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Wireless communication in present era contains large-scale MIMO network
architecture that need to deliver an optimize-QoS to multi-user (MU).
The optimize data rate transmission in massive MU-MIMO wireless systems
is one of the most difficult task due to the extremely high implementation
complexity. The practical wireless system channels generally exhibits the
PAPR and frequency selective fading, it is also necessary to have a precoding
solution in PAPR for the selected desirable channels. A solution for the
designed problem of a noble error-correcting code for OFDM process with a
low PAPR, in the case of impulse noise should be considered. In this paper,
Adaptive-Data-detection (ADD) algorithm is proposed to obtain lower-
complexity data-detection that corresponds to high throughput design and
impulse noise removal for large MUI-MIMO wireless systems by the OFDM
modulation technique. That contains some steps such as; initialization,
pre-processing and equalization steps in order to get no performance loss and
to minimalize the recurrent amount at each iterations during operation. In

(PAPR) order to wuse simplify model, here we assume suitably perfect
synchronization, large cyclic prefix and perfect-CSI (channel-state-
information) which has been developed through the pilot depended training.
Simulation results analysis show the proposed method substantial
improvement over the existing algorithm in terms of both ‘Error-rate’
minimization and PAPR reduction.
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1. INTRODUCTION

Present wireless communication system contains large-scale MIMO network architecture that need
to deliver a promising result in order to meet growing demands for multi-user quality-of-service (QoS) and
higher throughput in wireless systems [1]. The large-scale MIMO network also should have ability to
decrease the consumption of operational power (OP) at the transmitter side, also support the usage of low
complexity structures for concurring multi-user interface (MUI). These kind of properties of large-scale
MIMO makes a promising-technology for the upcoming generation of wireless systems. OFDM technique is
well established and the attractive process to deal with the ‘frequency selective’ channels. Moreover, in order
to simplify the receiver side equalization, OFDM process allows scheduling, bit allocation, and per-tone
power in the spectrum shaping and frequency domain. The theoretical view of large-scale MIMO have
acquired lot of significant attention from the researchers, but the knowledge of practical transmission process
is very less. As per the paper [2], the practical operations of large-MIMO network will need the less radio
frequency (RF) power and low cost components. In addition in [2], the proposed model of multi user
precoding for flat-frequency channels depend on pre-antenna ‘constant-envelope’ transmission to allow the
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efficient operation through non-linear RF-components. The practical wireless system channels generally
exhibits the PAPR and frequency selective fading, it also necessary to have a precoding solution of PAPR for
selected desirable channels. The solution for such kind of complexity requires an individual mobile terminal
to have less PAPR because of power constraints and stringent area; also, it can afford the heavy processing at
the base station (BS).

However, the MIMO-OFDM s popular to undergo with a lesser PAPR that demands the usage of
‘linear-RF’ components (example, power amplifiers) in order to overcome the signal distortion and out-of-
band radiation. Unfortunately, the linear-RF Component generally comes with less efficient power and more
cost compared to the non-linear components, which causes the excessive cost for large-scale implementations
of BS that may contains hundreds of antennas. In this paper [3], They proposed a residue number-system
(‘RNS’) in order to reduce PAPR in MIMO-OFDM systems and the proposed model approach makes use of
RNS properties to greatly decrease the ‘computational complexity’ as well as the PAPR. This methodology
compared with the PTS-scheme (partial transmit sequence) also, where the RNS-based scheme of PAPR
reduction performance can be analyze for computational complexity with minimal side information.

PAPR reduction approaches such as clip-signal has proposed in [4], [5], selected mapping
(SLM) [6], [7] and partial transmit sequence (PTS) [8], [9] have been proposed in order to overcome the
effects of PAPR in MIMO-OFDM signals. Therefore, using the techniques the ‘PAPR’ can be reduce, but
these techniques also come up with their respective drawbacks. Clipping the peak amplitudes under a time
domain reasons behind distortion of signal, which reduce the performance of BER in the receiver side.
Partitions of PTS data into the sub-blocks, where individual sub-blocks are combined based on phase
sequence and the phase sequences combination provides the lower PAPR at OFDM signal, which will be
used at data transmission. The SLM combines phase sequences with their duplicates copy of OFDM data,
and then performs several iterations of IFFT (inverse fast-Fourier-transform) to choose the block of data at
lowest PAPR. Both of the method SLM and PTS require the side information transmission (in phase
sequence) to recover the original transmitted data that may require some extra bandwidth. Therefore, it is
necessary to reduce the amount of PAPR of OFDM dependent multi-user MIMO network system to provide
corresponding low-power and low-cost BS operations. Moreover, the MUI cancelation can be given as
underdetermined linear regularization problem that requires optimize solution.

In this paper, we proposed a lower-complexity data-detection algorithm that corresponding to high
throughput design for large MUI-MIMO wireless systems by the OFDM modulation technique. DDA
(Data detection algorithm) can improve the computational efficiency in a hardware prototype that avoids the
excess computation. A DDA is a well-known iterative framework to solve a huge number of convex
difficulty (exactly or approximately) through coordinate-wise updates, but here we proposing Adaptive-Data-
detection (ADD) algorithm that contains the initialization, pre-processing and equalization steps in order to
get low performance loss, minimization of impulse noise and minimalize the recurrent amount at each
iterations during operation. In order to use simplify model, we assume suitably perfect synchronization, large
cyclic prefix and perfect-CSl is been developed through the pilot depended training. This algorithm performs
through considered regularization parameters, which enables the neighboring maximum likelihood values
that correspond to performance of output data detection in large MU-MIMO systems, moreover the large
‘BS-to-user-antenna’ ratio. Simulation results analysis show the proposed method substantial improvement
over the existing algorithm in terms of both ‘Error rate’ minimization and PAPR reduction.

The paper is organised as follows; Section 2 represents literature survey, Section 3 shows the
proposed system model, Section 4 represent the experimental result and analysis, and Section 5 conclude
our work.

2. LITERATURE SURVEY

Inspite of many advantages of MIMO-OFDM signals, the high PAPR value is main drawback that
coming in signals. In order to decrease the high PAPR, there are many PAPR reductions approach have been
proposed by the researchers and in this section we are going elaborate the different PAPR reduction
technique and the problem associated with it.

The selected mapping (SLM) approach is an efficient scheme because of its high PAPR reduction
capability without the distortion of signal, while the conventional SLM (‘CSLM’) approach come up with
major complexity in computation. There are several methodologies has been proposed to overcome the
difficulty, ABC (Artificial Bee Colony) technique is a newly proposed swarm based optimization approach
which provide the high performance in regarding of PAPR minimization. The performance of ABC approach
generally based upon the bees search strategies and there are also some modified search strategies are there.
In paper [10], a parallel ABC (P-ABC) has proposed to modify the search strategy, and improved (I-ABC)
approach is been introduced to decrease the complexity in computation at SLM approach. A PABC follows
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strategies to obtain best exploitation and exploration. In I-ABC, an individual bee search for the optimal
neighborhood to obtain best solution for mutation process. Afterwards, the obtained solutions is shared with
different swarm and novel ‘search directions’ is obtained to find optimum sources.

In (single-input single-output) SISO-OFDM wireless systems, the best projecting techniques are
clipping [11], active constellation extension (‘ACE”) [12], tone reservation (‘TR’) [13], partial transmission
sequence (‘PTS’) [14], selected mapping (‘SLM’) [15], and others. In [16]; they provided a detailed
overview, in which the PAPR-reduction approach can be stretched easily from SISO to MIMO
systems [17], [16], the extension of multiuser (MU) MIMO system is not that much easy, because the joint
process of receiver-side signal transmission is almost very difficult in practical at presence of distributed
users. MIMO-OFDM system has been extensively accepted to serve for the ‘wireless communication’
systems. Though it is still undergoes from the maximal PAPR that is the main disadvantage of MIMO-
OFDM-based systems.

In paper [18], they consider the approach to reduce the PAPR in coded OFDM systems. A novel
PAPR minimization approach using the ‘label-inserted’ encoder of soft amplitude limiter (‘SAL’) and using
this approach they got 5.5dB PAPR minimization (in OFDM system), which contain 3dB clipping, 128
subcarriers, and 4-bit selection. Excluding the significance of PAPR minimization this approach also have
advantage of low complexity, small overhead, small performance loss, and no extra information
transmission. Amongst several random process, an irregular repeat accumulate (‘IRA’) code is finest option
for simpler encoder process. The prototype can be applied directly to MIMO-OFDM system and the capacity
of clip MIMO-OFDM can be analyze through Gaussian approximation. Here, they consider soft MAP
detector with iterative receiver in MIMO-OFDM system. In different number of antennas systems, the hybrid
approach is become independent part of encoder, therefore there is no extra constraint has applied at IRA-
code optimization. The designing of IRA codes is complete according to the ergodic MIMO system by
consider several PAPR decrement setting, moreover, the different clipping ratios is based on extrinsic
information transfer (‘EIT’) plans. The high value of PAPR leads to the in-band distortion along with
frequency spread spectrum, due to the presence of non-linearity in the ‘high-power” amplifiers and the larger
PAPR value essential to decrease although its probability should not much high. While eliminating the high
peaks the signal performance is also affected, therefore, a special maintenance needs to be consider to
decrease the PAPR in MIMO-OFDM. In this paper [19], they proposed a novel algorithm that is based upon
the grouping of PTS and SLM methods for the PAPR reduction. In previous existing techniques of PAPR-
reduction only uses either PTS or SLM as a separate technique on MIMO-OFDM. Here, they
consider QPSK modulated technique in MIMO-OFDM systems through considering four number
of antennas.

In [20] and [21] proposed a Pulse shaping method that is effective in decreasing the PAPR of
MIMO-OFDM signal, also provide the lower computational complexity. Selecting the proper pulse,
the PAPR can be reduced, moreover the Nyquist-pulses as ‘square-root raised cosine’ (SRRC) and raised
cosine (RC) are usually used pulses. Conversely, the ideal Nyquist-pulses are normally non-causal, that is
why it is not practically reachable and the ideal Nyquist-pulses can be shorten at time domain to preserve
the causality, but this model introduces the undesired side lobes of non-zero in frequency domain. To design
a fundamental pulse using an efficient computational optimization method [22], which offered a much
effective method for executing pulse shaping method in MIMO-OFDM systems in order to decrease the high
PAPR values. However, this pulse-shaping approach may present inter-carrier interference (‘ICI’) and
eliminate the orthogonality function in the MUI-MIMO-OFDM system. Therefore, it causes the degradation
in the performance of demodulation in OFDM system [23].

There are always some residual that leading to signal-to-interference and noise ratio. To overcome
this problem, in [24] they proposed a zero-forcing equalization technique. The advancement in
communication field outcome require the higher data rates with lower bit-error-rate (BER) and increase in
the power efficiency. MIMO-OFDM is comprehensively use in the present and subsequent generation
broadband or wireless communications [25] to generate a higher data-rate transmission, also the spectral
efficiency at some multipath channels fading. The MIMO systems having the major drawback, which suffers
from the high PAPR that requires implementation of highly efficient power amplifier, in order to continue a
broader linear region for avoiding the signal clipping, therefore it increases the power consumption and
hardware complexity. The several reduction technique of PAPR has been proposed that provide the maximal
reduction of PAPR, which ranging from 0.5dB to 6dB. In paper [26], discussed the PAPR performance
analysis, also the algorithms for beam-forming (BF) techniques that include MRT (Maximum Ratio
Transmission), EGT (Equal Gain Transmission) and combining of receiver techniques such as MRC
(Maximum Ratio Combining), EGC (Equal Gain Combining) for MIMO-OFDM system. Moreover,
the MIMO-OFDM system measurement is complete in terms of PAPR reduction, SNR and BER.
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3. PROPOSED SYSTEM MODEL

In this section, we consider a large MUI-MIMO-OFDM system to address the MUI cancellation and
PAPR reduction. Precisely, the MUI cancelation can be given as underdetermined linear regularization
problem that requires optimize solution. In MIMO-OFDM model, A is an antenna user terminals that transfer
the data simultaneously BS-antenna C > A over the B subcarriers and the user encodes its personal bit stream
(i =1,...,A) through forward error correction approach. Afterwards, the coded bits signal onto gathering
point at a D finite set i.e., 16-QAM, with average transmit power in unity F[|e|?] = 1 at G = log,|H] (i.e.,

bits/constellation point) and e € H.

Initialization
1

Pre-processing

I

Equalization

Figure 1. Flowchart of Proposed Model

Then the resulting frequency domain (B) symbols [e!,...,e}] are transformed in a time domain
symbol using IDFT [27] (inverse discrete ‘Fourier Transform”). After pre-pending cyclic start, all the users
transfer their time domain signals at the selective ‘wireless frequency channel’ at same period.
After, discarding cyclic prefix, the time domain signals has received in each of the BS-antennas and then
transformed into frequency domain using discrete ‘Fourier Transform’. Figure 1 shows the flowchart of
proposed model.

In order to use simplify model, we assume suitably perfect synchronization, large cyclic prefix and
perfect-CSI (channel-state information) is been developed through the pilot depended training. Considering
this assumption, the frequency domain relation of input and output with bth subcarrier can be modeled as;

kb = Leb + my (l)

Where, thek, € Y¢can be associated with frequency domain received vector, e, € H“contains the
transmitted symbol through all users (4) and channel matrix is represented as;

k, eyt eyc=4 )

The symbols is transmitted thru user i at b-subcarrier and thermal noise modeled asm, € Y4 at
symmetric complex Gaussian vector with noise variance M and impulse noise.

In practical, the underdetermined linear regularization problem can be solve by regularize the least-
square difficulty;

e =TI Ik, — Lyrll3 + MlIrlI3 3)

Since the Equation (3) is quadratic form in r, so the regularization parameter problem has in closed
form solution. While the problem occur in above Equation (3) can be calculated implicitly through
data-detection algorithm (DDA). DDA can improve the computational efficiency in a hardware prototype
that avoids the excess computation. A DDA is a well-known iterative framework to solve a huge number
of convex difficulty (exactly or approximately) through coordinate-wise updates and we can define the
function as;

fry,....ta) = f(r) = llky — Lprll5 + p(r) 4)
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Where, the p(r) is ‘convex regularizer’ and it is necessary to realize the Equation (3), while minimizing
Equation (4) through selecting p™" (r) = M||r||5. Here, minimizing is similar to solve the square error
regularization problem through,

p°(r) =S eqQ) ®)

Where, S(r € Q) define the functional characteristics that is zero if the r € Q and otherwise it is infinity.

Minimizing Equation (5) based equalization function evolves f(r,,...,r,) sequentially to
coordinate each variabler, anda =1, ..., A.

Here, we assume DDA based square error equalization to find ath optimum rate r, for error
equalization problem in (3).

fo = Y05 lky = Lprll3 + MlIrll3 (6)

TEY

Which holds the other values of 7;,Vj # a fixed. This involved a quadratic problem and it can solve
through setting the function of gradient in (6) w.r.t the ath component to zero.

0=V,f(r) =1(Lr—k)+ Mr, @)

Through decomposing Equation (8), the Equation (7) for r, in order to get closed from expression:

Lr = Yjzality + a7, ©))
o = [l = 3l 9
o= L= Zieab 5 g + ) ®

The expression is accurately update DDA rule for ath entry of r, and for each iteration, Equation (9)
can calculate sequentially for usera =1,..., A, where frequently reuse all new novel outcome 7, for ath
user. Therefore, we repeat the process for T total number of iteration to estimate;

e =@ (10)

Where, (™ is the final result of DDA based described iterative process.

DDA enables a non-linear data-detection approach, which operate openly in ‘frequency domain’ on
each subcarrier basis. This update derive the box-constrained equalization problem. Moreover,
the characteristics function can be provide through (5) is not differentiable, but it is similar method that can
be use sub-gradients to enables closed form of expression,

. kxIL—kYipqlir;
Ta = OpQ ( ||h |]|2 / ]) (ll)
ull2
Here, op (+) shows the orthogonal projection at the Q convex polytope and given by;
b ifbe Q
opo(b) = {argmingeqlb -9l ifbé¢ Q (12)

The argument b € q is under the set of Q, and then b is projection outputs; the b is external set of
Q in the Euclidean distance. There are several relevant constellation H sets, and (12) projection can be obtain
effectively for QAM constellation. Where, imaginary and real part can be clip independently of w onto
the [-U, +U] interval and U is a radius of close-fitting box, which covers the ‘QAM’ constellation.

In this paper, we proposing Adaptive data-detection (ADD) algorithm that contains the initialization,
preprocessing and equalization steps in order to get no performance loss and to minimalize the recurrent
amount at each iterations during operation (¢t = 1,...,T). Instead, to compute blindly updates in (9) and (11)
for regularization parameter, the preprocessing and restructuring step are performed. In preprocessing is
performed to decrease the operational complexity, ADD pre-calculate the several major quantities, which can
be reprocessed at individual iteration of t =1,...,T. This type of preprocessing is not only provide the
significant saving during complexity at iterative process (such as DDA), but also simplifies the hardware
implementations.

PAPR Reduction at Large Multi-User-MIMO-OFDM using Adaptive Data... (N. Prabal)
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In particular way, we pre-calculate regularized (inverse squared column) norms of L, that is;

vat =3+ )71 (13)
Where,a =1,..., 4, withU = 0 and the regularized parameter gain is;

wa = vzt llall3 (14

In the error mode of regularization parameter U = M and in box-constrained regularization
mode U = 0, thatyieldsw, =1,a=1,...,A.

To avoid the recurrent process at equalization operation, ADD algorithm provide the incremental
updates that can reuse intermediate quantities at each phase of iterationt =1,...,T. Therefore,
we performing sequential upgradation, also can be called as approximate residual vectors and defined as;

z=k-Y4 1" (15)

However, we are not going to re-calculate the approximate residual vectors for individual iteration.
In conflicting, we initially compute the symbol estimation ra(t) by the approximate residual vectors.

r® = opy(vatls + 1 w,) (16)
The delta value of equation (16) can be compute as;

Ara(t) = raft) — raft_l) @an
Equation (17) enables the (z) residual update in (18) without computing the residual explicitly.

Zez— Ara(t) lq (18)

The received output vector can be computed as;

T
e=[r",... 1] (19)

As we described above, ADD algorithm provide the significantly less computational complexity. In
DDA approach, it requires a complex inner product value and (A — 1) scalar-by-vector complex
multiplications at per iteration of t, whereas the proposed ADD approach requires only one scalar-by-vector
complex multiplication and one inner product value.

4. EXPERIMENTAL RESULTS AND ANALYSIS

The simulation is part is done using Matlab 2016b, system configuration; 8GB RAM, 2GB graphics
card, 1TB ROM and intel i5 processor. In order to evaluate the performance of error-rate for our proposed
ADD model with respect to Zero Forcing [24] algorithm, we performing ‘Monte-Carlo’ simulations in
MIMO-OFDM system, where LTE Advanced (LTE-A) technique is used for data transmission with the
subcarriers [28]. In this study, we use 16-QAM with gray mapping and to account the frequency and spatial
correlation we create channel estimation matrices using Winner-Phase-2 prototype [29] with considering
7.8cm antenna distance (spacing). We report the symbol error rate (SER), Bit error rate (BER) and peak-to-
average power ratio (‘PAPR’) is consider as peak amplitude squared value divided by ‘root mean square’
in order to get average power. The BER and SER performance of 16-QAM arrangement with OFDM in
presence of Gaussian noise and impulsive noise will deliver the system performance using our proposed
ADD model with respect to Zero Forcing algorithm.

Here, we considering two scenarios where we fix the number of receive antennas and varying the
transmit antennas using 16QAM modulation technique. Monte-Carlo trials is consider as 10000 and the
signal-to-noise-ratio (SNR) is varying from -10 to 10dB (with the interval of 2dB). In scenario-a, we consider
32 number of receive antennas with 16 transmit antennas and, 32 number of receive antennas with 32
transmit antennas in order to evaluate the error rate and PAPR. Similarly in scenario-b, we consider 64
number of receive antennas with 32 transmit antennas and, 64 number of receive antennas with 64 transmit
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antennas in order to evaluate PAPR and the error rate. Through varying the antennas number at SNR, we can
analyze the behavior of our proposed model.

Figure 2 shows for the SNR vs SER at 32 number of receiving antenna (RAs) and 16 transmitting
antennas (TAs), where our proposed model perform considerably well with increasing number of SNR,
in 10dB SNR the ADD got 6.17% less SER than the ZF[24]. Similarly, in Figure 3 shows for the SNR vs
SER at 32 RAs and 32 TAs, where the SER is little more compare to Figure 2, whereas our proposed model
got 41% less SER at 10dB SNR. Figure 4 shows for the SNR vs BER at 32 RAs and 16 TAs, at 10dB SNR
our proposed model ADD performs 6.6% less compared to the ZF approach. Similarly, Figure 5 shows for
the SNR vs BER at 32 RAs and 32 TAs, where in -10dB ZF got 11% more BER compared to ADD. Figure 6
and 7 shows for the SNR vs PAPR at 32 RAs with 16 and 32 TAs; considering 10dB SNR in Figure 6 ADD
got 1.25% less PAPR then ZF and in Figure 7 ADD got 24% less PAPR then ZF approach. Below Figure 8 to
13 shows for the scenario b; where Figure 8 and 9 shows for the SNR vs SER at 64 RAs with 32 and 64 TAs,
Figure 10 and 11 shows for the SNR vs BER at 64 RAs with 32 and 64 TA. Moreover, Figure 12 and 13
shows for the SNR vs PAPR at 64 RAs with 32 and 64 TAs, where in Figure 12, proposed ADD shows the
1.5% less PAPR at 10dB SNR and in Figure 13, proposed ADD shows the 35% less PAPR at 10dB SNR.
Table 1 show for PAPR value at different SNR per received antennas [dB], where considered total number of
receiving antennas is 128 and considered transmit antenna is 64. In -2dB SNR, ADD proposed model got
23% less PAPR value compared to ZF approach and in 4dB SNR, ADD model got 7.7% less PAPR value
compared to ZF approach. Therefore, from the analysis of result we can say that increasing in SNR per
received antennas the average value of PAPR is decreasing.
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Table 1. PAPR value at different SNR (RAs=128 and TAs=64)

SNR[dB] -10 -8 -6 -4 -2 0 2 4 6 8 10
ZF[24] 3.47 3.36 3.24 3.11 2.98 2.88 2.81 2.77 2.76 2.76 2.76
ADD 2.11 2.19 2.28 2.35 241 2.47 2.52 2.57 2.63 2.67 271

5. CONCLUSION

We have proposed Adaptive data detection (ADD) algorithm based detection technique for the large
MUI-MIMO system by the use of orthogonal-frequency-division-multiplexing (‘OFDM’) with the presence
of Impulse and Gaussian noise. This proposed ADD algorithm having both linear and non-linear
regularization constraint to provide simple detection operation. Here, we considered two scenarios; scenario-
a and scenario-b to validate the performance of our proposed model. Where we fix the number of receive
antennas and varying the transmit antennas using 16QAM modulation technique and 10000 Monte-Carlo
trials has been taken at different signal-to-noise-ratio (SNR). Our results shows that ADD is suitable for
practical OFDM based large MUI-MIMO system to support several users communicating with hundreds of
base stations by achieving better data transaction rate and PAPR reduction with presence of Impulse and
Gaussian noise. In considering 128 RAs 128 and 64 TAs, we got 1.8% reduction in PAPR at 10dB SNR.
In future work, the ADD model can be implement in VLSI for faster convergence and can enable high
transmission at same PAPR.
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