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ABSTRACT

Communications in wireless related systems are
gathering much attention from the academicians,
researching philosophers, and many industrial sectors
due to the vital role played by it. Those roles are
especially improvising the smooth deployment, cost
affordability, and efficiency of the communication
towards  achieving  the  practically  feasible
communication. More specifically, communications in
the cellular mode like conventional 3G and 4G had
improved drastically because of the benefits and usage
of it towards the 5G networks. When anything is being
improvised, the number of users using it also augments.
Thus, it usually results in the network overloading
because of the interferences that the multiple users were
causing. Therefore, in this paper, we are objected to
propose SM-Spatial Modulation OFDM- Orthogonal
Frequency-Division Multi-plexing on the LTE- Long-
Term Evolution. We evaluate the proposed SM
performance by thorough investigation by BER.

Key words: MIMO, OFDM, Rake receiver, Spatial
Modulation

1. INTRODUCTION

Much security concerns in the transmission operations
have been rigorously investigated these days by the
demand existing for the rates of it [1],[22]. SM-Spatial
Modulation was a novel and out-of-the-box used now by
the transmitting operation wherein the symbol from the
location of transmit antenna and the individual
constellation point in the antenna array conveyed data
[2].

Figure 1 shows the typical operation of SM [3]. The
source bit-stream is categorized into two blocks, wherein
the appropriate symbol and antenna will be chosen [3].
The most crucial benefit of using the SM was that it

eliminates the receiving IAl-Inter-Antenna Interference
in accordance with the individualistic activation of the
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Figure 1: Typical operation of SM [3]

antenna [3]. GSM- Generalized SM was initially
implemented with the appropriate type of ML-
Maximum-Likelihood decoder. But, this type of a
decoder was not suitable for actual application in
accordance  with its  exponential complexness,
specifically, when the size of constellation or antennas
was massive.

m-MCMIMO VLC-massive Multi-Color Multiple-Input
Multiple-Output Visible Light Communications [4]
were used nowadays for achieving higher-speed and
good density- depth coverage towards the next-gen inner
data linking. Usage of multiple detecting medium or
merely the appropriate combination of filters and
detectors could sort out the issues arising due to the
overloading and interference occurring in the networks
[5]. These improvisations were only possible because of
SM operations [5] towards the efforts made in
overcoming several technology and infrastructure
difficulties posed in many network communications [6].
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Improvisations in terms of the antenna were also seen
towards the optimization of the network parameter
impedance [7]. More improvised and better
performance-related network contributions were possible
by the introduction of the QSM-Quadrature SM [8].

The major objectives of this work are:

e To reduce the overloading by the SM

e To optimize the design and performance by
balancing with introduction of rake receiver

e To validate the SM performance with existing
literatures

First section of this paper discusses the general intro to
the MIMO systems; Second section describes the
reported related works concerning the SM and mobile
networks; Third section describes the proposed OFDM
SM  methodology; Fourth section tells us the
performance analysis by taking BER; and Fifth section
discusses the drawn conclusion.

2.RELATED WORKS

For improvising the transmission operations, [1] was
envisioned to suggest security enrichment with the aid of
SM-Spatial Modulation as the base. The transmitting
and receiving devices were modified to choose the pre-
coding vectors arbitrarily. Their overall view was to
make us realize the importance of the receiving end in
the mobile network communication.

Usage of SM [9] was not only able to decrease the
complexities in the devices and interferences existing
between every channel, but it also was able to reduce the
consumption of power and some issues of
synchronization in the antenna side. Thus, [9] analyzed
the effect of the time taken for the switching of antenna
against the SM. As far as the comparison was
concerned, better relations for the rate of transmission,
the efficiency of the spectrum, and ability concerned
performance results were established for MIMO-
Multiple Input Multiple Output systems against the
system of the category SIMO-Single Input Multiple
Output.

Several trends posed by the VLC-Visible Light
Communication was comprehensively surveyed by [10]
to make us realize the future views and recent advances
in mobile network communications.

Targeting the users of mobile, [11] put frothed the dual-
direction based Optical SM for LiFi- Light Fidelity type
of cellular networks with the adaptation of SM operation
and measuring capable systems. Better outcomes
resulted when compared against the traditional Spatial
Multiplexing models.

Difficulties caused by SIC-Successive Interface
Cancellation were tackled by [12] with the introduction
of SM dependent Multi-antenna adopted methodology of
NOMA-Non-Orthogonal Multiple Access.

Many surveys were done as in [13]-[14] to discuss the
variety of difficulties and achievements of the MIMO
with special consideration to SM in the transmission
operation in the mobile network communication.

Receiving and transmitting SM operations in 5 G mobile
techniques were developed by [15] to improvise the
spectral contribution made by the mobile networks.
Many conceptual bases of 5 G networks were also seen
more often nowadays because of the emergence that the
mobile devices have created, especially it was said by
[16].

A distributed SM dependent cooperative and variable
schema was developed by [17] for the wireless relay
networks. Better BER-Bit Error Rate outcomes were
resulted due to the fact of achieving higher gain in terms
of diversity.

Comprehensive analysis of TCSM-Trellis Coded SM
and STBC-SM-Space-Time Block Coded SM along with
SM was done by [2]. A prototype for a RF wave
transmission in free space is simulated in[23].

Two of the LR-Lattice Reduction dependent linear type
of decoders was utilized by [18] rather than one decoder
of the same class since the simulation outcomes were
useful only when two were deployed. Good vyields of
BER were obtained by proceeding with this work.

Despite many out of the box and innovative methods
being introduced towards the betterment of the
communication in the mobile network, but is still a
concern while dealing with the multiple users and
complex scenarios of data transmission.

3. RESEARCH METHOD

The Typical SM operation was illustrated in figure.l.
We will be aiming to avoid the interference with the
proposed method comprising the consumers, C in the
MIMO, and OFDM linked systems. Here, the defined
consumer will have M transmitting antennas and N
receive antennas. The overall schema for the proposed
method of SM is shown in the below figure. 2. In our
proposed method, arbitrary binary data bits assigned to
every consumer is given by

bi¢ = [biy, bi,, ..., bi,] whereinn ¢ = (1,2,...,C)

will be initially transmitting it to a Mapper available for
SM and every group of n = log,(M x K). Here, K is
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nothing but the QAM-Quadrature  Amplitude
Modulation  constellation size mapped onto a
constellation vector,

X = [X,, Xy, ... X, 1%
The restriction of power will be equal to one.

We should realize that every consumer's transmitted bits
count will only be based on K size, as discussed in the
previous relation. Then, at the transmitting area, the
signals of OFDM- Orthogonal Frequency Division
Multiplexing with the aid of IFFT-Inverse Fast Fourier
Transform can be given by

STDE(m) = ﬁzg—le (k)™ il 0<m <L—-1 (1)

Where, L: Sub-carrier count in OFDM, Xf (k): domain
info of the frequency at the i* antenna and k" sub-
carriers for the

ct™ consumer, and STDf (m): signals of the time

re 2: Proposed SM flow

domain. Commonly, X¢ (k) constitutes single non O
elements in every column. The vectors at the output of
the OFDM modulator will be executing the transmitting
operation from M antennas at the same time along with
the Gaussian noise and MIMO channel. All components
of noise are arbitrarily taken as independent Gaussian
complexion parameters comprising the variance, ¢, and
mean equal to 0. Thus, due to the characteristics of the
OFDM modulator, the channels in the modulator might
show few changes or might be constant against the sub-
carriers of the frequency domain. Y¢ (k) will be the size
(N€¢ x L) of demodulating medium at the output side
and every column in the other end on the m¢" sub-carrier
of the receiving antenna, N¢, towards the
ct" consumer. Right after the above-discussed
operation, the information will be allowed to transmit in
the module of spatial demodulation, wherein, the data
bits will be identified. When this scenario occurs, the
difficulty will be posed to antennas doing the receiving,
which are related to several consumers who fail to
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achieve coordination intermediary to every other. Thus,
interference starts to develop intermediary to them.

Thus, to avoid the occurrence of these interferences, it
will be commendable to make use of a few of the pre-
coding schemas. This schema is done by using the block
diagonalization and channel inversion appropriately.
Here, in this pre-coding schema, the matrix pre-coding
gets multiply with every consumer’s signal. To make
this pre-coding smoother, we will presume that every
consumer’s receive antennas count will be identical to
the transmit antenna count when every consumer in the
network has identical receive antenna counts.

First, we will define our proposed work based on MIMO
flat categorical faded channels by,

Ho=| & =~ )

Here, H,: ct® consumer’s channel of the type MIMO
and  h;;:  impulsive channel reply to the
i*" receiving antenna  from  the " transmitted
antenna. This reply will be given by the relation of alike
distributed Rayleigh fading as,

R
x= (002 X 022X, .. (0c) 2 Xc ) |
Se1pe = Po (3)

In the above-indicated relation, p.: k" data stream
transmitting power and p,: overall transmitting power
possessed. Improvisations in SNR and smooth splitting
could be possible by introducing the rake receiver that
generates delays with the help of his inner consisted sub-
receivers for the sake of retaining the MPCs diversity
[19]. On augmenting the correlators count, the receiving
performance will be improvised, however, it makes the
system to be more complex, big, and makes it cost
deficient.

Hence, this makes an exhaustive task whether to go for
reducing the complexities in design or improvising the
performance. This exhaustive task can be eliminated by
utilizing the template signal that re-modifies the received
pulses. Afterwards, the outcomes after the multiplication
is combined to form a single sample. These both the
operations are collectively called as correlations.

Then, we presume that the Generated Rake receiving
signal (template signal), G = (R;,R,,...,Rc)as N x
C:anarray of pre-coding against every consumer’s
matrix, R,..

1
Ve = Hc Zg:ch (pc) /2 XC = HcRcXc +
1
He Bt ivcRe (P0) 2 Xi + m, @)

4. RESULTS AND ANALYSIS

Existing methods of [20] and [21] are used for validating
the performance of the proposed SM method. Bit error
rate is the ratio of bits or symbols count in the error
(Cs (e)) to the overall bits (O, (b)) in the network. BER
is given by,

_ Cs(e)
B.E.R.= % (5)

The indicated figure 3 shows the comparison made
between the BER and SNR with the help of the graphical
comparison by taking the BER and SNR in y-axis and x-
axis respectively.

The proposed categorical SM yields the betwixt outcome
in the range of 107! to 1072 at the gain being 12 db and
14 db when we take SNR.

Bit Error Rate of SM

Proposed-QAM

10°

BER

25

Figure 3: Evaluation of SM performance in terms of
BER with SNR

The indicated figure 4 shows the comparison made
between the BER and Eb No by plotting the graph
between the BER and Eb No in both the axes. The
proposed categorical SM yields the betwixt outcome in
the range of 1072 to 1072 at the gain being 9 db and 10
db while correlating the proposed with all other taken
methods.
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Figure 5: Evaluation of SM performance in terms of

BER with SNR with reference to other
methods

The indicated figure 5 shows the comparison made
between the BER and Eb No by plotting the graph
between the BER and Eb No in both the axes.

The devised SM hold good by generating betwixt results
in the range of 1073 to 10~* at the gain being 5 db and
10 db while we compare with all other existing
lieratures.
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5. CONCLUSION

Communications in the cellular mode like conventional
3G and 4G had improved drastically because of the
benefits and usage of it towards the 5G networks. But,
still many difficulties were realized by the overloading
and interferences due to the user's heavier usage these
days. We were able to avoid the overloading and
contribute much towards the mobile networks. We got
the promising results while comparison of BER against
some existing literatures as taken in this paper.
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