this exhaust is not enough to provide physical layer services. An
appropriate Peak-to-average power ratio (PAPR) minimization principle,
which maximizes data capacity and channel utility, has been used to address
this issue. In this paper, mainly focus on minimize the high PAPR of the
candidate sequence of the OFDM sub-block using modified enhancement
asymmetric arithmetic coding scheme (M-EAAC). According to this,
circular shifting of the candidate sequence is established in the spatial
circular shifting and temporal interleaving (SCS-TI) form to generated
different set of conjugated phases which is multiplied with candidate
sequence. Then, the transmitting antenna is identified the best lowest PAPR
of the candidate sequence is chosen for entire OFDM data transmission. The
simulation results conveys that the proposed SCS-TI method provide
acceptable improvement in the PAPR reduction as compared with
conventional selective mapping (SLM) and pseudo-random SLM
(PR-SLM). Moreover, the complexity evaluation which ensure the proposed
method provides better improvement at three important stages includes
inverse fast Fourier transform (IFFT) operation, optimization process, and
PAPR calculation at each candidate sequence.
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1. INTRODUCTION

Widespread interest in orthogonal frequency division multiplexing (OFDM) based wireless
communications has grown in recent years [1]. It provides high immunity booster against such as multipath
fading, co-channel interference, and high spectral efficiency [2], [3]. It is possible only if the wideband
frequency slow down into narrowband frequency which can be operated simultaneously in the respective
subchannels. Most of the standard wireless networks includes IEEE 802.11 and IEEE 802.16 are preferred
modulation scheme as OFDM. Using cognitive radio technology in regional area networks has been studied
by IEEE 802.22 and the next generation of mobile communication [4]. Wireless system of the future could
benefit from the use of combined form of OFDM and multi-input-multi-output (MIMO) technology [5]. By
this combination, may results in high signal quality, reduce bit error rate (BER), and enhance system
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capacity. Consequently, many wireless systems and standards have shown interest in MIMO-OFDM [6]. An
orthogonal combination of waveforms is generated in the time domain which transmits MIMO-OFDM signal.
However, it demonstrates that large peaks always exceed the average magnitudeof the signal are achievable.
As a result, high peak-to-average power ratio (PAPR) at the transmitter side plagues MIMO-OFDM systems
[7]. Non-linear complication may emerge as a result of this in the digital-to-analog conversion (DAC), mixer,
and high-power amplifiers (HPASs). Hence, nonlinear distortion has an effect on spectrum spreading, signal
structure, and modulation. To solve this problem, expensive power amplifiers are required, but fails power
efficiency during the amplification process. PAPR reduction techniques based on signal modification have
also been proposed as a solution to the PAPR problem. In general, two types of approaches are used to reduce
the high PAPR: i) distortion and ii) distortion-less.

In the case of distortion approaches, which include clipping [8], filtering [9], and nonlinear
companding transform [10], the BER performance suffers due to unstained signal amplitude. The clipping
method [11] reduces PAPR by setting a threshold value. As a result, whenever an input signal is fed into a
digital multicarrier system, a threshold value is checked to see if it is higher than the threshold. It also causes
significant bit error rate (BER). Thus, encoding method is PAPR reduction [12]. It effectively reduces PAPR
but loses data transfer capabilities. In multiple signal representation (MSR) approaches, a distinct phase
sequence is created based on the input signal, and the candidate signal for transmission is picked from the least
PAPR [13]. Similarly, distortion-free approaches such as partial transmit sequence (PTS) [14], selective
mapping (SLM) [15], tone injection [16], and active constellation extension [17] reduce PAPR at the expense
of increasing transmit power, decreasing data rate, and increasing computational complexity. This occurred
as a result of a rise in the number of inverse fast Fourier transform (IFFT) operations, which makes it
computationally complex and required the transmission of side information. PAPR reduction for MIMO-
OFDM space frequency block coding has recently been addressed [18]-[20]. The initial PAPR reduction
statistics can be induced using ordinary-PTS [21] and alternate-PTS [22] techniques. However, these
solutions are computationally demanding and do not take use of MIMO transmission potential.

In this paper, mainly focus on minimize the high PAPR of the candidate sequence of the OFDM sub-
block using modified enhancement asymmetric arithmetic coding scheme (M-EAAC). According to this,
circular shifting of the candidate sequence is established in the spatial and temporal form to generate different
set of conjugated phases which is multiplied with candidate sequence. Then, the transmitting antenna is
identified the best lowest PAPR of the candidate sequence is chosen for entire OFDM data transmission. The
following sections make up the remainder of the paper: section 2 deals system model andordinary decomposed
SLM. Section 3 describes the proposed spatial circular shifting and temporal interleaving in terms of
complexity and PAPR reduction. The proposed model's experimental results are summarized in section 4.
Section 5 concludes with a look toward the future.

2. METHOD
2.1. System model

Figure 1 demonstrates the system model and Figure 1(a) shows the MIMO-OFDM block diagram.
Consider, the input data stream consists of ‘N’ symbols (i.e., Sinput = (S1, S2... Sn)), which are spread evenly
and independently. It is ensured that each input data set has an independent and identically distributed
sequence of ‘N’ symbols. It is used for modulation with quadrature amplitude modulation (QAM). In order to
construct an N-carrierdiscrete-time OFDM signal, use expression (1):

(n) = IFFT{S(k)} = =XR=3 (k). €™/ ;n = 0,1,2,....N =1 (1)

Because of the repeated multiplication of the same phase factors in an OFDM signal when
transmitted symbols are very large, a high PAPR is unavoidable. So, the central limit theoremPAPR trade off
analysis requires only a Gaussian distribution channel. For the most part, PAPR is defined as the maximum-
to-average power ratio of a signal being transmitted, and its mathematical equivalent is provided in (2).

lsmIl®> _
tseoEy 0SS (V=1 @)

PAP{s(n)} =
where, {.} be the expected values and oversampling factors (L) in (2). The PAPR reduction is required for both
discrete and continuous time OFDM signals (i.e., PAP{s(n)} = PAP{s(t)}) provider if the ‘L’ value is greater
than four [23]. To determine whether PAPR reductions are having the desired effect, the complementary
cumulative distribution function (CCDF) can be utilized for MIMO-OFDM system, as shown in (3).
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CCDF{PAPRuyimo{s(n)}} = Pr(PAPRymot{s(n)} > PAPR,p,,, 1) (3)

where, PAPR,p,,, is an adaptive threshold value that is based on the event's chance of probability

occurrence P(v). Hence, equation (3) demonstrates that as the number of transmit antennas increases, the
PAPR problem gets more problematic. It is clear that an effective PAPR reductionapproach is needed in
the MIMO instance

2.2. Ordinary decomposed SLM

A decomposed SLM (Dcomp-SLM) technique is depicted in study [24], where the sequence of each
input datum is multiplied by randomly generated phase sequences (W). Thus, phase scrambling(s#*B?) is
done in order to reduce high PAPR values to a minimum which implies Bi = eiv; @5 € (0,2m). Where,
Bi ={B,B? ..,B%};i=12,...,N—1). Once W sequences are transformed into ¢ candidate signals
using the IFFT, the Dcomp-SLM technique is shown in (4). The Dcomp-SLM technique is used to select the
signal with the lowest PAPR (available candidate signals) as the transmission signal for the OFDM system is
shown in (5).

(n) = \%Z’,@’;&(k).Bi el =12, W 4)
Ssetecte(M) = arg(min( PAPR{S" (n)})) (5)

It is necessary to know which signal is used to transmit the data in order to restore the original input
data sequence at the receiving end. Thus, determines number of bits are required for additional information
retrieval at receiver side. The phase-generation mechanism of the Dcomp-SLM approach still has certain
limitations, despite its excellent performance in lowering PAPR: Due to the random production of phase
sequences, the phase-generating technique lacks a logical framework. The technique does not provide a
mechanism for selecting a phase sequence that gives the best PAPR candidate signal. Figure 1(b) shows the
proposed decomposed SLM with space-time-block coding (STBC) scheme at transmitter side.
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Figure 1. System model (a) MIMO-OFDM block diagram, and (b) proposed decomposed SLM with STBC
scheme at transmitter side

3. PROPOSED METHOD

In this section discusses two ways to reduce PAPR in MIMO-OFDM systems. From Figure 1(b) the
frequency domain subblocks are partitioned into different blocks after being translated to the time domain by
the IFFT procedure. The time domain subblocks are subsequently processed spatially and temporally on all
transmit antennas. Finally, a candidate sequence with the best PAPR statistics is chosen for each transmit
antenna. The M-EAAC includes spatial shifting as well as temporal shifting over subblocks of the randomly
generated at the transmitting antenna. The detailed operations of both are clearly explained as follows.
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3.1. Spatial circular shifting and temporal interleaving (SCS-T1)

Using spatial circular shifting, separate subblocks are first generated at each transmit antenna in this
manner. Different candidate sequences are generated by applying temporal circular shifting to the subblocks
of each transmit antenna. For each transmit antenna, a search of all candidate sequences yields the sequence
with the lowest PAPR. Then, this technique is referred as spatial and temporal shifting (STS). For better
understanding of this process, consider four subblocks (i.e., M=4) and four transmitting antenna (i.e., N=4).
Where, each transmitting antenna assigned with discrete subblocks. For better understanding, it is denoted as
vectors such as (5).

@ .2 .3 .4 1) (2) .(3) (4
LS YY) Cz(; )Cz(; )Cz(; )Cz(; ) 5)

Initially, odd vectors are involved for the spatial shifting, that implies, circular shift of two is followed which
produced another a new vector sequence from that a new odd subblocks are obtained and then assigned to each
transmitting antenna. As a result, interleaving function is included in the spatial shifting process which is
mathematically expressed as (6) [25].

Mx*i
D

@O=mod(M*(i+(N—-1D*[—])—-(D—-1),D);i=01,...(D—-1) (6)

In the temporal shifting, odd subblocks are kept fixed and now, even subblock is shifting initiated
which produced large number of candidate sequence and select the lowest PAPR for signal transmission
available at the transmitting antennas. The number of spatial and temporal shift allowable to odd subblocks
are computed using (7) and (8) respectively.

Sspatial =N=* (M/Z) (7)
Stemporer = [N * (M/2)][N.C™'?] )

where, C be the set of subblocks are selected from the transmission. As a result, the PAPR reduction
performance will be greatly enhanced if circular shifting is applied to the even subblocks as well in temporal
shift processing. According to SCS-TI, generates [(M2)]?[N.*?] number of candidate sequence with
2[log2(N)+log(M2)+N[log2(C*?)]] number of side information bits are required. The detailed spatial
circular shifting of the vectors are shown in Figure 2. Spatial interleaving should be applied to all transmit
antenna subblocks. Afterwards, each transmit antenna's even subblock elements are generated using a
temporal interleaving procedure. The sequence with the lowest PAPR for each transmits antenna was finally
determined after an extensive search.

3.2. Complexity evaluation

It is very much indeed to estimate the complexity evaluation which ensure the proposed method
provides better improvement at three important stages: i) IFFT operation, ii) (C';prr) Optimization process
(C" optimar), and iii) PAPR calculation at each candidate sequence(C"p4pg). Therefore, total complexity per
transmitting antenna as

Ceotar = M.C'ippr + V. (¢"optimar + C™ parr) 9)

where, 1, be the total number of candidate sequence generated at each transmitting antenna and L is the length
of the candidate sequence. The complexity of the IFFT operation takes (NL2)og2(NL) multiplications and
(NL)log2(NL) additions. In that, IFFT operation concerned with four multiplication and two additions. But,
the proposed SCS-TI method does not involved multiplication only addition is required. Similarly,
optimization process also need addition alone.

Therefore, both Cirpr and Coprima; iS @lmost reduced. In case of PAPR calculation, only takes
power of the high peaks utilizes 2NL and NL real multiplication and addition required respectively. The
computational complexity reduction ratio (CCRR) of the proposed SCS-TI method with respect to
conventional SLM as mentioned in Table 1 [26].

Complexity of SCS—TI
Complexity of Conv—SLM

CCRR = (1 —

) X 100% (10)
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The comparative analysis is carried at two different scenarios where the proposed SCS-TI method is
validated such as: i) N=2 and M=8, 16, and 32; and ii) N=4 and M=8, 16, and 32. The complexity is
significantly reduced as compared to conventional SLM and PR-SLM. For an instant, case-I the proposed
SCS-TI reached reasonable improvement in the multiplication (53.12% to 92.56%) and addition (68.45% to
95.61%) respectively. Similarly, for case-Il, results in multiplication (46.73% to 95.73%) and addition

(64.26% to 97.28%) respectively. The achievable rate always go raises as number of subblocks increases
simultaneously.
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Figure 2. SCS-TI approach in the decomposed SLM technique

Table 1. The percentage of CCRRs of the proposed SCS-TI over conventional SLM for V.=4

Method % of CCRR Multiplication at N=2 % of CCRR Multiplication at N=4
M=8 M=16 M=32 M=8 M=16 M=32
Proposed SCS-TI 74.72 81.57 92.19 78.56 93.63 98.46
Conv-SLM [24] 45.34 63.85 88.21 53.17 79.13 83.47
% of CCRR Addition at N=2 % of CCRR Addition at N=4
Proposed SCS-TI 84.56 93.18 97.35 91.23 95.47 97.53
Conv-SLM [24] 61.02 84.06 87.89 83.53 93.76 95.24

4. RESULTS AND DISCUSSION

In this section, describes the evaluation of the proposed SCS-TI technique under different transmitting
antennas say N=2 and N=4 in which separate M-ary encoding schemes are used such as 16-QAM and
32-QAM respectively. In simulation purpose, 256 subcarriers are considered for evaluation with
oversampling factor of L=2 [27], [28]. The OFDM block is randomly generated in the order of 10* which is
allocated to transmitting antenna. This block is further divided into subblocks of M=8, 16, and 32. Therefore,
a new phase sequence generation is included in the proposed SCS-TI technique in order to enhance the phase
generation procedure. In favor to this, a seed matrix is employed with size of 3x3 which ensure recursive
production of pseudo-random phase sequence of the length of N.. In this matrix, each individual elements are
denoted by which has different phase sequence sets such as Pe{+1, +2, +3, +j, +2j, +3;}. The decomposed
SLM method is sufficient for optimistic phase generation which is fully depends on predefined adaptive
threshold value. The proposed SCS-TI technique follows minimum number of temporal shift (i. e., ¢ < 8)
and interleaving matrix of Sg,q¢iq1 = 4.
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In case of simulation, the CCDF graph is generated for the following existing methods such as
original MIMO-OFDM (without PAPR reduction), Conv-SLM, PR-SLM, and O-decomp-SLM respectively. In
Figure 3 shows the CCDF of PAPR reduction using proposed SCS-TI technique. It is observed that the
SCS-TI reached better PAPR reduction as compared to existing techniques such as Conv-SLM, PR-SLMand
O-decomp-SLM respectively. In case of 0.1% of CCDF, the performance of PAPR reduction is increased
using proposed SCS-TI technique under N=2 over Conv-SLM, PR-SLM and O-decomp-SLM are 1.93, 1.26,
and 0.75 dB, respectively. Similarly, if N=4 in such case, the performance of PAPR reduction is reached as
2.56, 2.13, and 1.03. It is clearly depicted in Figure 4. The CCDF curve of the different PAPR reduction
techniques included for two different QAM constellation (Q=16 and 32) as shown in Figure 5.
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Figure 3. The comparative CCDF curve of the PAPR  Figure 4. The comparative CCDF curve of the PAPR
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Figure 5. CCDF curve of different PAPR reduction techniques under 16 and 32 QAM constellation

On comparing, Figures 3 and 4 conveys that the constellation size increases then interrupts PAPR
reduction profile slightly. Therefore, if the number of subcarriers is considered sufficiently large, the output
signal becomes Gaussian following the central limit theorem and the PAPR is no longer dependent on
mapped data [29], [30]. The precision of the SCS-TI method depends heavily on synchronization between the
transmitted signal and the receiver. Misalignments can lead to inter-symbol interference (ISI) and reduce the
efficacy of PAPR reduction. Conveying side information necessary for the receiver to understand the spatial
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and temporal shifts can add to the overhead, reducing the effective data throughput. This algorithm might
face performance degradation under rapidly changing channel conditions, such as high mobility scenarios
where the channel characteristics vary quickly over time.

5. CONCLUSION

To reduce the high PAPR of the OFDM sub-block candidate sequence, a M-EAAC method is
introduced in this paper. The candidate sequence is SCS-TI to generate a separate conjugated phase set that is
multiplied with the candidate sequence, according to this method. When the antenna is recognized, the optimal
low-PAPR sequence is selected for the full OFDM data transmission. The simulation results show that the
suggested SCS-TI approach improves PAPR reduction over standard SLM. IFFT operation, optimization
process, and PAPR calculation for each candidate sequence are all part of the complexity evaluation that
ensures the proposed SCS-TI method improves at three critical phases. For the purposes of comparison, two
distinct validation scenarios for the proposed SCS-TI approach will be considered: | N=2 with M=8,16, and
32; (ii) N=4 with M=8,16, and 32. As compared to traditional SLM, and PR-SLM the complexity is much
decreased. To put things into perspective for a moment, in scenario I SCS-TI achieved a reasonable
improvement in multiplication (53.12% to 92.56%) and addition (68% to 95.61%). Similar findings may be
obtained for cases (ii) in terms of multiplication (46.73% to 95.173%) and addition (64.26% to 97.283%). It is
always possible to get a higher throughput when more subblocks are added simultaneously. Furthermore,
implementing adaptive algorithms that adjust the number and type of shifts according to current channel
conditions can help maintain performance without excessively increasing complexity. Moreover, improving
timing and frequency synchronization can mitigate the impact of Inter-Symbol Interference (ISI) and
preserve the integrity of spatial and temporal shifts. Employing more efficient search methods to select the
candidate sequence with the lowest PAPR can also reduce computational burden and power consumption.
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